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Abstract 
 

Urban development policies and practices have a significant and often adverse impact on 

environmental quality in urban areas. Chronic ecological degradation typically results from 

conventional approaches to urbanisation. This thesis investigates the application of Low Impact 

Urban Design and Development (LIUDD) as an alternative approach to current development 

practices. It defines LIUDD in the context of strategic and policy considerations and integrated 

catchment management. A principles and methods framework is developed, which is tested for 

implementation, and examined for ecological efficacy through a comparative study of selected sub-

catchments.  

The framework has a particular focus on policy development and the provision of a checklist of 

methods of sustainable design. Eleven case studies were selected and scrutinised to determine the 

applicability of the framework to diverse urban and part-urban development types in New Zealand 

and internationally. As the principles and methods urban design framework emphasises ecological 

outcomes, these were tested through comparative catchment research that uses macroinvertebrate 

organisms as indicators. Sub-catchments in Manukau City, in both countryside living and 

residential developments, were selected for these comparisons.  

Scrutiny of the cases shows that all are only partially compliant with this framework which is 

internationally applicable at a range of development densities and types that include greenfield, 

brownfield, countryside living and existing urban environments. Compliance is higher in 

greenfields, and established developments near urban limits. The latter incur fewer difficulties and 

costs than central city developments in making space for technologies and ecosystems needed to 

achieve ‘low impact’ objectives. Although implementation of the design concepts and green-

construction methods is common among most of the cases, catchments are rarely used as design 

units and site selection for urban growth is poor for avoidance of environmental degradation. 

Examples of catchment-based structure planning show how local authorities and developers use the 

LIUDD approach successfully and learn sequentially from each other.  

The comparative catchment analysis of the ecological efficacy of partial LIUDD in residential sub-

catchments in Flat Bush showed that: the qualities of stream macro-invertebrate ecology and of 

riparian forest are superior to that in comparative conventionally designed and developed sub-

catchments, and superior or equal to the best in all land use categories in the Auckland Region. The 

potential benefits to ecology and society of LIUDD, if implemented catchment by catchment, would 

be cumulative across a region.  
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Glossary 
 
Abiotic: the non-living component of an ecosystem. 
 
Baseflow: flow in a river during periods of little or no discharge from the catchment. 
 
Benthic: refers to sediments or organisms in or on the bottom substrates of rivers, lakes, streams, 
and marine areas 

 
Benthic macroinvertebrates: used in reference to a group of freshwater animals that live in the bottom 
substrates of rivers, lakes, streams, and marine areas among sediment, debris, logs, macrophytes, filamentous 
algae etc (Rosenberg and Resh 1993).  
 
Brownfield: an established urban area undergoing change in use or intensification. 
 
Catchment: the land which drains to a water-body; often also called a watershed 
 
Dual pipe system: a system of two parallel pipes usually carrying similar liquids e.g. potable water versus 
non-potable water.  
 
Ecosystem Approach: a management approach which recognises the connectivity between areas created by 
dynamic ecological processes. 
 
Ecosystem Services: In its narrowest sense, these are ecosystem activities which provide value to humans 
(Patterson and Cole 1999).  
 
Effective Imperviousness : surface areas which drain directly to receiving waters, without interception by 
porous surfaces. 
 
Ephemeral: streams that do not flow for part of the year. 
 
Greenfield: Previously non-urban areas undergoing urban development. 
  
Indigenous: a species originating or occurring naturally in a country or area, as opposed to being introduced.  
 
Iwi: Māori tribal groups. 
 
Kaimoana: food from the sea. 
 
Kaitiaki: iwi, hapu or whanau group with the responsibilities of kaitiakitanga. 
 
Kaitiakitanga: the obligation of whanau, hapu and iwi to protect both the physical and spiritual well-being 
of taonga (things of value) within their mana (control).  
 
Macroinvertebrates: see Benthic Macroinverterbrate  
 
Matauranga: traditional Māori knowledge. 
 
Mauri: the life force and unique personality of all things animate or inanimate. 
 
Naturalisation of piped streams: the removal of pipes from stream beds in urban areas and the replanting 
of natural vegetation in the stream path.  
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Oligotrophic: refers to the degree of advancement of eutrophication in a water body and is that state where 
least plant growth occurs.  
 
Perennial: streams that flow all year round. 
 
Retrofitting: Urban areas undergoing land-use change, where new elements are introduced to the existing 
urban framework, such as construction, roading and infrastructure modification and/or maintenance. 
 
Riparian Vegetation: plants growing in strips along the banks of rivers, streams or lakes.  
 
Rain garden: densely planted, deep porous garden bed which captures rain run-off and allows it to slowly 
drain away or dissipate by way of evapo-transpiration, whilst trapping contaminants. 
 
Rain-tanks: holding tanks for rain run-off from roof areas, from small to large commercially made tanks. 
 
Receiving environment: the downstream parts of a catchment,  such as rivers, lakes and harbours which 
receive runoff. 
 
Stormwater runoff: the flow of rainwater after it hits the ground.  
 
Swale: a vegetated (often grassed) depression on the ground into which storm-water can be directed for 
infiltration and cleansing.  
 
Tangata whenua: people of the land, used in reference to Māori associated with particular parts of New 
Zealand. 
 
Treatment Train: A series of devices linking sites in a catchment, to capture, slow and treat rain runoff. 
 
Watershed: see Catchment 
 
Whanaungatanga: denotes the view that, in the Māori world, relationships are everything.  This applies to 
kinship or bonds between people, and also nature. From the Māori perspective, humans are not considered 
superior, but an equal part of life in the natural world.  
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ACRONYMS 
 
ARC: Auckland Regional Council. 

ARGF: Auckland Regional Growth forum. 

CCC: Christchurch City Council 

CMA: Coastal Marine Area. 

CRI:  A New Zealand Crown Research Institute. 

CUES: Centre for Urban Ecosystem Sustainability 

DoC: Department of Conservation. 

EPT: Group of insect larvae used as indicators as they are particularly sensitive to pollution and poor flow 

conditions. Included are Ephemeroptera (mayflies), Plecoptera (stoneflies) and Tricoptera (caddis flies) 

EW: Environment Waikato 

GIS: Geographic Information Systems 

HGMP:  Hauraki Gulf Marine Park 

ICM: Integrated Catchment Management. 

ICMP: Integrated Catchment Management Plan. 

LID: Low Impact Development 

LGA: Local Government Act 2002 

LCR: Landcare Research. 

MCC: Manukau City Council. 

MCI: Macroinvertebrate Community Index 

MCIsb: Macroinvertebrate Community Index soft-bottom 

MfE: Ministry for the Environment.  

NIWA: National Institute of Water and Atmospheric Research 

NSCC: North Shore City Council 

NZFRST: New Zealand Foundation for Research Science and Technology. 

RMA: Resource Management Act, 1991. 

PCE: Parliamentary Commissioner for the Environment. 

RCP: Regional Coastal Plan 

RPS: Regional Policy Statement. 

TDC: Taupo District Council 
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CHAPTER 1 
 

INTRODUCTION 
 

1.1 Thesis purpose and aims 
 
Ample evidence exists of the chronic ecological degradation brought about by conventional 

urbanisation. This thesis provides a platform for a change in approach that prevents this degradation 

and contributes to the advancement of more sustainable practices that shape our urban environment. 

The key aim of this thesis is to contribute to a measurable improvement in aquatic and terrestrial 

ecological health, environmental quality, and natural resource-use efficiency in urban areas through 

changing approaches to urban design, construction, operation and maintenance. The research 

investigates the application of Low Impact Urban Design and Development (LIUDD) as an 

alternative approach to current development practices. It defines LIUDD in the context of strategic 

and policy considerations and develops a principles and methods framework which is tested for 

implementation, and examined for ecological efficacy through the monitoring of comparative 

catchments.  

This is a multifaceted thesis, each part building sequentially upon those preceding. The four parts of 

the thesis contribute to the creation and testing of an alternative approach to urbanisation that is 

expected to reduce adverse environmental effects. One of the early facets is to provide evidence of 

the appropriateness of the catchment as the primary spatial unit of urban design and management 

for advancing ecological sustainability.  The catchment then becomes the context for development 

of policy and methods of urbanisation, that is, a policy framework for LIUDD, the implementation 

of which is expected to achieve a demonstrable improvement in ecological sustainability within 

greenfield and brownfield urban developments of varying densities. The latter part of the thesis 

investigates through case studies LIUDD efficacy in contributing to aquatic and terrestrial 

ecosystem sustainability and functionality in countryside living and residential catchments.  

The direction and form of the thesis has come out of the author’s Auckland background as an 

aquatic ecologist in regional planning practice and integrated catchment management research 

followed by a period as an environmental consultant. This grounding was followed by appointment 

to an academic position in a University planning programme within which the above areas of 

experience were applicable. This range of experience, and an awareness that most aquatic 

ecosystem degradation is a result of land use and infrastructure decision-making and management, 

led to development of the thesis topic as part of the LIUDD programme described below. The next 

section provides an overview of the context and knowledge foundation of the thesis topic.  
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1.2 Thesis context and rationale 
 
This thesis was supported by the LIUDD research programme1. The six year programme (2003 - 

09), funded by the New Zealand Foundation for Research Science and Technology (NZFRST), had 

the objective of improving the uptake of ‘low impact’ practices in New Zealand. It had a particular, 

but not exclusive, focus on the built environment. Led by Landcare Research Ltd (LCR), the 

research team was drawn from several public institutions and private companies encompassing 

researchers with expertise in environmental sciences, engineering, social sciences, economics and 

planning. The University of Auckland was a major subcontractor. 

The LIUDD approach evolved from origins in Low Impact Development (LID), an alternative 

approach to stormwater management in North America, and from Water Sensitive Urban Design 

(WSUD) in Australia and has incorporated aspects of a range of other approaches such as 

Conservation Design for Subdivision (Arendt, 1996) and sustainable development (PCE, 2002).  

The LIUDD research programme had five primary objective strands including: 

• Getting buy-in: overcoming social and institutional barriers; getting buy-in from urban 

professionals, Māori and communities so that they embrace LIUDD planning, design, 

policy development, implementation, management and maintenance (CUES, 2005a; 2002); 

• Testing the performance of stormwater treatment devices and adapting them to be 

functional in the New Zealand context using local materials and plants; understanding 

performance, maintenance and costs; assisting with development of guidelines and codes 

of practice for construction and use of devices (CUES, 2005b; 2002); 

• Establishing the performance of LIUDD neighbourhoods and urban catchments: learning 

from previous and current New Zealand and overseas case studies; the use of models for 

predicting impacts; catalysing exemplar developments for sustainable neighbourhoods; 

working within local multi-stakeholder processes to facilitate local uptake in catchment 

scale and context; optimising use of stormwater treatment-trains in stormwater 

management; establishing whether a holistic approach to stormwater management, 

designing in biodiversity and  amenity can be implemented in a neighbourhood  

development; comparing environmental, social and economic data from LIUDD 

neighbourhoods with conventional neighbourhoods  (CUES, 2005c; 2002); 

• The economics of LIUDD: quantifying the private and public benefits and costs of LIUDD 

at different spatial scales, that is, household, neighbourhood and catchment; evaluating 

                                                
1 Further details on the Programme are available on the LIUDD website (LCR, 2009). 
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alternative funding mechanisms and institutional arrangements to maximise community 

benefit from urban development (CUES, 2005d; 2002); 

•  Changing plans and practice: developing, testing and implementing guidelines for LIUDD 

in regional and district/city planning; identifying vehicles for most effective short, medium 

and long-term science-to-management links; developing a national strategy and processes 

for transitioning and implementing LIUDD; developing tools to assist in the evaluation of 

current practice in New Zealand  (CUES, 2005e; 2002). 

Although the thesis is New Zealand-focused, some international lessons and case studies are also 

drawn upon. The focus of this thesis relative to, and within, the physical and ecological dimensions 

of the LIUDD research programme and 3-waters infrastructure provision, is shown in Figure 1.1.  

Providing a further context for the thesis are several professional practice fields that are closely 

interrelated or nested with sustainability objectives. The breadth and inclusiveness of LIUDD was 

constrained by the research brief agreed upon by the research funding organisation. Structure 

planning is a design approach, used by councils in New Zealand, to illustrate the intended spatial 

layout and associated infrastructure for new urban areas. Structure planning, and Integrated 

Catchment Management (ICM), are complementary practices. Structure planning in the past has 

been carried out mainly within a neighbourhood framework but is increasingly using the catchment 

as the design unit. Each of these practices is addressed, as outlined below, both separately and in 

relation to each other within this thesis. Thesis research questions determine the degree to which 

each practice field is addressed. Structure planning is discussed within case studies where it merges 

with LIUDD and ICM. Sustainability forms part of the context discussed in the following chapter.  

 
1.3 Knowledge foundation: justification for LIUDD principles and methods 
 
Section 1.3 introduces the adverse effects of conventional urban development upon urban ecology. 

The section explores links between urban form characteristics and ecosystem state, and the drivers 

(both social and ecological) for changing current approaches to urbanisation. Understanding causes 

and effects is essential for planned avoidance through modified urban design, construction and 

management. It is the awareness of these effects and avoidance techniques that determines 

inclusions in the policy and methods framework for LIUDD developed in Chapter 4. Additional 

contextual research on aquatic ecosystem responses to conventional urban development, are 

outlined in the introduction to Part 3 of this thesis. This background will clarify the current 

knowledge base from which arose the research questions. 
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Figure 1.1: The catchment context for the implementation and monitoring of LIUDD 
showing the physical and ecological foci of the LIUDD Programme. The focus of this 
thesis is shown in bold. 

 

1.3.1 Urban ecology, biodiversity and ecosystem processes 

Urban ecology is about the underlying face and fabric of the city – the landforms, waterways, 

habitats, vegetation, biological diversity and all the ecological processes that help the city function 

(van Roon and Knight, 2004). The management and maintenance of ecosystems and biodiversity 

might better be focused on the ecosystem processes and ecological cycles that make life possible for 

all living things including humans. The interdependence of ecosystem processes and biodiversity 

has been recognised for a long time (Talbot, 1997) but this has yet to be fully realised in 

Defining LIUDD. Catchment land and 
water use planning and management. Urban 
water cycle management. Changing urban 
form, reducing impervious surfaces. 
Increasing vegetation for evapo-
transpiration and biodiversity enhancement. 
Changing road corridor design. 

Stormwater infrastructure - Designing, 
constructing and testing technologies and 
LID stormwater networks 

Monitoring of LIUDD benefits: 
hydrological gains; ecological gains –
riparian and in-stream; water quality 
gains; economic and amenity gains. 

Estuary or lake – assumed improvement as a 
result of the above. 

Overwhelming current 
engineering sector focus and 
strength – origins of LID. 
LIUDD programme focus on 
proving technologies work 

Major LIUDD programme 
focus – driver of stormwater 
generation and urban 
sustainability.  

Past focus by Regional 
Councils were not LIUDD 
targeted. Major focus of the 
LIUDD programme. 

Little focus on this by the 
LIUDD programme but an 
essential bottom-line 
rationale for LIUDD 
implementation. 

Integrated catchment based infrastructure 
planning, design and construction of water 
supply and sewerage systems to improve 
sustainability. Road construction. 

Essential for success of 
LIUDD but not implemented 
by LIUDD programme.  
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management systems. As the term biodiversity gained prominence, this too was seen as part of 

‘conservation’, and therefore something separate from day-to-day human existence (van Roon and 

Knight, 2004). Living organisms’ variety and vitality are both an outcome of biotic integrity, and a 

contributor to it. Biodiversity is not something that is placed over an ecosystem but rather it is the 

structural framework (van Roon and Knight, 2004). While ‘conservation’ traditionally has involved 

setting aside nature reserves, biodiversity management involves whole ecosystems (Smith and 

Smith, 1998; Ostfeld et al., 1997).  Such ecosystem management, as a conservation strategy, 

requires consideration of populations, species, communities, ecosystems and landscapes, as well as 

economic and social systems (Ostfeld et al., 1997) – in other words, bioregional management 

(Miller, 1996). Conservation (biodiversity) management involves all terrestrial and aquatic systems, 

not just ‘nature reserves’ (van Roon and Knight, 2004). Ecosystems provide ‘services’ to humanity 

(UNDP et al., 2002; Patterson and Cole, 1999) including water storage and cleansing, temperature 

control and air quality, soil health, pollination, erosion control, and the provision of raw material for 

agriculture, horticulture and pharmaceuticals. Such services depend upon biodiversity, and in turn, 

biophysical cycles and ecosystem integrity (van Roon and Knight, 2004). 

Urban ecology is not just about preserving trees or habitat remnants or even about restoring them; 

but rather it is about restoring ecological functionality to established parts of the city and also about 

designing new parts of the city in a way that preserves the underlying ecological processes. 

Ecosystems are not separated units appended to the physical and chemical environment but rather 

they are themselves intimate internal linkages and lifelines inherent to the whole system which keep 

it cycling. Without these living components the physical and chemical environment would change 

radically. This is why in the development of the LIUDD principles in Chapter 4 priority is given to 

working with nature’s cycles within catchments. 

Biodiversity management involves whole ecosystems (Smith and Smith, 1998) and biodiversity is 

both an outcome of, and essential to, ecosystem integrity. Both biodiversity and ecosystem integrity 

are required by the New Zealand Resource Management Act, 1991 (RMA), to be maintained. 

Slowly, western society is moving away from a century of conservation dominated by the 

establishment and maintenance of reserves, such as the neighbourhood park, as the sole means of 

protecting populations of flora and fauna. There is a realisation that such reservation is 

complementary to maintaining ecosystem functionality in all human-dominated ‘working 

environments’, including urban areas (Ministerial Advisory Committee, 2000a; 2000b). 

Biodiversity destruction is too prevalent in these ‘working environments’ to be compensated for by 

total protection in just a small proportion of ecosystems nationwide. Ecological health, which is 
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supportive of high biodiversity values, is an inherent expression of the functionality of diverse 

environments including urban and peri-urban areas discussed in this thesis.  

1.3.2 Disruption of ecological functionality during urbanisation 

Cities need to be not only socially and economically secure; they need to be ecologically secure 

(van Roon and Knight, 2004). Conventional approaches to urbanisation destroy and disrupt 

ecological processes and annihilate ecosystem components. Ironically these same cities are very 

dependent upon the same ecosystem services (UNDP et al., 2002) and processes for the supply of 

clean water, air and food, the processing and adsorption of wastes, the provision and nourishment of 

suitable plants for city landscaping, and the maintenance of natural environments needed for 

recreation and mental revitalisation. The techniques needed to maintain these ecosystem services in 

LIUDD case studies will be demonstrated later in this thesis. 

Conventional urbanisation in New Zealand has typically followed pastoral farming that resulted in 

forests being felled and wetlands being drained. In some locations secondary patchy scrub or forest 

re-growth preceded redevelopment. This pre-urban terrestrial ecological condition is very variable, 

and in the New Zealand context it is typically already in a degraded condition resulting from up to a 

century of pastoral or other farming. In general this pastoral land has a hydrological regime that 

although modified from that of forested catchments is more natural than that of conventional urban 

catchments. Following forest felling or pastoral use of land prior to urbanisation, small fragmented 

forest habitat patches, most of them too small to have a central core free of ‘edge effects’ (Young 

and Mitchell, 1994) are likely to be the most that remain of pre-human forested landscapes. 

Environments that are potentially hostile to mobile species isolate these patches. Forest continuity, 

connectivity and maturity have typically been lost. The potential of LIUDD re-vegetation to provide 

linkages across these patchy regional landscapes is explored in Chapter 10. 

Pre-urban terrestrial biodiversity is decimated by the conventional strip, scrape and re-contour 

approaches to urbanisation. In some countries where forest is the common pre-urban condition, 

tree-loss is significant. For example, in the United States of America, development in the 

Philadelphia region has resulted in the loss of 46 million trees in 15 years including a 24 percent 

decline in tree cover in fast-growing Chester County (Avril, 2003). In the Puget Sound watershed in 

King County, Washington, there was a 37% decline in forest cover as a result of urban growth in 

Seattle over the period 1972 to 1996. Using Zero Impact methods (similar to LIUDD methods) as 

proposed by Holz (2002), with the retention of 65% forest-cover, much of this could have been 

prevented. 

In addition to the removal of pre-urban vegetation cover conventional urbanisation has resulted in 

streams being piped, and the reworking of the earth’s surface results in a new contour underlain by 



 7 

soils that have lost much of their structure, organic matter and micro-organisms (Simcock, 2009). 

The initial disruption to ecosystem functionality has typically been followed by an overlaying of the 

site with an artificial carpet of buildings, impervious surfaces, lawns, and gardens dominated by 

exotic plants and, more recently, mulch covered geo-textile weed mats. This replacement land cover 

behaves very differently, in both ecological and hydrological terms, from the original natural 

landscape. Landscaping, until recently in New Zealand cities, has been dominated by a ‘lawn plus 

isolated trees and flower beds’ style that takes its cue more from colonial English parklands than 

from New Zealand’s indigenous ecology. In low-density cities the planting of the urban 

monoculture we call lawn to complement exotic tree species makes a masterly contribution to the 

ecological impoverishment of traditional urban environments (van Roon and Knight, 2004). 

Since European settlement in New Zealand over 2,500 exotic plants had become weeds by the late 

1990s (Buddenhagen et al., 1998) and these continue to compete for habitat with native plants, 

particularly on the periphery of towns and cities. Native plant species in the Auckland area are out-

numbered more than 2:1 by naturalised non-native species (Sullivan et al., 2009). Many of these 

exotics, once popular for new garden-plantings, are found still in urban gardens (Lee et al., 2001). 

For these reasons LIUDD methods (Chapter 4) prioritise the use of plants indigenous to New 

Zealand. 

Increasingly large houses, roads, driveways and parking lots dominate the urban landscape. These 

increase the proportion of each urban catchment in impervious surfaces that starves permeable soils 

and aquifers of vital water recharge, and necessitates the discharge of excessive quantities of 

contaminated stormwater (ARC, 2005b) through complex infrastructure to streams, estuaries and 

lakes. Gardens tend to be defined by concrete strips that prevent entry of rainwater from overland 

flow (van Roon, 2005), thereby aggravating the soil water deficit, which needs to be balanced by 

the application of potable-quality water from a reticulated supply. Meanwhile benthic sediments in 

wetlands, estuaries and lakes become the repositories for cumulative and persistent contaminants 

such as heavy metals and hydrocarbons (ARC, 2005b). Evidence already exists of the efficacy of 

some individual methods to reduce these adverse effects. This thesis will investigate the concurrent 

application of complementary methods to reduce cumulative effects on hydrological regimes, and 

on the condition of soils and receiving waters. 

1.3.3 Drivers for change in the urbanisation process 

A range of biophysical symptoms of ecological urban malfunction has been documented (van Roon 

and Knight, 2004). These along with the preferences of the community for a clean and functional 

natural environment are the drivers for changes to be made in the way in which urban and semi-

urban environments are sited, designed, constructed and maintained. The prominence of drivers 
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varies with geographical location, the vulnerability of the local ecology and local resource 

availability. The drivers include disruption of water, soil and nutrient cycles resulting in 

environmental damage from the mobilisation of either too much or too little of one of the affected 

resources. This leads to excesses of, for example, erosion, flooding, sedimentation, drought, 

contamination, deforestation and eutrophication, all of which degrade ecological and urban 

functionality, reduce biodiversity, and generate quadruple bottom line costs. The appropriateness of 

a catchment as the context within which to understand and manage these processes is explored via 

case studies in Chapter 3 of this thesis.  

The degree to which diverse chemicals alter the functioning of an ecosystem within a catchment 

depends upon many factors such as solubility, biological availability, concentration, the 

environmental media within which the chemical circulates, and the receptiveness of individual 

organisms.  Water is a carrier for both soluble and particulate contaminants that accumulate in 

catchments and are subsequently conveyed to rivers, wetlands, lakes and harbours where they 

accumulate in fine sediments or within the tissues of aquatic organisms. The hydrology of 

catchments is therefore a strong determinant of contaminant transfer throughout the system. 

Changes to hydrology and contaminant supply operate synergistically and additively to accelerate 

adverse effects upon receiving water ecosystems.  

Imperviousness combined with loss of natural levels of evapo-transpiration of stormwater lead to 

hydrological changes that in turn give rise to adverse sedimentary and ecological effects. Higher 

and earlier peak storm discharges facilitate the transfer of fine sediments and toxins from streets, 

roofs and paved surfaces to aquatic ecosystems (Herald, 2003) and cause increased downstream 

flooding. These hydrological changes also impact stream and river ecosystems by lowering summer 

stream base flows and increasing stream bank erosion that in turn increases downstream 

sedimentation. An understanding of all the above processes is necessary for the identification or 

design of LIUDD methods and devices to minimise adverse effects. There is a loss of aquatic 

ecological function in receiving waters of catchments subjected to degrees of human disturbance 

varying from light recreational use of forested catchments to high-density urban use, with 100 

percent effective2 impervious surfaces. Changes to the hydrology and chemistry of catchments 

produce some of the most significant adverse ecological effects.  

Diverse chemical changes result from the use of fossil fuels. Contamination and dependence upon 

fossil fuel energy consumption are inseparable foundations of modern society and therefore 

ecosystems, as they existed prior to human industrialisation, incorporated far fewer complex 

                                                
2 Effective impervious surfaces have a connection to natural receiving waters that is unbroken by pervious 
and vegetated surfaces.  
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substances than they do today. This was true of both individual organisms and of the physical 

environments within which they lived. As explained by Collins (2001) nature accomplishes a 

multitude of biochemical processes with very few environmentally common elements, whereas 

man-made technologies distribute throughout the environment persistent pollutants that are toxic 

because they contain elements used sparingly or not at all in biochemistry (Collins, 2001). 

Fossil fuel derived and human synthesised industrial contaminants are not the only means by which 

the chemistry of catchments is disrupted. Urban ecological problems concerned with the plant 

nutrients, nitrogen, carbon and phosphorus among others, are a product of the way in which cities 

are designed and built, and the way in which people live in them. Meanwhile the cycling of these 

plant nutrients within an ecosystem determines ecosystem productivity and health. The containment 

of nutrient cycles in the local area by nature is not mimicked by urban practices. Inputs and wastes 

from human processes are carried across natural boundaries creating localised imbalances. 

Waterborne wastes concentrated in one catchment for example may be discharged to waterways or 

applied to land in another catchment. This nutrient transfer creates undesirable imbalances in 

ecosystem chemistry and biological diversity resulting in degraded aquatic ecosystems with 

lowered aesthetic and biological values and reduced abilities to support ecosystem services. Plant 

nutrient imbalance has steadily worsened with the generations leading to the eutrophication of 

receiving waters and nutrient deficiencies in local soils (van Roon and Knight, 2004). Urban use 

also affects the carbon base of ecosystems through the burning of fossil fuels for transport and the 

removal of vegetation. 

1.3.4 Measuring catchment-wide ecological health using receiving water indicators 

Aquatic ecological functionality is complex and difficult to quantify. If it were to be measured by 

the normality of the state and function of geophysical and chemical processes, extensive and 

complex datasets would be required for both sediments and water in every waterway. The presence 

and health of organisms in waterways, such as rivers and streams, can be used more simply as a 

direct measure of the health of a waterway. The condition of sedentary, or at least territorial, 

organisms provides a time-integrated indication of physical and chemical conditions and habitat 

availability in the water body. As conditions in the water body in turn reflect the health of the 

waterway catchment, and the acceptability of discharges from that catchment, waterway organism 

health is a measure of the functionality of the whole catchment.  

Downstream effects do not end with river ecosystem effects in island nations like New Zealand, 

where almost every river system discharges to the coast. This is the site of chronic accumulation of 

stormwater toxins in benthic harbour sediments and near-shore marine food-chains (Williamson et 

al., 2003). Research undertaken for the Auckland Regional Council (ARC) on concentrations of 
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stormwater toxins in the Region’s harbours shows that some heavy metals in benthic sediments are 

currently in the ‘ecological effects range medium’ and projected to reach ‘ecological effects range 

high’ between 2030 and 2050 (ARC, 1999a) assuming that there is no reduction in harbour inputs. 

There is a high probability that should this come about Auckland’s near-shore marine fisheries and 

biodiversity will be severely impacted. This is one of the strongest drivers for changing our 

approach to urban design and stormwater management in the Auckland Region. The successful 

arrest and reversal of current accelerating accumulation trends for marine toxins requires integrated 

professional and institutional efforts well beyond stormwater management.  

It is for this reason that ‘low impact’ approaches discussed throughout this thesis have needed to be 

integrated into the wider objective and methodologies of sustainable urban design and development. 

As indicated above, most of the aquatic ecosystem degradation and destruction can be traced to the 

hydrological and chemical flow-on effects of radical land-cover change brought about by 

urbanisation.  

1.3.5 Recent and current responses to ecological degradation 

The disruption of ecosystem processes by urbanisation indicates the need for radical change to more 

ecologically sustainable approaches outlined and tested in this thesis. As discussed in section 1.3.1, 

conservation efforts have moved on from total dependence upon reserves, particularly terrestrial but 

also marine, as an insurance against biodiversity loss. In addition, normal living environments are a 

focus of biodiversity maintenance and even restoration. In order to achieve this, solutions are being 

sought to the ecological degradation that typically occurs as a result of the way these working 

environments are designed, built and maintained. This necessitates a move away from a traditional 

design model and the ‘European garden’ mentality to rural-residential and urban forms that 

prioritise indigenous ecosystem functionality along with social, cultural and economic functionality. 

An emphasis on achieving a design that is uniquely New Zealand in terms of cultural and ecological 

expression does not however preclude the opportunity to learn from international experience, 

particularly in the areas of urban intensification (Europe) and the management of the water cycle 

(Australia). 

A primary ecological objective in any new approach to design is to build or rebuild urban areas for 

reversing the current decline in biodiversity in New Zealand. Urban biodiversity decline is linked to 

habitat damage by destruction, fragmentation, exotic invasion or contamination, and disruption of 

water, soil and nutrient cycles (van Roon and Knight, 2004). These are closely interlinked. In order 

to break the linkages between these negative outcomes and development there is a need to re-

examine the location, ground layout, servicing, landscaping, infrastructure requirements and 

construction materials in urban areas. The author questions entrenched assumptions about: the 
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necessity of allowing urban uses in vulnerable catchments; streets wider than needed for the traffic 

flows accommodated; unbroken curb and channel street edges; stormwater conveyed through pipes 

only; lawns larger than residents desire or use; unlimited importation of decorative exotic plants; 

single sprawling rather than two or three storey small-footprint dwellings; and the mixing of human 

waste with water. The answers to these questions help shape the LIUDD principles and methods 

presented in Chapter 4. 

1.3.6 Meeting community expectations of a clean and functional environment 

With the majority of New Zealand people living in urban environments there is a need to ensure 

that their lives are engaged with nature and that natural processes are harnessed to optimise urban 

services, recreation and amenity. Some examples of these urban services are stormwater prevention 

and processing; generation and natural cleansing of an abundant water supply; liquid and solid 

waste decomposition; maintenance of soil structure and health in food production areas; 

maintenance of a healthy and productive habitat for kaimoana (seafoods); and the naturalisation and 

beautification of living and recreational environments.  

Urban New Zealanders expect to be able to swim with minimal health risks; collect and safely eat 

shellfish and fish; enjoy the abundant and diverse plant and animal life on land, in streams and in 

coastal waters; live without fear of flooding or property erosion; support water-related commercial 

and recreational activities that benefit the region economically; and enjoy the beauty and amenity of 

marine and freshwater environments (PWC, 2004). As sound conservation and management of 

ecological processes determine such desired outcomes, these will be prioritised in the development 

of LIUDD principles and methods in Ch. 4.  

An Auckland regional perspective on why stormwater is important, and how the management of 

stormwater is essential to achieving the desired outcomes of the Auckland Regional Growth 

Strategy (ARGF, 1999) was provided by Price Waterhouse Ltd. and the Territorial Authorities 

(PWC, 2004). The high esteem that Auckland residents hold for their waterways and coastline 

along with the threat and cost of lowland flooding are the drivers for high quality stormwater 

management. The public understands issues such as flooding much better than contaminant effects. 

The concern is not just the primary biophysical effects of stormwater impacts but also the social and 

economic consequences of these effects. There are clear linkages between the ability to control the 

long-term accumulation of stormwater contaminants in New Zealand’s and particularly Auckland’s 

waterways and the ability to achieve desired policy outcomes such as those of the Auckland 

Regional Growth Strategy (ARGF, 1999), which  is under review. Attracting a skilled work force 

and new business to the Auckland Region has been related (PWC, 2004; MED, 2002) to how 

attractive the Auckland lifestyle is and this is strongly correlated with the outdoor recreational 
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opportunities and amenity offered by the Region’s coastal setting. For this reason therefore the 

Regional Growth Strategy identifies the protection and the maintenance of the character of the 

Region’s natural environment, including the maintenance and improvement of water quality in 

streams and coastal waters, as essential regional outcomes for the Region’s growth.  

In chapters 3 and 10 the need for ICM of the Region’s prime natural assets such as the Hauraki Gulf 

is discussed. This in turn is related to catchment based avoidance and treatment of stormwater 

conveyed contaminants from the eastern half of the Region where LIUDD approaches are being 

attempted in greenfield sites such as Long Bay and Flat Bush, as discussed in later chapters. 

The maintenance of ecosystem services described at the beginning of section 1.3.1 is central to the 

Principles of LIUDD developed as part of this thesis and presented in Chapter 4. Stormwater 

ecosystem services are particularly important. In the case of aquatic ecosystems, Price Waterhouse 

Ltd and Territorial Authorities (PWC, 2004) believe it is important that any programme for 

stormwater management is consistent with the desired outcomes identified by the community for 

the receiving environments, as any outcomes that significantly exceed or fail to meet the 

expectations of the community will result in the misallocation of resources. 

1.3.7 Avoidance versus treatment  

There is a growing awareness in the urban design and management professions in New Zealand that 

avoidance of adverse environmental effects is more successful if developments are matched to 

appropriate sites linked also to good sustainable design, rather than depending upon remediation or 

mitigation alone. This moves the focus for prevention from the individual site or water body to 

large catchments and regions. 

In addition, the stormwater-management profession internationally has responded to research, 

undertaken in the northwest states of North America, which has also moved the focus from the 

waterway itself to the whole catchment and led to the development of stormwater devices to treat 

stormwater at source. (This is discussed in the introduction to Part 3 of this thesis.) The burst of 

activity associated with this technological development and application began in the late 1990s to 

change ‘normal practice’ in stormwater management in parts of the western world. The new toolbox 

and practices of at-source control became known as Low Impact Design (LID) in the United States 

(Coffman, 2000), Water Sensitive Urban Design in Australia (Lloyd et al., 2001), LID in New 

Zealand (Shaver, 2000) and latterly Sustainable Urban Drainage (SUD) in the United Kingdom 

(Shaffer, 2005). Engineering approaches to at-source control have reduced and will increasingly 

reduce stormwater effects in a few places, however this is insufficient. Greater gains in ecosystem 

protection both aquatic and terrestrial need to be made by urban designers and planners initiating 
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the next steps involving change to the location, layout, design and vegetation patterns of urban 

areas.  

The greatest gains in protecting ecosystems are made during the choice of appropriate locations for 

urbanisation. This is given high priority in the hierarchy of principles and methods for LIUDD 

developed in Ch.4. Alternative sites for different types of development can be ranked according to 

the degree of inevitable change likely to be caused to natural processes. The need to protect the 

natural environment can be fairly weighed up in relation to economic and social incentives for 

developing a particular site. Urban planners would do well to avoid locating development in sand 

dunes, wetlands, steep catchments of valued estuaries, and areas that drain to any poorly flushed 

enclosed waters.  

Where social and economic determinants force the need to develop sensitive sites, design, such as 

that described in Chapter 4, plays a vital role in reducing effects of development upon natural 

processes. This is no substitute for avoiding the most sensitive sites in the first place. Although this 

is a sound approach for new development the question remains as to what can be done to remediate 

or mitigate ecosystem malfunction in existing urban environments. Diverse tools can be used in 

most existing developed areas to reduce the inevitable adverse effects of past mistakes upon 

hydrology, sedimentation, contaminant accumulation and ecosystem destruction. Such methods 

usually involve an “ambulance at the bottom of the cliff” approach whereby eroded soils or 

excessive runoff, are contained to reduce the consequences for downstream ecosystems or human 

habitations. For example, stormwater treatment devices retrofitted into old urban areas. Because 

such methods are relatively ineffective and very expensive it is vital that the above methods of 

avoidance and good design are applied to prevent adding new developments to the stockpile of old 

style developments that need to be serviced in this way.  

Mitigation is not all that is possible in brownfield areas. Redevelopment of brownfield areas occurs 

piecemeal over long periods of time. This provides opportunities to reconstruct successive small 

neighbourhoods in a style that is more ecologically sustainable. Over time, the proportion of a 

suburb or catchment that has been re-constructed in this style will increase thereby contributing 

positively to the long-term cumulative improvement of local ecosystems. Now that the 

consequences of conventional urbanisation have been clarified the following sections will outline 

the primary research questions and the structure of the thesis. 

 
1.4 Thesis research questions, methodology and structure 
 
The aims of the research can now be further expanded into research questions that will be 
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investigated using the methods outlined in Section 1.4.2 and reported in thesis chapters as outlined 

in Section 1.4.3.  

1.4.1 Research questions 

• Is the catchment an appropriate spatial framework for LIUDD?  

• How should LIUDD be defined?  

• How to develop a policy and management framework for the optimisation of ecological 

sustainability in a catchment context? 

• How to define a hierarchy of principles, sub-principles and methods that provide guidance 

for the implementation of LIUDD? 

• Can current greenfield and brownfield developments be used to demonstrate how these 

principles and methods can be applied to achieve at least partial implementation of 

LIUDD?  

• To what degree can LIUDD, ICM and structure planning be integrated? Is there evidence 

of sequential learning across such case studies? 

• What contributions can LIUDD make to improved aquatic and terrestrial ecosystem 

sustainability and functionality in residential catchments? 

1.4.2 Methodology 

The methodological approach used in this thesis is summarised in Figure 1.2. This thesis addresses 

the seven research questions by drawing on leading-edge research to improve urban design, 

construction and management practice. The justification for the research questions came from a 

review of previous research literature (Sections 1.2, 1.3; van Roon and Knight, 2004) that 

demonstrated the adverse aquatic ecological effects of conventional approaches to urbanisation and 

identified biophysical symptoms of ecological urban malfunction. An investigation into the 

potential for conflict between these effects and the community’s vision for an ecologically 

functional environment that fulfills expectations for ecosystem services, biodiversity, food supply, 

recreation, amenity and landscape, supports the need for an alternative approach to urbanisation.  

The complexity, interconnectedness and interdependence of the natural and built environments 

necessitated an understanding of the inter-related paradigms and theories of holism, ecocentrism, 

complexity theory, and systems management.  These in turn could be considered to be highly 

applicable to sustainable development and sustainable management, which were discussed in 

relation to the statutory context for planning in New Zealand, and the New Zealand Sustainable 

Programme of Action.  
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Complex, holistic systems-management approaches necessitate identification and application of a 

suitable spatial framework for problem solving. Investigation into the appropriateness of the 

catchment as that spatial framework led to a review of international methods for ICM and their 

adaptation to the New Zealand context. Appropriate examples of ICM in New Zealand that 

demonstrate the effectiveness of the catchment as a framework for understanding causal 

relationships and avoiding adverse effects upon ecosystems were reviewed. Lessons from these 

cases were used to justify ICM as the critical framework upon which LIUDD is based. 

The application of the knowledge base of Chapter 1.3 within a context of the paradigms of Chapter 

2 enabled the defining of the practice of LIUDD. Although this was initially descriptive much 

greater detail was conveyed by the drafting of a planning framework that included a hierarchy of 

principles, sub-principles and methods framed within the catchment context justified in Chapter 3. 

This LIUDD framework was then used to test the degree to which a diversity of developments, or 

redevelopments achieved outcomes sort by LIUDD. These tests were also used to reveal 

inadequacies and omissions from the LIUDD principles and methods.  

An investigation was then undertaken into the application of LIUDD principles to structure 

planning in the ICM context and sequential learning that arose from that. This was done first by 

analysing urban examples where structure planning and ‘low impact’ approaches have been merged 

and applied by city councils (Long Bay and Flat Bush), and second, by participating in, and 

reporting on, a structure planning process for rural-residential development options for Taupo West. 

The time lag for the conversion of science research findings on aquatic ecosystem degradation into 

policies and rules within statutory planning documents for the related catchment are of concern and 

were investigated using another case study. 

In order to investigate the ecological efficacy of varying degrees of LIUDD implementation at 

countryside living and residential densities, comparative catchment studies were carried out. This 

necessitated the identification of suitable sub-catchment clusters. Clusters were chosen to enable a 

comparison of a ‘low impact’ approach applied sub-catchment-wide to conventional development at 

the same or similar housing density. Methods for this part of the thesis have been presented in 
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greater detail in Chapters 7 to 9. Key features of each sub-catchment within clusters needed to be 

characterised in order to demonstrate the degree of LIUDD implementation. These features 

included land-cover, percentage effective imperviousness, proportion of properties connected to 

Figure 1.2: Research tasks in this thesis that address the research questions outlined 

in section 1.3.1. The inter-relationships between research tasks in this thesis is 

indicated by arrows and chapters are identified within which results for each task 

are reported.  

 

 

 

 

 

 

 

 

 

 

Review literature to establish ecological drivers for change to conventional urbanization. 

Define thesis research aims, objectives, methods and structure to address urbanization issues 

identified as requiring change – Chapter 1. 

Document theoretical and practical context of research in ecocentrism, holism and SD – Chapter 2. 

 

Outline methods for ICM and use NZ examples to demonstrate effectiveness 

of ICM to facilitate understanding of causal relationships in ecosystem 

degradation and recovery. Justify use of ICM as framework for LIUDD. 

Examine timeframe for conversion of science to policy – Chapter 3. 

Define LIUDD using ICM as a foundation. Develop a 

hierarchy of principles and implementation methods 

for LIUDD – Chapter 4.  

Test the effectiveness and uptake of 

LIUDD Principles and Methods by a 

range of different development types in 

NZ, Australia, Europe. Use cases to find 

omissions and inaccuracies – Chapter 5. 

 

Critique, and assist in, application of LIUDD Principles 

to Structure Planning in the Integrated Catchment 

Management context. Demonstrate sequential learning. 

Use lessons to further refine principles and methods – 

Chapter 6. 

 

Test ecological efficacy of uptake of LIUDD techniques in low 

and medium density residential catchments. Use lessons to 

refine LIUDD methods – Chapter 7-9. 

Discuss the potential of LIUDD for the achievement of urban ecosystem 

sustainability at catchment and regional scales – Chapter 10.  

Conclusions – Chapter 11. 
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stormwater pipes, soil type, slopes, vegetation types, riparian vegetation density, biomass and 

species dominance, riparian forest width, and the proportion of each sub-catchment in wetland or 

forest, as well as the proportion of riparian vegetation that is indigenous. Within each sub-

catchment indicators of stream ecology including Macroinvertebrate Community Index MCI), and 

Ephemeroptera species were monitored in order to provide for an assessment stream ecosystem 

condition. Limited water quality monitoring was undertaken at the time of ecological sampling of 

parameters considered potentially limiting to indicator presence. The information so collected was 

interpreted, in the context of Auckland Regional data, to provide an insight into stream ecological 

condition in relation to LIUDD characteristics of sub-catchments. The lessons from the above 

research activities were then integrated to provide an understanding of how to implement LIUDD 

for positive gains in ecosystem health in greenfield (and brownfield) urban developments and 

across regions within New Zealand.  

1.4.3 Thesis Structure 

The thesis is divided into four parts to create a better understanding for the reader. Parts assist the 

reader in moving through a journey from the context (Part 1) to strategic planning and 

implementation (Part II) to monitoring (Part III) and finally to a synthesis of findings (Part IV). 

Chapters are clustered to draw attention to their common objective, which is outlined in the 

introduction to each part. The section that follows indicates the focus of each of the parts and 

chapters. 

 

Part I: Theory and Spatial Scales  

Chapter 2: Theoretical and Statutory Context 

In this chapter the theoretical context of this thesis with respect to holism, ecocentrism, the systems 

approach and sustainable development is discussed. Preventing or remedying cumulative ecosystem 

degradation within catchments requires a system-wide approach that is holistic and operates within 

ecosystem processes. Therefore it is holism and ecocentrism, the key paradigms that shape both the 

need for and use of a catchment-wide LIUDD approach that are discussed in a New Zealand 

cultural and social context in this chapter. This has required an examination of both the alignment 

of ecocentrism and Māori values, and the receptivity and adaptability of New Zealanders to 

supporting or even demanding ‘nature in the city’. Māori concepts of ‘whakapapa’3 and 

‘kaitiakitanga4’ are both holistic and ecocentric concepts based on the interconnectedness of all 

                                                
3 Whakapapa: genealogy, ancestry, and identity with place, hapu, and iwi. Whakapapa transcends the Māori 
world and evidences the relatedness of all things. 
4 Kaitiakitanga: the obligation of whanau, hapu, and iwi to protect both the physical and spiritual well-being 
of taonga (things of value) within their mana (control). 
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components (living and non-living) of the natural world. As LIUDD makes a contribution towards 

the process of sustainable development the international understanding of sustainable development 

and the New Zealand hierarchy of sustainability initiatives are also explored. The statutory basis of 

planning in New Zealand is explained as the context within which the LIUDD principles and 

methods developed in this thesis are to be implemented. 

Chapter 3: Integrated Catchment Management as a framework for sub-regional sustainable design, 

development and management 

Within Chapter 3 the appropriateness of the adoption of ICM as a suitable spatial unit for LIUDD is 

investigated. A ‘common model’ methodology for ICM adopted from international practice is 

described, and the need for local adaptation of the model is explored. New Zealand examples where 

catchment management has been used successfully in planning as well as engineering contexts are 

reviewed. Within the chapter case studies are used to demonstrate how ICM has been used as the 

framework for drainage infrastructure design and reassessment; for informing site selection or 

design of future urban areas using structure plans; to assist councils in the review of plans; and in 

the formulation of management priorities for mixed rural-urban catchments. All of the above are 

key methods for arresting or avoiding ecosystem degradation from urban development. New 

Zealand ICM examples where science has been used to inform plan making are reviewed including 

one case where delays have been costly to ecosystem health. Chapter 3 provides the justification for 

ICM as a keystone of the LIUDD approach and principles that follow in Chapter 4.  

 

Part II: LIUDD Principles, Methods and Their Application 

Chapter 4: Development of a Definition, Hierarchy of Principles and Implementation Methods for 

Low Impact Urban Design and Development  

LIUDD is unique to New Zealand and largely defined by the author as presented in this Chapter. 

Following definition the relationship of LIUDD to other closely related practices internationally and 

in NZ is discussed5. A hierarchy of principles is formulated and each principle is supported by a 

rationale for formulation and appropriate implementation methods. The primary principle requires 

LIUDD to use the catchment as the design and management context thereby building on the case 
                                                
5 The author wrote most of the LIUDD Principles table within this Chapter and it has been only slightly 

refined as a result of discussion and consultation with LIUDD research team members within both 

University of Auckland and Landcare Research Ltd. It has been rewritten and the explanatory text 

accompanying the table has been extended since its first release as an informal co-authored working paper 

(van Roon and van Roon, 2005a) by the Centre for Urban Ecosystem Sustainability. A later publication 

provided a lay explanation illustrated with Hauraki Gulf case studies (van Roon and van Roon, 2009). 
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made for this in previous chapters. Principles and methods draw strongly on lessons reported in 

Chapters 1 to 3 concerning the causes of ecosystem degradation, the connectedness across and 

within spatial scales from lot to catchment and region, and the need for a systems approach that 

accepts complexity. The principles provide leadership in the incorporation of both science and 

Māori knowledge into design and policy formulation. The planning tools and processes available in 

New Zealand for the implementation of LIUDD Principles and Methods are summarised and 

discussed.  

Chapter 5: Review of LIUDD Principles and Methods by Application to Case Studies 

In order for planning and design professionals to have confidence in the completeness and quality 

of the principles as guidelines they needed to be tested on current case studies in both greenfield 

and brownfield developments nationally and internationally thereby providing feedback for gap 

identification and improvement. The testing of the principles over a range of case studies provides 

stimulus for some cross-case analysis and derivation of lessons.  

Chapter 6: Application of LIUDD Principles to structure planning in the Integrated Catchment 

Management Context. 

Within this chapter the merging of the well-established practices of structure planning, ICM and 

LIUDD are examined and sequential learning across case studies is demonstrated. This has 

involved the analysis of additional case studies within countryside living and urban greenfields. The 

author demonstrates how this catchment-based design provides some of the richest opportunities for 

the integration of diverse design/consenting professions and construction sectors that have 

traditionally contributed in a separate but complementary fashion to the urbanisation process. It also 

facilitates the incorporation of science outputs into policy and design to the betterment of ecosystem 

health and amenity.  

 

Part III: The Ecological Efficacy of LIUDD  

Within Part III comparative sub-catchment studies are reported. These were undertaken to assess 

the ecological efficacy of varying degrees of uptake of LIUDD in both countryside living and 

residential greenfield catchments. 

Chapter 7: Selection and Characterisation of Sub-catchments for Comparative Catchment Studies 

Chapter 7 justifies the choice of sub-catchments selected for the research. Choices are necessarily 

limited by the timing of and characteristics of the design. Accessibility of sub-catchments in 

relation to programme budget was also a constraint. The methods and the results of sub-catchment 

characterisation are described.  
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Chapter 8: Sub-catchment Riparian Vegetation 

This chapter summarises methods and results used to characterise vegetation in stream riparian 

corridors up to 40 metres in width within each sub-catchment. The results provide an indication of 

the density, biomass, maturity, species richness, degree indigenous, and proximity of vegetation 

relative to each stream. This information is used to compare sub-catchments with varying degrees 

of LIUDD implementation and variable aquatic ecosystem conditions. 

Chapter 9: Stream Ecology Indicators of LIUDD Implementation Outcomes 

Within this chapter survey methods are described, and results reported and discussed, for indicators 

of in-stream ecological health. The main focus of this analysis is the macroinvertebrate community 

with only incidental observations of fish occurrence. Comparisons are made, across sites within 

each sub-catchment cluster, of macroinvertebrate indicators. This is followed by a comparison of 

indicator values from this survey with values from at least two surveys from consecutive time 

periods across the whole Auckland Region. This latter comparison enables a regional benchmarking 

of results collected using the same standard methods in coinciding time periods. 

The discussion of results takes an integrated catchment management approach whereby the health 

of stream ecology is related to sub-catchment characteristics and condition. The sub-catchment 

characteristics are in turn related to achievement of LIUDD Principles and Methods. 

Recommendations are made on ongoing research within these sub-catchments as the developments 

within them will continue to evolve and mature thereby likely increasing the contrast between the 

ecological benefits in treatment versus control sub-catchments.  

 

Part IV: Synthesis 

Chapter 10: Prospects for LIUDD 

The chapter opens with a discussion on the spatial scales of LIUDD, beginning with the catchment. 

The potential of LIUDD for the achievement of urban ecosystem sustainability at a regional scale in 

Auckland is then explored. In the section that follows, the main findings of the thesis are brought 

together in response to the research questions first presented in Chapter 1. This includes a synthesis 

of the findings of Part III (Chapters 7 to 9) on the ecological efficacy of LIUDD. Finally in this 

chapter, sustainability is revisited as the context for LIUDD.  
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Chapter 11: Conclusions 

Chapter 11 draws together the key findings of the thesis and presents a concise statement of its 

contribution to knowledge. The chapter concludes with a comment on future research opportunities. 
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Introduction to Part I 
 
 

Low Impact Urban Design and Development (LIUDD) rests within a theoretical and statutory 

context that underpins the methodological approach taken in this thesis. Particular philosophies, 

paradigms and values of importance from global to local scales are discussed for their importance in 

directing or influencing attitudes, statutes and management systems relevant to the research 

questions to be addressed in the thesis. Among the theories and practices examined are holism, 

ecocentrism, complexity theory, systems thinking, the ecosystem approach, and sustainability.  

There is a need for an appropriate spatial unit within which to develop methods for the avoidance of 

ecosystem degradation during urbanisation and in Chapter 3 the appropriateness of the catchment is 

investigated. A holistic-systems understanding of dynamic and cumulative ecosystem processes that 

have a high level of complexity is important for progressing LIUDD. Holism and ecocentrism are 

consequently the paradigms that shape the need for principles and methods of implementation of 

LIUDD.  

Establishment of the credibility of Integrated Catchment Management (ICM) is necessary as a 

practice worthy of forming the framework for the definition and implementation of LIUDD (Part 

IV), for the merging of structure planning and LIUDD (Part IV), and to provide a context for the 

monitoring of the ecological efficacy of LIUDD (Part III).  

 

 

 

 

 

 

 

 

 

 



  26 

 



 27 

CHAPTER 2 
 

THEORETICAL AND STATUTORY CONTEXT 
 

2.1 Setting the scene 
 
The theoretical and statutory underpinnings of stewardship and resource management form the 

context for an alternative approach to urbanisation. Within this chapter paradigms, philosophies and 

values some of which relate to sustainable development and New Zealand sustainability initiatives 

are explored. Paradigms are interpreted in the New Zealand cultural and social context. Concepts of 

Māori (whakapapa and kaitiakitanga) and European (ecocentrism and holism) origin are compared. 

Part of the New Zealand cultural context that influences the development of LIUDD principles in 

Chapter 4, is the meeting of obligations under the Treaty of Waitangi. The ecocentric expectations 

of New Zealanders to retain ‘nature in the city’ and high quality natural waters have already been 

discussed in Chapter 1. As LIUDD is dependent upon statutory as well as non-statutory processes 

for its implementation, examples are discussed of these processes, which are common in New 

Zealand planning, and relevant to LIUDD.  

 
2.2 Paradigms 
 
A paradigm is used to describe the set of experiences, beliefs and values that affect the way an 

individual perceives reality and responds to that perception (Handa, 1986). This is relevant to 

LIUDD as it is the perceptions of professionals and residents about nature as a priority, and the 

interconnectedness of ecosystem components and processes, that enable them to appreciate the need 

for changes in urban design and management. For example, the health of a receiving water 

ecosystem like an urban stream is determined by all activities and conditions within its catchment 

and within groundwater that may enter the streambed. Consideration of this whole system is 

necessary to optimise health of the waterway.  

2.2.1 Ecocentrism versus anthropocentrism 

Paradigms relevant to LIUDD and the closely aligned practice of ICM will now be discussed in 

turn. Within ecocentrism humans are recognised as a part of the natural system, not outside it. 

Ecocentrism rejects the anthropocentric views that humans are superior to nature and that nature 

was made solely for the convenience and use of humans. Ecocentrism is supportive of protection of 

the integrity of ecosystems for their own sake. “The complete development of the holistic ethics is 

ecocentric ethics, which recognizes that humans have duties even to the nonliving parts of the 

planet, which are essential to life on the planet” (Marietta, 1995:36). 
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To return therefore to the urban stream in its catchment, as an example, the ecocentric view would 

be that the stream and its inhabitants, and the estuary into which it discharges, are not there purely 

for ‘use’ by humans but rather they have an intrinsic value that is worthy of protection.  The 

LIUDD approach defined in this thesis seeks to ensure that urbanisation can be modified to enable 

this to be achieved. 

2.2.2 Holism and reductionism 

Holism is one paradigm that puts the study of the whole before that of the parts and it does not 

attempt to break down the whole into parts in order to study it or disrupt it. The focus is instead on 

ensuring that the parts of a system are functioning and relating in such a way that they are capable 

of contributing to the whole (Jackson, 2003).  

Boyd (1974) believed that the earth is a living organism and is the body of a higher individual who 

has a will and wants to be well. Every living being is a cell or an organ in the body earth. Similarly, 

James Lovelock in his Gaia theory (Lovelock, 1987) followed by Myers and Kent (2005) promoted 

the concept of the earth as a self-regulating living organism that maintains the special conditions 

necessary for its own survival (Myers and Kent, 2005). These beliefs demonstrate holism whereby 

the whole is considered to be more than the sum of its parts. Interaction between the whole and its 

constituent parts is how Caruana (2000) defines holism. Holism emphasises the importance of the 

interrelationships of animal and plant species and their common dependence on the ecosphere 

(Marietta, 1995). This contrasts with reductionism, wherein an organism is essentially nothing but a 

collection of atoms and molecules (Looijen, 2000; Crick, 1966) and these components can be 

studied and understood in isolation.  

Holistic approaches in this thesis include: the application and justification of ICM (Chapter 3), the 

development of the LIUDD principles and methods framework (Chapter 4), the critical analysis of 

catchment based structure planning (Chapter 6), and the implementation of comparative catchment 

studies to examine ecological efficacy of LIUDD (Chapter 7 to 9). In these comparative catchment 

studies indicator species are studied not so much for their individual importance but rather as a 

measure of the ecological health of whole urban catchments. 

Marietta (1995) sets the context for this thesis very clearly when reviewing the beliefs of several 

authors such as Naess (1973), McHarg (1970) and Leopold (1949). She refers to the need for 

human activity to be incorporated into the homeostasis of the ecosystem and not alter the system in 

ways that would upset its stability or reduce its diversity. Marietta (1995) described Ian McHarg’s 

landscaping as a practical example of this as it sought to make human habitations fit into the natural 

environment without destroying or greatly altering the patterns of life already there. Conventional 

urbanisation has, as demonstrated in Chapter 1, upset the stability and reduced the diversity of 
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urban ecosystems. McHarg’s attitudes were not dissimilar to those of Hundertwasser (DHGP, 2006) 

who believed that architectural forms should merge into and function with the landscape. He not 

only designed and built such structures but refitted existing buildings with green roofs, internal 

gardens, and trees in window boxes (Figures 2.1). Holism has not had universal acceptance. An 

environmental holism that puts the planet before human welfare or requires individuals to make 

extreme sacrifices for the sake of society can expect to be challenged.  

The two concepts of holism and reductionism do not need to be exclusive of each other but rather 

they can be used in a complementary manner to provide a more rounded understanding of how 

natural systems operate. Looijen (2000) described holism and reductionism as mutually dependent 

and cooperating concepts rather than contradictory views of nature or of relationships between 

sciences. Holistic programmes play an important role in guiding reductionistic programmes, 

because they provide theories at the level of the whole 

(Looijen, 2000). In turn research programmes with a 

reductionist approach provide information that can be fed 

back to better understand the whole. Debates have long raged 

in ecological circles on whether holistic or reductionist 

approaches are appropriate. A diagrammatic representation of 

the hierarchical structure of nature, shown in Figure 2.2, 

clearly shows the interdependence of different living and 

abiotic components. 

The concepts discussed above, provide the context for this 

thesis as the intent of LIUDD sits firmly in the context of 

holism and ecocentrism. The thesis seeks to justify a 

development form and environmental stewardship that aims 

to maintain the functionality of ecosystem processes (see also 

van Roon and Knight, 2004) at the same time as meeting the 

needs of modern humanity within that ecosystem. This would 

require the natural integrity of ecosystems to be valued and protected by humans that inhabit 

catchments under transition from rural to urban development. Development would then need to be 

carried out within the constraints of ecological carrying capacity 

In this thesis a holistic approach is taken to LIUDD at the catchment scale (see the ecosystem in 

Figure 2.2), but with recognition of the place of the catchment within the ecoregion and ultimately 

within the biosphere. Complementary reductionist science will be used in the thesis, at community 

and organism levels (Figure 2.2), to assess indicators of the health of the whole catchment. 

Figure 2.1: Kunst Museum, Vienna 2006, 
showing green walls and trees growing in 
window boxes as cultivated by 
Hundertwasser. Photo: M. van Roon 
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Mauri and Holism: Holism, as explained above, is concerned with the relatedness of all parts 

within the whole ecosystem. Holism in the New Zealand context is in part expressed through the 

Māori concept of mauri, the elemental force that binds all things together and gives them their 

meaning (Marsden, 1975). Park (2000) described this as a quintessential evocation in tikanga 

Māori of the ecosystem concept. Tangata whenua (‘people of the land’) view the natural world 

through the idea of the relatedness of all things. Within such a structure of whakapapa (genealogy) 

exist all the components of the natural world, non-living and living including people. (This has 

parallels with the hierarchical nesting of components of the natural world shown in Figure 2.2.) 

These components are linked together in the 

bonds and obligations of kinship (van Roon 

and Knight, 2004).  

As discussed previously (Section 2.2.1) 

ecocentrism recognises people as a part of the 

natural system not outside it. In addition, 

humans have responsibilities towards nature. 

In the Māori world-view the responsibilities of 

humans to the rest of the natural world are 

determined by kaitiakitanga and tikanga (PCE, 

2001). Iwi, hapu and whanau groups all have 

the authority to manage land, culture, and 

knowledge as kaitiaki ((Te Puni Kokiri (TPL), 

1998)). Tikanga may be described as ‘the 

correct way of doing things’ and kaitiakitanga 

is the ongoing necessity for tangata whenua to 

look after the taonga (treasures) that are their 

heritage. Taonga may be living or nonliving 

just as parts of the whakapapa may be 

nonliving. Māori retain rights over their ecosystem-based taonga including lands and ecosystems, 

including forests and fisheries, under the Second Article of the Treaty of Waitangi1. As these 

provided the foundations of survival for Māori over many centuries (PCE 2001) a wealth of 

knowledge (Mätaurangi Māori) exists on the functioning, sustainability and management of those 

                                                             
1 The Treaty of Waitangi is commonly referred to as the ‘founding document of New Zealand’ and was 
signed by iwi (tribes) and representatives of the Crown in 1840. The Treaty established a British governor in 
New Zealand, recognised Māori ownership of their lands and other properties, and gave Māori the rights of 
British subjects.  

Figure 2.2: More complex hierarchical structure 
of nature (Looijen, 2000: 9) 
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ecosystems. Biodiversity offers an internationally recognised framework for kaitiakitanga (Te Puni 

Kokiri, 1998).  

Also Marietta (1995) provides a reminder that under the ecocentric ethic all humans, not just 

Māori, have duties both to the living and to the nonliving parts of the planet. There are, therefore, 

many parallels between kaitiakitanga and ecocentric approaches to environmental management. 

LIUDD and kaitiakitanga have the potential to work together contributing to the protection of the 

intrinsic value of ecosystems. Māori values and terms have been incorporated into the LIUDD 

principles developed in Chapter 4. 

 
2.3 Holism in relation to Systems Thinking 
 
‘Systems Thinking’ or systems concepts that date back to Greek philosophy, avoid simple solutions 

to complex problems (Jackson, 2003) and are closely aligned with holism. There is an 

acknowledgement of complexity, diversity and constant change as they occur in catchment 

ecosystems, the management of which is discussed in this thesis. In the 1920s and 1930s biologists 

recognised that nature existed in a hierarchy similar to that shown in Figure 2.1 and at certain 

points in the hierarchy, stable levels of organized complexity arose (Jackson, 2003:5). An organism 

was assumed to have a clear boundary between itself and the surrounding environment and to 

moderate its internal state in a condition referred to as homeostasis. The behaviour of the whole 

arose from the interdependence of components that gave rise to a new level of complexity.  

Later, in the 1950s and 1960s, biologist Ludwig von Bertalanffy explained the differences between 

open and closed systems (Jackson, 2003). Most appropriate to this thesis is the open biological 

system model as shown in Figure 2.3. von Bertalanffy transferred this thinking to a general systems 

theory that was soon taken up by management thinkers. The system takes inputs of material, energy 

and information from its environment, uses some to sustain itself and transforms the rest into 

outputs (Jackson, 2003:6), just as a stream catchment does. 

A catchment with impervious soils is one such system where the boundaries are defined by the 

catchment ridgelines. Inputs via the atmosphere and groundwater systems still occur and typically 

include those of anthropogenic sources. Outputs occur via the atmosphere by evapotranspiration, 

and emission of volatile gases and windborne particulates; via the streams to harbours or lakes; and 

via the soil. This model depicts the circumstance of a rural catchment ecosystem in transition to 

urban use (the primary focus of this thesis).  

Systems ideas are applied to managerial problems and as such could be applied to the management 

of either the urban development transition, or the restoration of an existing urban area, within a 

catchment ecosystem. Humans have a role to play in this management regardless of whether or not 
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there is any self-regulating activity internal to a catchment ecosystem. The extent and speed of 

anthropological change within ecological carrying capacity needs to be managed so that the 

catchment ecosystem is not destabilised and thereby degraded irreversibly. Quade and Miser (1985 

cited in Jackson, 2003) 

believe that systems 

analysis helps decision 

makers and policy 

writers to solve the 

problems arising from a 

socio-technical system 

by supplying evidence 

about the costs, 

benefits, and other 

consequences of 

alternative solutions. 

This process of systems 

analysis is not unlike 

the steps taken by 

managers in ICM. It is explained and demonstrated in the following chapters, and is investigated as 

an appropriate spatial unit for LIUDD.  

 
2.4 Systems and Complexity Theory in relation to catchment management 
 
The systems concept described in 2.3 was developed in recognition of complexity and in the 

avoidance of simple solutions to complex problems (Jackson, 2003). In Complexity Theory the 

parts of a system can only be understood in terms of their relationships with each other and with the 

whole (Jackson, 2003), as is the case in ICM. The focus is upon both the pattern of relationships 

that determine what a system does, and upon processes. Systems change as they process the flow of 

matter, energy and information from their environments. Systems were seen by Jackson (2003) as 

co-evolving with the environment. For example, according to the Gaia hypothesis, life on Earth has 

developed in a mutual interaction with the world as a living system that creates the conditions that 

support life.  

The operation of catchment ecosystems is complex and it is unlikely that any one individual can 

develop a comprehensive understanding. The degree of understanding that managers and policy 

makers do have can be applied in modifying human interference in catchment processes and 

homeostasis, and in optimising the ecosystem services upon which human society depends. 

Figure 2.3: The Biological System Model (Jackson, 2003: 6) 
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2.5 The Ecosystem Approach 
 
It is appropriate following the discussion above on Systems Thinking and Complexity Theory to 

explore the meaning of ecology and the practice known as the Ecosystem Approach (EA), which 

incorporates the above theories. All of these approaches provide a context and direction for the 

practice of LIUDD. The ultimate challenge for ecology is to integrate and synthesise ecological 

information into an understanding that is meaningful and useful to managers and decision makers 

What is ecology and, in terms of LIUDD what other disciplines and practices are of relevance or 

internalised (Likens, 1992) in implementing an EA? Odum, one of the father figures of ecology, 

defined ecology firstly as the study of the structure and function of nature (Odum, 1959:4) but later 

as a study of the relation of an organism or groups of organisms to their environment (Odum, 

1971). Article 2 of the Convention on Biological Diversity (CBD) defines an ecosystem as: a 

dynamic complex of plant, animal and micro-organism communities and their non-living 

environment interacting as a functional unit (United Nations, 1992).   

Ecological interactions occur at many temporal and spatial scales. Components in this diagram 

could be overlapped with those in the diagram by Looijen (Figure 2.2) whereby the catchment 

(Figure 2.4) and the ecosystem (Figure 2.2) are at approximately the same scale.  

Ecology embraces a continuum of ideas, concepts and approaches from organism biology through a 

spectrum to geology, hydrology and meteorology (Figure 2.5). The expanding research focus of 

ecologists upon disciplines such as hydrology, chemistry and geology has resulted from a need to 

understand the drivers of change in biological communities and ecological systems. Figure 2.5 

demonstrates the breadth and interdisciplinary nature of ecology that are reflected later in this thesis 

in the development of the practice of LIUDD on an ecological foundation that draws on experience 

from a wide diversity of disciplines and practices. The adverse ecological effects of conventional 

urbanisation have their origins largely in processes explained by these other disciplines that 

contribute to the knowledge base of the LIUDD framework developed in Chapter 4.  

The EA recognises the need to understand and if necessary manage ecosystem processes and the 

role of individual biotic and abiotic entities in those processes. It is a holistic approach that 

encompasses Systems Thinking and acknowledges complexity. Some of the approaches used to 

study ecosystem level questions include those that focus on natural history, or are budgetary, 

experimental, comparative, or simulative in approach (Likens, 1992). The necessary definition of an 

ecosystem is frequently for the convenience of the researcher and should be defined with an 

acknowledgement of the place of the ecosystem in the wider environment with which it interacts 
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(Figure 2.3). As pointed out by Likens (1992:9) the boundaries of an ecosystem are where short-

term exchanges of matter, such as chemicals, are irreversible relative to the functional ecosystem 

e.g. where cycling becomes a flux. This definition gives support to the choice of the ridgelines of a 

catchment as an appropriate ecosystem boundary. Continuous flow of water with entrained 

particulates, organisms and chemicals does not occur across this boundary at the surface although 

groundwater may flow across the boundary at depth. Most aquatic biotic interactions occur in 

surface waters. 

Several significant global institutions (the United Nations, the World Water Forum, and the 

European Union) have supported the use of the EA merged with ICM. The merging is very 

significant as the EA has evolved from predominantly terrestrial ecological methods and ICM has 

been a water management technique. The Convention on Biological Diversity (United Nations, 

1992) uses the EA as the 

foundation for the 

implementation of its 

Objectives and 12 Principles. 

The EA is used to balance the 

three objectives of the 

Convention, which are the 

conservation of biological 

diversity, the sustainable use of 

its components and the fair and 

equitable sharing of the benefits 

arising out of the utilisation of 

genetic resources. The 

Convention requires states to 

respect, preserve and maintain 

knowledge, innovations and 

practices of indigenous 

communities relevant for the 

conservation and sustainable 

use of biological diversity 

(subsection j, Article 8). The 

promotion of the EA in the 

Convention was followed by a 

flurry of research, guidelines, 

Figure 2.4: Spatial scales of consideration commonly used in 
different ecological approaches (Likens, 1992: 4) 
 

Figure 2.5: Ecological studies range from those 
focused on more abiotic relationships to those focused 
on more biotic relationships  (Likens, 1992:4) 
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and publications (including Haines-Young and Potschin, 2008; UNEP, 2008a; Luckman, 2006; 

Pound, 2003) on case studies demonstrating how to implement it. A guide from the UNEP (2008b) 

recommends inclusion of principles of the EA in national and regional policies, planning processes 

and sectoral plans.  

Likewise, since the second World Water Forum in 2000, water professionals have been working to 

develop land/water integration in a catchment-based EA (Falkenmark and Tropp, 2005; Mitchell, 

2005). The Global Water Partnership (2003) report reflects on the incorporation of the social and 

economic development of water resources into the protection of vital ecosystems. The blending of 

ecosystem protection and resource management is slowly occurring as the global water community 

also seeks to add the land influence to the practice of Integrated Water Resource Management 

(IWRM now changing to ILWRM) (Falkenmark and Tropp, 2005; Mitchell, 2005). This blending 

of land and water, ecosystem protection and resource management, is characteristic of ICM.  

The primary objectives of the European Union’s Water Framework Directive (WFD) focus on: 

integrated management for all water types, river basins (catchments) as management units 

(irrespective of member state boundaries), citizen involvement, getting prices for water right, and 

streamlining legislation. The Directive allows only a slight departure from the biological 

community, which would be expected in conditions of minimal anthropogenic impact. This is a 

primary objective of LIUDD as outlined in Chapter 4. The WFD requires that within a river basin 

or catchment all existing technology-driven source-based controls must be implemented to 

minimise contaminant transfer to water (EU, 2004). Surface waters must be classified according to 

ecological objectives, and the development of river basin (catchment) management plans is 

required. States must ensure that deterioration of water quality and ecological status does not take 

place, and they must develop a framework for protection of water, which conserves aquatic 

ecosystems (Cleverly, 2004). These objectives are very closely aligned with those of the LIUDD 

framework developed in Chapter 4 of this thesis, and partially implemented in LIUDD case studies 

some of which are assessed for their ecological efficacy later in this thesis.  

 
2.6 Sustainable Development and Sustainable Management 
 
Much has been written about sustainability, sustainable urban development and the need for 

different urban forms (e.g. Freeman and Thompson-Fawcett, 2003; de Roo and Millar, 2000; PCE, 

1998; Jenks et al., 1996; Duary and Plater-Zyberk, 1994). The concept of sustainability arose from 

a concern that the consumption of natural resources is occurring at a rate greater than the natural 

environment can support (de Roo and Miller, 2000). The Brundtland Report “Our Common Future” 

(WCED, 1987: 43) defines sustainable development as development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs. There is a 
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call for the preservation of the Earth’s finite resources and the conservation of the physical 

environment. Sustainability is seen as a requirement for human survival (de Roo and Miller, 2000) 

that focuses on both the long term, and on all spatial scales shown in Figure 2.4. Urban 

development is a critical issue in sustainable development as urban systems have a high ecological 

footprint (Wackernagel and Rees, 1996) and typically result in the degradation of ecosystems. The 

concept and implementation of ‘sustainable development’ has become a foundation in planning and 

resource management practices (de Roo and Miller, 2000). To achieve a sustainable urban form a 

city needs to operate within the carrying capacity of its ecosystems, while optimising the use of 

ecosystem processes for the meeting of human needs.  

The concept of sustainability was introduced to New Zealand within the RMA in 1991 in the form 

of ‘sustainable management’. However this is not the same as sustainable development as 

demonstrated in Table 2.1. Throughout the 1990s the New Zealand Government remained relatively 

silent on the more difficult and comprehensive concept of ‘sustainable development’ but in 1999, 

with a change in government to Labour, it began exploring the usefulness and implications of the 

concept (PCE, 2002; Knight, 2000; PRISM and Knight, 2000). 

 In late 2001, the Government announced its intention to develop a sustainable development 

strategy for the country, although in August 2002 this was re-termed a Sustainable Development 

Programme of Action (DPMC, 2003). It is important to note that although central government was 

slow to embrace sustainable development, many New Zealand communities, organisations and 

agencies were in the 1990s much more willing to explore the ideas (PCE, 2002; Knight, 2000; 

PRISM and Knight, 2000). Two of the four focus areas of the Sustainable Development Programme 

of Action were identified as sustainable cities and water management. In the sustainable cities area 

the Government focused on integrated urban management, achieving economic competitiveness, 

improving urban infrastructure, urban design and urban quality of life. Achievement of these goals 

requires good management of urban ecosystems. Yet in order to work towards ecological 

sustainability in the urban context, the built environment needs to be managed within the natural 

environment not vice versa. Urban ecosystems are the foundation of many of the processes that help 

a city or town to operate, including those that have been suppressed or removed (van Roon, 2005).  

These ideas are consistent with the concept of “strong sustainability” (Hamilton et al., 1998). 

Strong and weak sustainability are depicted in Figure 2.6. There are different ways of judging 

whether degradation of one set of assets (ecological, economic or social) can be compensated for by 

increases in one of the other sets. Alignment with one priority determines the approach and 

handling of ‘development’. Those who favour improved economic assets over environmental ones 
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Table 2.1: Sustainable development versus sustainable management (van Roon and Knight, 2004: 25) 

are said to support “weak” sustainability. Those who emphasise environmental inviolability over 

economic align with “strong” sustainability (van Roon and Knight, 2004). 

Urban ecosystem management involves not just preserving or recovering habitat remnants, but also 

restoring processes and cycles such as the water cycle. In order to increase economic, ecological 

and social components of urban sustainability simultaneously, management of the total urban water 

cycle should be integrated into urban design and development (van Roon and Knight, 2004; Lloyd 

et al., 2001).  

Currently in New Zealand, there is no agreed government policy on what is sustainable 

development. There is legislation, voluntary initiatives, and policy that pursue sustainability. 

LIUDD implementation sits within this context. Uptake of LIUDD within New Zealand can be 

implemented only through the current planning and statutory framework.  The key components of 

this framework relevant as a driver for LIUDD, or relevant to the implementation and monitoring of 

LIUDD, are discussed in the sections that follow. 

Sustainable development Sustainable management 

• aimed at ensuring society's needs are met (usually 

expressed as meeting the needs of the present 

without compromising the reasonably foreseeable 

needs of future generations  - WCED 1987). 

• aims for intra- and inter-generational equity. 

• aims to ensure development is sustainable over 

time in a social, economic and environmental 

sense. 

• seeks to achieve only one aspect of the elements of 

sustainable development, that is, in an ecological sense 

• this translates to into the sustainable management of 

resources, as required under the Resource Management 

Act 1991. 

• concentrates on the full assessment of the ecological 

costs of activities and policies. 

• conserves the potential of resources for future 

generations. 

This idea was embodied in the 1987 'Brundtland 

Report' (WCED 1987), and has since influenced 

various international fora. Ostensibly, sustainable 

development could fundamentally alter the structure of 

society and economic management if the implications 

were followed through. However, it is commonly 

presented as a trade-off process between ecological, 

economic and social components. There is debate as to 

whether such a net benefit approach will result in any 

substantive reversal of ecological decline. This is due 

to the continuing debate over whether and how 

ecological drivers should dominate development 

outcomes  (Dobson 1998; Knight 2000; Carter 2001) 

Following its enactment, it was said that the RMA was never 

intended to encompass sustainable development goals (MfE 

c1992). It sits firmly in the ecological component of 

sustainable development. To successfully realise sustainable 

development goals, New Zealand needs an integrative, 

nation-wide strategy (PCE, 2002). Note that because the 

RMA, and related legislation, provide the framework for 

better integrating ecological processes into day-to-day 

decision-making, this could be more innovative and 

substantive than adopting the trade-off model of sustainable 

development. 
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2.7 Background to environmental planning in New Zealand: the context for LIUDD-relevant 

policy making, implementation and monitoring 
 
2.7.1 Introduction 

 This section examines some of the most important statutory and non-statutory processes, strategies 

and plans that influence the need for, definition, implementation and monitoring of LIUDD. The 

coverage is by no means comprehensive. Wide ranges of stakeholders are influential including 

central, regional and local 

government, Māori, the 

construction industry, and 

occupants of residential 

neighbourhoods.  

The current norm is to expect 

government involvement in 

the whole process of 

environmental planning, from 

formulation of strategies to 

their implementation (Rydin, 

2003). Rydin (2003) focuses 

on two approaches, that is, 

environmental planning as a 

rational and justified state 

activity, and secondly, 

environmental planning as a 

way of managing conflict 

over environmental issues by 

building consensus among 

diverse stakeholders. 

Ericksen et al., (2003) show 

how these two approaches 

merge as scientific data informs policy development while public participation shapes the policy 

and builds commitment to its implementation. Collaboration and inclusiveness during policy 

formulation enable integration across interrelated social and biophysical systems in the same spatial 

unit, such as catchment to ecoregion in the case of LIUDD. Local residents in conjunction with the 

government, at all levels, then take ownership and responsibility for planning.  The latter approach 
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typifies planning under the New Zealand Local Government Act 2002 (LGA) that will be discussed 

shortly. 

The Local Government Act was reformed in 1989 with further amendment in 2002, resulting in 

changes to the structure and operations of local government that consists of 74 district and city 

councils, 12 regional and four unitary councils. In the mid-1980s there was a major reorganisation 

of national environmental administration with the passing of the Environment Act (1986) and the 

Conservation Act (1987). Key environmental management agencies were established, namely, the 

Ministry for the Environment, the Department of Conservation, and the Parliamentary 

Commissioner for the Environment. From 1984 onwards there was a comprehensive reform and 

amalgamation of statutes (Memon and Perkins, 2000) that culminated in the passing of the RMA, to 

be discussed later in this section. At the time of writing further amalgamation is scheduled for 2010 

for the Auckland region with the creation of a super-city to replace one regional and seven district 

councils. 

 Environmental planning in New Zealand operates within a hierarchy of influence from national to 

regional to local. The levels within this hierarchy, which contains both statutory and non-statutory 

elements, are outlined immediately below, and then in the remainder of Section 2.7 those elements 

or tools considered to be most relevant to LIUDD are discussed in greater detail.  

The Treaty of Waitangi: In the New Zealand context, the community of stakeholders includes 

Treaty of Waitangi partners, that is tangata whenua2 and the New Zealand Government as 

representing all New Zealand citizens. The Treaty was previously introduced in Section 2.2. 

National strategies, such as the Biodiversity Strategy, and statutes, including the RMA and the LGA 

discussed below, require respect for and consideration of indigenous rights through the Principles of 

the Treaty. The Treaty is therefore part of the national context within which environmental 

planning, including the application of LIUDD, is carried out.  

National guidance: Central government in New Zealand has provided national policy guidance in 

the form of strategies, policy statements and protocols, on a limited range of environmental 

planning and management issues. This has been slow to evolve particularly under the Resource 

Management Act 1991.  With respect to some environmental issues regional councils have provided 

initial leadership. Government can use a number of methods to bring about implementation at a 

local level of national policy goals. These methods involve the transfer of authority from central to 

local government, mandate or rule making, the transfer of resources aimed at achieving outcomes, 

and capacity building (McDonnell and Elmore, 1987).  Many national strategies, such as examples 

discussed below including the Biodiversity Strategy, or protocols such as the Urban Design 

                                                             
2 Tangata whenua: ‘people of the land’ 
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Protocol, are non-statutory documents that provide some guidance but carry no statutory weight. 

They may, however, recommend actions that are taken up by councils and implemented through 

statutory processes. 

Statutes: A diversity of New Zealand statutes form part of the context for the implementation of 

LIUDD and its subsequent monitoring. Of these the most influential are the RMA and the LGA, 

which are discussed later in Section 2.7. Other less central statutes for LIUDD are numerous and 

examples include the Reserves Act 1977, Conservation Act 1987, Biosecurity Act 1993, Hauraki 

Gulf Marine Park Act 2000, Energy Efficiency and Conservation Act 2000, and the Building Act 

2004.  

Regional and local plans: Plans are prepared under many of the above statutes to convey policy, 

design and guide development, and/or as a guide to management or conservation.  These plans may 

be statutory or non-statutory and the bulk of those that are relevant to LIUDD are statutory plans 

developed under the RMA (National Policy Statements, Regional Policy Statements and Regional 

Plans, Regional Coastal Plans, District Plans) and the LGA (Long Term Council Community Plans 

(LTCCPs)). These will be discussed in greater detail below under those statutes. Examples of non-

statutory plans that may influence LIUDD uptake and management include strategic plans, structure 

plans, Integrated Catchment Management Plans (ICMPs), iwi management plans, and asset 

management plans. At a regional scale there may be various strategic plans, such as the Auckland 

Regional Growth Strategy, and Area Plans, such as that developed by Christchurch City Council for 

South West Christchurch. The preparation of structure plans and ICMPs outside of the statutory 

planning process has been a direct response to the effects-based nature of the planning system 

(Dixon, 2005a), whereby there is a focus on managing effects rather than prescribing land use 

patterns. 

These plans are used to inform statutory planning processes. For example, structure plans are used 

by councils to establish how an area might be developed physically in relation to land uses and 

infrastructure. ICMPs are used by regional and district councils to manage water resources 

(particularly stormwater) in relation to land use on a catchment scale. These plans identify 

important characteristics of a catchment in which problems may exist or occur as a consequence of 

development and may also evaluate the consequences of alternative futures for the catchment, 

particularly on the hydrological cycle (ARC, 2005a). In the Auckland Region, the Regional Plan: 

Air, Land and Water requires the development of ICMPs and Network Management Plans. The 

Network Management Plan, a detailed implementation plan and timetable informed by the ICMP, is 

then used to support applications for resource consents whereby the effects from the quality and 

quantity of proposed discharges are considered (ARC, 2005a). These non-statutory plan-making 
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processes are part of the foundation for both the concept and implementation of LIUDD, as will 

become apparent in Chapters 4 to 6 of this thesis.  

Non-statutory tools and methods other than plans at regional and local level: Numerous other tools 

and activities influence community buy-in to LIUDD and provide guidance to professionals and 

residents on implementation, management and maintenance of urban areas. Examples include 

public education documents, cultural impact assessments, design and operation guides, community 

approaches or joint initiatives for ecosystem management, technical assessments and reports, and 

financial incentives. There are education and public awareness programmes, the provision of 

financial or other support to facilitate the establishment and protection of native plants, or the 

covenanting of terrestrial habitats. It is through these well-established mechanisms that LIUDD 

principles and methods (outlined in Chapter 4) that impact on biodiversity enhancement, are likely 

to be implemented. In addition to statutory requirements under the RMA and LGA there has also 

been an increasing trend by councils to develop non-mandatory planning instruments to assist 

development of greenfield and peri-urban areas. Codes of practice may be statutory or non-statutory 

and many, such as subdivision codes of practice, are highly relevant to the facilitation or 

impediment of LIUDD.  

2.7.2 Strategies and protocols at the national level that are drivers of the need for LIUDD or 

relevant to LIUDD implementation 

The following is a very brief reference to national strategies or initiatives that may be implemented 

through a variety of non-statutory or statutory means and are of relevance to the implementation of 

LIUDD. In the discussion of the RMA later in this chapter, other matters of national importance 

that are of relevance to LIUDD and are being dealt with through national policy statements will be 

canvassed.  

The New Zealand Biodiversity Strategy: New Zealand ecosystems in high altitude and remote 

locations are well represented in the 30 percent of the country that is in the Department of 

Conservation estate. New Zealand biodiversity loss is greatest in lowland productive environments 

(PCE, 2001) including on farmlands and urban areas that are in the 70 percent of the country in 

predominantly private ownership. Conventional urbanisation in New Zealand is a major threat to 

lowland biodiversity in terrestrial, freshwater and estuarine environments. The New Zealand 

Biodiversity Strategy, developed to address New Zealand’s obligations under the Convention on 

Biological Diversity, is a primary driver for LIUDD implementation.  

The 1992 Convention on Biological Diversity (IUCN, 1994), introduced in Section 2.5, was ratified 

by New Zealand in December 1993. The convention requires signatories to make detailed 

inventories of species, monitor changes, and establish how to manage biodiversity.  The New 
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Zealand Biodiversity Strategy (MfE and DoC, 2000) aims to maintain and restore natural habitats 

and ecosystems to a healthy functioning state, and to maintain the genetic resources of those 

introduced species that are important to New Zealand for economic, biological and cultural reasons. 

Some reduction in biodiversity decline has resulted from conservation achievements over the past 

25 years but these achievements have been insufficient to ‘halt the decline’. LIUDD is part of the 

additional effort that is needed to arrest the decline. This effort is predominantly needed in ‘working 

environments’ (PCE, 2001) outside the conservation estate. In this respect, regional and district 

councils have a major role, which is discussed below under the RMA. 

Urban Design Protocol: The New Zealand Urban Design Protocol (MfE, 2005) is a non-statutory 

expression of the Government’s vision for creating New Zealand towns and cities through quality 

urban design. The seven areas that according to the protocol characterise quality urban design 

include context, character, choice, connections, creativity, custodianship and collaboration (DIA, 

2008). The Protocol involves a voluntary commitment of organisations nationwide to champion 

those characteristics that are believed to make up quality urban design. The Protocol is of 

significance because it is the first initiative taken by the Government to provide some national 

leadership and co-ordination of urban design quality in New Zealand. If part of the LIUDD 

programme is to provide national leadership in quality design there needs to be eventually a 

merging of objectives from these and other nationally relevant urban design initiatives. This thesis 

develops a principles and methods framework for LIUDD.  The approach used is undeniably 

ecocentric whereas the urban design protocol provides for the fulfillment of the ‘four well-beings’ 

of sustainable development but is weak in the biophysical dimension. LIUDD, to be a sound 

contribution to achieving these ‘four wellbeings’, needs to be compatible with the urban design 

protocol. Within some of the Protocol’s seven areas (DIA, 2008) that characterise quality urban 

design, there are elements that could be implemented through LIUDD.  These include the 

enhancement of the distinctive character, heritage and identity of an urban environment, enhancing 

how networks (such as riparian corridors) link people together, and ensuring design is 

environmentally sustainable and healthy.  

2.7.3 The Statutes most relevant to LIUDD 

Resource Management Act 1991 (RMA): The RMA demonstrates many of the paradigms discussed 

early in this chapter. The Act is holistic in that it draws together the management of all but two3 

natural resources that both provide key ecosystem services and support ecosystem sustainability. It 

brought together most former water, land, air and planning statutes. It is also holistic in a spatial 

sense, by providing for the development of policies and regulations relevant to national, regional, 

                                                             
3 Only two major resources sit outside the RMA, that is, fisheries and minerals, although in the latter case the 
effects of mining are included and in the case of fisheries the habitat of the fish is managed under the RMA. 
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district and neighbourhood to lot scales. Concurrently, the RMA uses a reductionist approach 

through the plans of councils to regulate and monitor specific actions that may have effects upon 

natural and built micro-environments.  

The RMA is an ecocentric statute as demonstrated by its primary purpose stated in Section 5: 

1) The purpose of this Act is to promote the sustainable management of physical and 

natural resources. 

2) In this Act, “sustainable management” means managing the use, development, and 

protection of natural and physical resources in a way, or at a rate, which enables 

people and communities to provide for their social, economic, and cultural well 

being and for their health and safety while –  

a) Sustaining the potential of natural and physical resources (excluding minerals) to 

meet the reasonably foreseeable needs of future generations; and  

b) Safeguarding the life-supporting capacity of air, water, soil, and ecosystems; and  

c) Avoiding, remedying, or mitigating any adverse effects of activities on the 

environment.  

 
The Act provides for the meeting of current human needs and gives high priority to the protection 

of the natural environment. The degree to which the protection of the natural environment is ‘traded 

off’ against social and economic priorities, as in weak sustainability, is the subject of considerable 

debate.  The critical issue is how these ecocentric RMA provisions are interpreted and implemented 

by councils in the processes of plan-making and implementation. 

The RMA acknowledges and provides for systems management and complexity in its recognition of 

the interconnection and co-dependence of parts of the environment such as land and water, in its 

recognition of the importance of catchments, and of cumulative effects in addition to the obvious 

immediate effects of current activities. All of the Part II Purpose and Principles sections of the 

RMA are highly significant in terms of the reasons for the development and implementation of 

LIUDD in the form outlined in this thesis.  

The RMA is the main statute under which planning policies are formulated by regional and local 

government. As such it establishes broad principles within which councils are free to develop their 

own approach to sustainable management on the basis of avoiding or mitigating adverse 

environmental effects. This has led to the development of the current effects-based planning system, 

with an emphasis on the management of environmental effects rather than on the prescription of 

activities (Dixon and van Roon, 2005). The RMA recognises that environmental effects differ with 
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the context of the activity, the desires of the community and the sensitivity of the local 

environment. The Act is described as taking an enabling approach (Mamula-Stojnic, 2006). 

A framework has been created under the RMA for integrating national, regional and local level 

decisions about resources using a hierarchy of statutory planning instruments. Central government 

establishes national goals and policy statements, regional governments develop regional policy 

statements and plans, and local governments prepare district land-use plans and development rules. 

Lower-level plans are required to give effect to regional and national policy statements and must 

not be inconsistent with other higher-level plans (sections 62(3), 67(2) and 75(2)).  

At district and regional levels of government there are responsibilities for the issuing of resource 

consents under the Act. Regional Councils issue coastal permits, water permits, discharge permits 

and some land-use consents. District Councils have responsibilities for land-use and subdivision 

consents (MfE, 2006). All of these consents have implications for or influence upon LIUDD 

implementation and management.  

Thus responsibility for the development of land occurs largely under the district council whereas 

primary responsibility for water and the coastal environment (via regional coastal plans) remains 

with regional councils. The primary drivers for developing LIUDD in New Zealand result from the 

degradation of harbour, stream and lake ecosystems for which regional councils are responsible. 

Changes to urban form are, however, largely the responsibility of district councils with very limited  

direction from regional and national policy. 

Policies in Regional Policy Statements (RPS) are critical for promoting LIUDD as each regional or 

district plan must give effect to its related RPS. Regional plans that address the full ambit of the 

environment in a region, such as the Auckland Regional Air Land and Water Plan, or even regional 

plans that are more narrowly focused on issues such as stormwater, need to provide guidance to 

district plans on adoption of LIUDD. Land use, urban form, and the protection of vegetation and 

habitats are determinants of LIUDD directed by district plan objectives, policies and rules. A strong 

policy and regulatory framework set by the above plans provides the context for implementation of 

LIUDD through resource consent processing including consent conditions supportive of LIUDD 

principles and methods that will be outlined in Chapter 4.  

The principles of environmental impact assessment were incorporated into the RMA in the form of 

the ‘assessment of environmental effects’. These were formerly within the Environmental 

Protection and Enhancement Procedures (New Zealand Government, 1974). Effects include past, 

present and future; temporary or permanent; and cumulative effects (Section 3, RMA 1991). The 

inclusion of long-term and cumulative effects under the control of the Act provides a significant 

foundation for the implementation of sustainability including LIUDD.  
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Both project and policy-based environmental assessment are provided for in the RMA. “In this 

context, planners are required to consider, amongst other things, the cumulative effects of adopting 

particular environmental policies” (Dixon and van Roon, 2005). There is a requirement under 

Section 32 for a systematic approach to policy development and plan preparation that leads to a 

policy assessment of the environmental effects of policies and plans (Dixon and van Roon, 2005; 

Fookes, 2000). Thus future plan policies focused on LIUDD, and based on the principles developed 

in Chapter 4 of this thesis for example, will require a Section 32 analysis. Information generated in 

this thesis on the ecological efficacy of LIUDD implementation may assist in undertaking this 

analysis. 

Highly relevant to the ecocentric objectives of LIUDD (outlined in Chapter 4), is the requirement 

under the RMA for district and regional councils to carry out their functions in a way that protects 

biodiversity by safeguarding the life-supporting capacity of ecosystems (s. 5(2)(c), and protects 

areas of significant indigenous vegetation and the significant habitats of indigenous fauna (s.6 (c)). 

Councils may set plan-based rules governing vegetation clearance, riparian management and water 

quality, soil quality and erosion, and landscape protection, or that impact on native vegetation. 

Monitoring of ecosystem extent and condition is part of monitoring the state of the environment and 

is required by councils under the RMA (s. 35(2)(a)). Control of land use, water quality 

management, stabilisation of the natural hydrological regime of streams and rivers, are just a few 

examples of indirect measures by councils that have an effect upon biodiversity enhancement. 

These issues are all central to LIUDD. 

National Policy Statements (NPS) and National Environmental Standards: None of the current 

National Environmental Standards and only one of those standards currently under drafting by the 

Ministry for the Environment, that is a standard concerned with ecological flows in rivers and 

streams, is considered to be of any relevance to LIUDD.   

The New Zealand Coastal Policy Statement, under review at the time of writing, provides policy on 

the protection of the ‘coastal environment’ and the ‘coastal marine area’. Protection of the natural 

character and quality of the coast, highly valued by the New Zealand public, necessitates quality 

urban development and management that avoids degradation of coastal ecosystems, catchments and 

resources. This is also a primary driver in New Zealand for LIUDD and influences the inclusions in 

the LIUDD principles and methods framework in Chapter 4. The Hauraki Gulf Marine Park Act 

20004, Sections 7 and 8 of which form a National Policy Statement, further influences 

implementation of LIUDD in the Auckland Region. Operative Policy statements and plans under 

                                                             
4 The Hauraki Gulf Marine Park is further discussed in Appendix 3.2. 
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the RMA are required to be not in conflict with sections 7 and 8 and consent authorities for the Gulf 

islands and catchments must have regard to these sections.  

Several other proposed NPS relevant to LIUDD, including those on urban design, freshwater 

management and flood risk management, are under consideration or drafting at the time of writing. 

As these are only in the very early stages of discussion at the time of writing and may change 

radically it is acknowledged that detail may change.  

 An advantage for LIUDD of a NPS on urban design, would lie in the reinforcement of linkages 

between LIUDD relevant strategic and structure planning processes, currently largely carried out 

under LGA processes or outside statutory processes, and RMA plan development and resource 

consent granting. The importance of strategic and structure planning to LIUDD implementation will 

become apparent as this thesis unfolds yet these processes have relatively little recognition or 

standing under the RMA. However it is largely through RMA plan provisions and consent granting 

that catchment-wide LIUDD development concepts are implemented, monitored and managed. 

Councils applying RMA and LGA processes in tandem increase opportunities to achieve quality 

urban development that fulfills community aspirations. 

The goals of the Proposed National Policy Statement for Freshwater Management (MfE, 2008b) are 

far reaching and highly relevant to the objectives of LIUDD that are aimed at avoiding degradation 

of New Zealand freshwater ecosystems, among other ecosystems, caused by changes to water 

quality and hydrological regimes resulting from, among other activities, urbanisation and urban use. 

Specific policies address stormwater issues, that is Policies 2(iii)(a) and 3 that require Regional and 

District Plans to include rules for the protection against the degradation of water quality. The NPS 

objectives include a call for integrated management of the effects of land-use development and 

discharge of contaminants; enhancement of the quality of freshwater; recognition and protection of 

the life supporting capacity and ecological values of freshwater; and effective monitoring. All of 

these issues are addressed for urban freshwater ecosystems in the development (Chapter 4), 

implementation (Chapters 5 and 6) and monitoring (Chapters 7 - 9) of this thesis on LIUDD. A 

Board of Inquiry heard submissions to the Proposed NPS for Freshwater Management in mid-late 

2009.  

The proposed NPS on flood risk management, which is also relevant to LIUDD, was the focus of a 

Board of Inquiry in 2009. The LIUDD principles and methods outlined in Chapter 4 that include 

minimisation of impervious surfaces, detention and reuse of stormwater, protection of flood plains 

and stream corridors from urban use, all contribute to the minimisation of flood risk in urban areas.   

These proposed NPSs will fill existing weaknesses in national policy coverage but their progression 

to operative statements and implementation through the next generation of RMA regional and 
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district plans will take many years and will therefore have limited effectiveness for the 

implementation of LIUDD in the short term.  

The Local Government Act 2002 (LGA): The RMA is not the only statute of fundamental 

importance in the implementation of LIUDD. The revamp of the LGA gave councils new strategic 

planning tools and established the purpose of local government as being: 

a) to enable democratic local decision-making and action by, and on behalf of, 

communities; and  

b) to promote the social, economic, environmental, and cultural well-being of 

communities, in the present and for the future (s. 10).   

 

According to Borrie et al. (2004) this implies that the local authority is taking a ‘sustainable 

development’ approach to community well-being (S.3(d)) and it is doing this under a co-operative 

mandate. Memon and Borrie (2005) felt that the LGA reflects a change in emphasis from 

‘government’ to ‘governance’, the latter reflecting how people come together to address common 

problems, whereas government is control by state agencies. The degree to which this has really 

changed the way district councils have operated since 2002 is debatable.  

The LGA requires (S. 93) each council to have at all times an LTCCP that defines community 

outcomes sought. The local authority is required to consider the perspective of the community, 

identify their aspirations and provide for public participation in decision-making processes. Also the 

local authority is required to develop and adopt each year an ‘annual plan’ (S.95) that supports the 

LTCCP in providing integrated decision-making and co-ordination of the resources of the local 

authority. This is particularly important in relation to the provision of both services that support 

community outcomes, and the assets required to support those services. Common LIUDD-focused 

aspirations of New Zealand communities for healthy, functional and aesthetically pleasing 

ecosystems, including forests, streams, lakes and harbours, require a high level of local authority 

investment in infrastructural services related to integrated three-waters management and abundant 

communal open space. Councils are required to have policies on revenue and financing, liability 

management, investment, and development contributions or financial contributions. All of these 

have a strong bearing on the ability of councils to provide this fundamental infrastructure. Without 

sound revenue accrual, reserve and infrastructure contributions from developers, and prioritisation 

of spending, councils will not be able to provide the higher proportion of council-owned open space 

needed for the biodiversity protection and the accommodation of at-source stormwater control 

devices that are key to the implementation of LIUDD.  
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The interface of the RMA and the LGA: The RMA and LGA can be used in tandem to achieve 

LIUDD objectives as they are both participative, both provide for the promotion of environmental 

and community wellbeing, and they have similar approaches to policy development and the seeking 

of sustainability outcomes (Dixon, 2005b). The LGA provides communities with the means to 

express their wishes for LIUDD-style healthy, green and ecologically functional neighbourhoods 

and regions, and these desires may be translated into LTCCP objectives to be funded and 

implemented by council. These same objectives can be achieved through the implementation of the 

hierarchy of statutory plans and resource consent processes under the RMA.  

2.7.4 The realities of planning practice 

There is an assumption in the Act that local governments are committed to implementing the 

strategic goals set by national government. The national government has the two roles of facilitating 

government co-operation and of ensuring that local governments have the capacity and skills for 

implementation (Ericksen et al., 2003), but this is flawed and problematic (Dixon, 2005b). Councils 

acknowledge the lack of experienced planners and the rapid turnover of graduate planners that 

process resource consent applications (Dixon, 2005b). Audit New Zealand (cited in Dixon, 2005b: 

73) expressed concern that councils are finding it more and more difficult to retain qualified staff to 

deal with the volume of applications, and to address the increasingly complex issues, within short 

time frames.  

There is also an implicit assumption that planning as a statutory process delivers its outcomes 

provided for in statutory tools. While the planning system under the RMA is that which has to be 

relied upon to deliver LIUDD approaches to development there have been issues and difficulties in 

the implementation of the RMA, that is, there is evidence of a disjunction between planning 

objectives/methods and outcomes (Beattie, 2008). Beattie (2008) explored a disconnection between 

land use policy intentions, planning methods designed to give effect to that plan’s policy intentions 

and the actual planning outcomes delivered in practice by evaluating 30 planning case studies 

within the Auckland region, from a landscape and ecological perspective. Twenty-seven out of 

thirty cases failed to give effect to the district plans’ desired policy intentions, methods and stated 

outcomes.  

The need for planning over long time horizons and the management of cumulative change is not 

something that is particularly well recognised or well managed in New Zealand. European 

settlement and law making in New Zealand is relatively recent (1840) but the intervening years 

have resulted in radical change to New Zealand’s natural resource base and biodiversity. The RMA 

does acknowledge the need to manage cumulative effects (RMA S.3) but planning agencies are still 

learning to monitor or manage this competently. With a few exceptions planning horizons within 
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the plans and strategies for most New Zealand institutions are a decade or shorter. As will become 

clear as the research questions of this thesis are answered, many LIUDD principles and methods 

address the avoidance or slowing down of long-term cumulative ecosystem degradation.  

 
2.8 Conclusions and next steps 
 
The concepts of holism, ecocentrism, complexity theory, systems management, sustainability and 

the ecosystem approach are all highly relevant to the justification for, definition and implementation 

of LIUDD. Throughout this thesis the philosophies of holism and ecocentrism, and the objective of 

maintaining mauri, will guide the defining and development of LIUDD. An ecosystem approach 

will then be used to monitor implementation of LIUDD at a catchment scale in keeping with the 

vision for sustainability. In Chapters 4 - 6 the role of various planning tools and processes in the 

implementation of LIUDD will be discussed. Within the next chapter the suitability of the 

catchment as the appropriate spatial framework for the design and implementation of LIUDD will 

be investigated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 50 

 



 51 

CHAPTER 3 
 

INTEGRATED CATCHMENT MANAGEMENT: A WORKING CONTEXT 

AND SPATIAL FRAMEWORK FOR LIUDD 
 

3.1 Introduction 
 
To date planners, surveyors, urban designers and landscape architects have used the artificial-

construct of the neighbourhood as the dominant design unit. Traditionally architects focus on 

individual buildings. Water and wastewater service engineers have always used the catchment as 

the context for design, construction, operation and maintenance of infrastructure. Terrestrial and 

aquatic ecologists have for too long been divided by their focus on the ecoregion and the water 

body respectively. Aquatic ecologists are now moving closer to hydrologists in understanding and 

managing the co-dependence of land and water. In order to create integrated management that 

incorporates all of these professions there is first a need for a common unit, or a nested hierarchy of 

units, for design and management. This chapter seeks to answer the first research question stated in 

Chapter 1: Is the catchment an appropriate spatial framework for LIUDD? The adoption of both 

the catchment as an appropriate spatial framework and of ICM as an appropriate working context 

for LIUDD is investigated.  

Current ICM practice is reviewed in order to demonstrate practices that lead to success or failure of 

integrated practice. The principles and methods of ICM including a ‘common model’ methodology 

are first explored, and the need for local adaptation of the model, such as at Whaingaroa (Raglan), 

are discussed. Is the catchment ‘coming of age’ as a preferred unit of research, design and 

management? This is investigated using New Zealand examples of ICM that have evolved over 

several decades and demonstrate the effectiveness of ICM at a sub-regional or suburban scale.  The 

criteria for ‘effectiveness’ of ICM relate to the suitability of the spatial framework and methodology 

to reveal linkages between causal agents and downstream problems that once identified can be 

remedied or in future avoided, in many cases through urban site selection, design and management. 

Some semi-rural ICM case studies have been included as they demonstrate some of the strongest 

examples of community or council initiated ICM, and the adaptation of a North American approach 

to the New Zealand context. The urban examples all in some way either relate to, or are the context 

for, LIUDD case studies that are developed later in the thesis. A snapshot of many examples of 

ICM needed to be reviewed to demonstrate these methods and therefore the depth at which they 

could be reported had to be limited. 
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3.2 Principles and methods of ICM: holistic management across disciplines 

 
Within the integrated catchment management approach the environment managed is a complex of 

interacting ecosystems operating within a landscape (Bowden, 2002). Where water is involved the 

landscape unit most commonly managed or researched is the catchment. Within this context 

scientists have come to link the movement of water with the transport of sediments, nutrients and 

pollutants. This has resulted in the development of new research fields that span the disciplines and 

provide new insights into how catchments operate. The catchment framework facilitates the linking 

of research on hydrology and aquatic ecology to the management of, for example, water quality, 

soil and vegetation dynamics, and land use (Bowden, 2002). By this means the strong interplay 

between catchment condition, and both ecological and hydrological health is amply demonstrated 

(van Roon and Knight, 2004). 

Holistic Management: an example of integrated management sectors but not integrated 

catchment management: Christchurch City Council’s (CCC) Waterways and Wetlands Asset 

Management Strategy (WWAMS) (CCC, 1999; 2000) demonstrates how disparate professionals 

and previously segregated council departments can integrate their thinking and management 

functions when focusing together on a common area related to water. Drainage engineers, 

ecologists, planners, park managers, and water-supply staff worked together in this council to solve 

common issues with gains in ecology, landscape, culture, heritage, recreation, drainage, ground-

water recharge, and in the long term reduced drainage costs (Knight, 2002). Development of the 

strategy was unfortunately based on division of the City into 14 areas that considered but did not 

comply with catchment boundaries. Major rivers in some cases formed the division between project 

areas.  Within the strategy the excellent ecological restoration planned for the city’s waterways was 

not discussed in the context of the inevitable gains for the Avon-Heathcote estuary, nor was the 

influence of the Waimakariri River on the northern project areas elaborated. In these respects 

therefore around the year 2000, CCC was limited in achieving holistic catchment management by 

confining its mandate within its own boundaries, without comment on Regional Council 

responsibilities in the estuary, and on neighbouring District Council responsibilities on landward 

boundaries. CCC has since 2000 overcome these divisions of discipline and mandate in undertaking 

the South-west Area Plan in an Integrated Catchment Management context. 

Information about a catchment can be accumulated as a number of layers such as those of a 

geographic information system (GIS). These layers not only represent information on resources 

such as soils and water but also delineate land use, land cover, and infrastructure networks. This 

layering of information from diverse disciplines leads ICM participants to understand the inter-

relationships between the information layers and therefore to interact with disciplines or professions 
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with which they would typically not associate. As pointed out by Bowden (2002) each of these 

disciplines has something different to contribute to the solving of environmental issues within the 

catchment. The catchment framework provides the context for bringing these disparate groups 

together for joint problem solving and strategic policy formulation focused on issues such as urban 

design and urban management effects on water or pollutants. 

When resource managers refer to a catchment (or watershed) they include all of the land draining to 

a particular water course, air above the catchment, surface and groundwater, soils, plants, animals, 

as well as humans and their anthropogenic impacts. 

The relative stability and function of a watershed are determined by the rate of water 

inflow and outflow, materials (substrate), and activity patterns of organisms living 

within the watershed. In other words, fields, forests, towns, and waters linked 

together by a stream or river-flow interact and consequently are appropriately 

considered as one management unit… Effective management of watersheds depends 

on a comprehensive human understanding of the components of watersheds and their 

interactions (Reimold, 1998: 3). 

Working within the catchment context enables the solving of interconnected water quality and 

ecosystem problems rather than solving the problems of individual discharges or individual water 

bodies. It considers all threats to the environment and human health instead of regulating specific 

pollutants, pollutant sources or activities. As summarised by Reimold and Singer (1998) existing 

priority and potential future problems are identified that are a risk to human health, ecological 

resources or the use of the waters. For example, by identifying the underlying geology plus 

assessing biological and land use histories of a catchment (such as intensive agriculture surrounding 

Lake Taupo as discussed later in this chapter) it is possible to show that the catchment and its water 

bodies have a limited capacity to absorb impacts. 
 
3.3 Principles and methods of ICM: catchment management and the four ‘well-beings’ of 

sustainable development 
 
Catchment management is not, as frequently perceived, a technique confined to the biophysical 

sciences or engineering. In North America, for example, research has been as much slanted towards 

investigating the social and political influence on catchment management, and how consequent 

catchment formation has influenced society. In this context catchments are a political as well as a 

biophysical phenomenon. Heathcote (1998) perceives that a general approach involving the 

systematic development and comparison of management alternatives is highly influenced by an 

informed public that moves scientifically biased catchment management planning into a consensus-
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building process that achieves social change. This approach is similar to community-led planning 

under the LGA, as outlined in Chapter 2. 

The general approach to ICM summarised by Heathcote is: 

1. Develop an understanding of watershed components and processes and of water 

uses, water users, and their needs.” (The components and processes include: 

climate, geology, soils, hydrology, groundwater, water quality, plant and animal 

communities, land-use, social and economic systems, valued features and activities.) 

2. Identify and rank problems to be solved, or beneficial uses to be restored. 

3. Set clear and specific goals. 

4. Develop a set of planning constraints and decision criteria, including any weights 

that may be assigned to criteria. 

5. Identify an appropriate method of comparing management alternatives. 

6. Develop a list of management options. 

7. Eliminate options that are not feasible because of time, cost, space, or other 

constraints. 

8. Test the effectiveness of remaining feasible options using the method identified in (5) 

and the decision criteria and weights identified in (4). 

9. Determine the economic impacts and legal implications of the various feasible 

management options and their environmental impacts. 

10. Develop several good management strategies, each encompassing one or more 

options, for the consideration of decision makers. 

11. Develop clear and comprehensive implementation procedures for the plan that is 

preferred by decision makers (Heathcote, 1998:12). 

Although the ICM process is described by a number of steps it is in fact a continuous process and 

several steps may be running concurrently or overlapping. The ICM process needs to be adaptable 

as it is highly influenced by political or community pressures that alter the sequencing or timing of 

steps. Heathcote (1998) describes ICM as a journey not a destination. It is a framework for 

continued dialogue about the catchment or watershed that necessitates the frequent revisiting of 

issues and management options, the incorporation of new technologies and management thinking, 

and delivery on the community’s vision of an ideal catchment state. Theoretically, this vision may 

be expressed in New Zealand through the LTCCP process of the LGA, for the implementation of 

sustainable development.  This planning and management approach as recommended by Heathcote 

(1998) is fitting for an ICM approach that has as its focus catchment resource management within 

understood and quantified economic and social constraints. There is a need to understand every 

issue, object or process within the catchment that contributes to the priority issues or problems 
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within that catchment in order to find solutions to these problems. This enables the spending of 

limited funds on that issue, remediation of which gives the highest benefit. There should be 

simultaneous optimisation of positive outcomes for all biophysical components of the catchment. 

Biophysical terrestrial components of the catchment should benefit as much as receiving-waters 

from this integrated catchment management approach to sustainability. 
 
3.4 Adapting ICM models to the local context 
 
North America and Australia, in particular, have advanced the development of ICM methodologies. 

With application the basic ICM approach (Davenport, 2003; Doyle-Breen, 1998; Heathcote, 1998; 

Reimold and Singer, 1998) becomes adapted to local cultural norms and statutory influences. An 

example of an Australian adaptation is a useful tool known as AUSRIVAS developed in Tasmania 

to assess ecological river health.  It can be used to determine the sensitivity of the ecosystem to 

different management practices as well as the effectiveness of catchment management actions 

aimed at improving river health (Krasnicki and Read, 2001). AUSRIVAS was started in 1994 and is 

ongoing throughout populated parts of Australia (Australian Department of the Environment, 2009). 
 
3.5 The ‘evolving art’ of ICM in New Zealand 
 
Catchment management, in a narrow soil conservation, flood control and water supply management 

context, had its origins in New Zealand in the now repealed Soil Conservation and Rivers Control 

Act, 1941, under which catchment boards were established throughout New Zealand. The functions 

of these Boards were later merged with regional water boards formed under the now repealed Water 

and Soil Conservation Act, 1967. Under the latter, regions were formed from large catchments or 

clusters of catchments. By 1970 catchment management not only had a very narrow technical focus 

but it was also strongly driven by central government and implemented by the regions. The 

establishment in the 1960s and 1970s of 76 representative hydrological basins for long term flow 

monitoring and data collection was followed in the mid-1970s to mid-1980s by a network of 10 

land-use catchments that enabled assessment of the consequences of a variety of land-use changes 

on water resources (Bowden, 2002). These studies provide long-term scientific information but in 

no way represent ICM as it is now defined. 

Institutionally driven ICM gained strength in New Zealand in the 1970s. The slow progression of 

ICM in the 1970s and 1980s was characterised by agency domination and minimal community 

initiation in all but a few cases. One large scale and outstanding example from this time was the 

Upper Waitemata Harbour Catchment Study (UWHCS) completed in 1983. There was slow uptake 

of development guidance provided by the UWHCS to councils and developers resulting in partially 

avoidable cumulative environmental effects explained in Ch. 3.13. 
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Exponential growth of ICM programmes in New Zealand occurred around 1995 to 2000, based on 

role models of good practice both overseas and local (e.g. Whaingaroa Ch.3.7). Crown research 

institutes, especially Landcare Research Ltd (LCR), and regional councils have a nationwide 

memory-bank of ICM experiences, the lessons from which enable further refinement of each 

consecutive ICM programme.  The growing ICM experience of LCR can be traced over time with 

its involvement in projects such as Wairoa, Whaingaroa, Motueka, Twin Streams and, most 

recently, leadership and partnership in the catchment based LIUDD research programme. Recent 

successes in ICM have been aided by increasing interagency as well as agency-community 

collaboration encouraged by current research funding policies. 

Some catchments lend themselves to adoption of the ICM process more immediately than others. 

This is sometimes because many of the components of the ICM process are already operating in the 

catchment. Sometimes ICM is occurring but has not been given a formal label. This was true of 

Whaingaroa prior to initiatives by LCR to introduce the Atlantic Coastal Action Programme 

(ACAP) model (van Roon and Knight, 2004). 

In Chapter 3.7 – 3.14 major New Zealand examples of catchment management contributing to a 

vision of sustainable development using an ICM framework are discussed. These examples do not 

include catchments where there has primarily been a scientific research focus and no community 

involvement, such as at Waipaoa, and at Whatawhata. Every catchment has its unique 

characteristics and problems to be solved. These examples have been chosen to show how diverse 

the issues are and how adaptable the ICM framework is for problem solving under many different 

scenarios. There is diversity in the reason for ICM initiation, and in the organisations initiating the 

process, but the process to be successful usually evolves towards the ‘common model’. Many of the 

catchments share common resource management issues but this may vary in intensity and impact 

according to ecosystem structure, land use and resource demands. The main issues are: changes in 

the hydrological regime; erosion and receiving water sedimentation; water abstraction; nutrient 

cycling; contamination; ecosystem and biodiversity degradation or destruction. 

 
3.6: Is the Catchment ‘coming of age’: New Zealand case studies to demonstrate ICM 

effectiveness? 
 
The purpose of the remainder of this chapter is to show the extent to which the catchment is 

‘coming of age’ as a preferred unit of research, design and management at sub-regional or suburban 

scales. 

 

 



 57 

3.6.1 Rationale for inclusion of case studies of ICM 

All case study catchments shown in Table 3.1 demonstrate ICM as a context for understanding and 

avoiding stream and estuarine/lake degradation by inappropriate land use.  Grey-shaded catchments 

show the value of an ICM context for analysing the ecological carrying capacity of estuaries in 

relation to site selection for urban development. 
Case study Rationale for review 

Whaingaroa Most successful community initiated and led ICM to rehabilitate degrading harbour and 
streams. Community involvement critical to ICM success. 

Motueka Demonstrates that research institute leadership can facilitate stakeholder collaboration, and the 
blending and application of science and community knowledge. National agency facilitating and 
transferring lessons from project to project.  

Lake Taupo Demonstrates community-institutional collaborative ICM effectiveness in revealing and 
minimising threats to lake water quality from land-use that needs to be limited through regional 
planning controls. Context of Taupo-West case study in Chapter 6. 

Orakei Basin Demonstrates the value of engineering dominated ICM for understanding and solving water 
quality problems in estuaries in established urban areas. In later chapters ICM is used to design 
urban form to avoid such degradation. 

Whau Demonstrates fragmented parallel engineering and community ICM processes that have 
failed to merge in an established urban environment undergoing renewal. 

Twin Streams Demonstrates evolution of Council-led community riparian restoration project into more 
comprehensive multi-stakeholder ICM in rural to established-urban transition.   

Upper 
Waitemata 
Harbour 

Demonstrates early council-led attempt to link catchment science and planning to avoid estuarine 
degradation during urban development. Critical delays in converting science to planning and 
urban design action have harmed the estuary and need to be avoided in future.  

Okura Demonstrates ICM usefulness for highlighting the ecological consequences of alternative 
development scenarios. Provides justification for site selection based on estuarine carrying 
capacity to be a priority principle of LIUDD. 

Whitford sub-
catchments 

Demonstrates the importance of the ICM context within which to understand the consequences of 
alternative landuse scenarios. Justification for site selection based on estuarine carrying 
capacity 

Hauraki Gulf Demonstrates the nested hierarchy of ICM planning and management from sub-catchment 
neighbourhood to region.  

Table 3.1: The rationale for reviewing each case study included in Chapter 3. 
 
3.7 Whaingaroa Harbour Catchment (Raglan): New Zealand adaptation of the ‘common 

model’ for identifying and controlling catchment losses of sediments and nutrients to streams 

and harbour 
 
Although this case study catchment is in predominantly rural land use, apart from the town of 

Raglan, it has been included here because Whaingaroa is probably the most successful ICM project 

that has been community-instigated and led.  It also shows the necessity for local adaptation of the 

Canadian model for ICM to fit within New Zealand’s bicultural context. 

Whaingaroa Harbour Catchment has rolling to steep unstable land that is dominated by pastoral 

farming. It drains to an indented and productive harbour ecosystem prized by the local community 
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for fishing and recreation.  The local community, many of whom live in the town of Raglan on the 

harbour edge, had growing concerns in the 1990s about sedimentation of the harbour and a 

noticeable decline in fish catches and shellfish populations. There was an increasing belief in the 

community (Litchwark, pers. comm., 2002) that runoff from farming activities in the harbour 

catchment and sewage effluent discharges to the harbour were the causes of these changes. Out of 

this context came the motivation to establish an ICM process to identify and achieve community 

objectives for the harbour and its catchment. 

The Whaingaroa Catchment Management Project was one of the first formal attempts in New 

Zealand to establish holistic, participatory, community-based integrated management on a 

catchment scale (Kilvington, 1998). Research and staff links between LCR and the University of 

Arcadia in Nova Scotia, Canada, led to the transfer to New Zealand of Canadian experience in 

community-driven ICM techniques. ACAP was the Canadian catchment-based forrunner, 

established by Environment Canada in 1991 to empower local communities to understand and 

restore degraded coastal environments. ACAP helps communities to define common objectives for 

environmentally appropriate use of their resources and to develop plans and strategies that will help 

achieve them. It was found previously that the development of government-formulated coastal zone 

management plans met with limited success since these plans were not community driven. ACAP 

recognised that local communities are the best and most effective proponents for effective action 

leading to sustainable development. ACAP was envisioned as at the intersection of three circles 

representing science, empowerment and integration (ACAP, 1998a; 1998b). 

The Whaingaroa Community project was an adaptation of the ACAP model that encourages and 

supports communities in conjunction with government institutions and non-governmental 

organisations (NGOs) in pursuing their own vision of sustainability. Interest groups, NGOs, 

politicians, land owners, tangata whenua and strong motivated individuals with leadership 

capabilities and motivation, were all extremely important in determining the success of integrated 

catchment management at Whaingaroa. 

The eventual withdrawal of institutional project leadership is part of the ACAP model. A transfer of 

leadership and co-ordination of the project to a local community group known as Whaingaroa 

Environment (WE) therefore followed initial assistance from Government agencies, including 

financial assistance from the Sustainable Management Fund1. Numerous other voluntary 

community groups, and in particular Whaingaroa Harbour Care (WHC, members of which focussed 

on riparian planting) carried out complementary work to that of WE. In early 2001, local 
                                                        
1 The Sustainable Management Fund is administered by the Ministry for the Environment and supports 

community groups, iwi/hapu, businesses and local government involved in work that will produce long-
term environmental benefits and promote community action 
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consultants completed a management strategy for the catchment and harbour with support from the 

Regional Council, Environment Waikato. The strategy was then made available to the local 

community for further refinement and was finalised in 2002. 

WHC continue to plant up to 100,000 native trees annually (WHC, 2009) in the riparian zones of 

catchment streams, believing as they do that this is the most effective means of reducing sediment 

and plant nutrient loss from pastoral lands to the harbour. There is some evidence, after nearly a 

decade, of improving health and productivity of both stream and harbour ecosystems (WHC, 2009). 

Some difficulties were encountered in transferring a Canadian model to a New Zealand context. In 

particular tangata whenua were not adequately involved as Treaty of Waitangi partners and some 

other groups felt isolated. It is debatable whether this is a function of the model, or the way it was 

implemented (van Roon and Knight, 2004). The success of examples such as this is part of the 

justification for inclusion of riparian forest protection or restoration as part of LIUDD methods 

summarised in Chapter 4. 

This case study marks the realisation by New Zealand agencies that communities are key drivers of 

ICM processes but they function optimally when supported by research institutions and local 

government. From this time onward communities have consistently been included in collaborative 

partnerships for ICM projects that have been supported by government funding or have been 

initiated under largely non-statutory planning processes under the LGA (e.g. Taupo West, see 

Chapter 6). 

In conclusion: Whaingaroa demonstrates the suitability of the catchment as a spatial framework, 

and of ICM as a methodology, for community initiated and led processes aimed at the 

rehabilitation of a degrading harbour and input streams. 
 
3.8 Motueka River Catchment: multi-stakeholder ICM effectiveness for resolving land use 

/water resource conflicts 
 
The Motueka case study shows how the leadership of LCR has been beneficial in bringing together 

a very broad cross-section of stakeholders to collaboratively solve problems in a catchment context. 

Communication across the sectors has been intentionally facilitated providing benefits particularly 

in the blending and application of science and community knowledge. Key ingredients in success in 

this case were both this leadership and the catchment as a framework for understanding and solving 

complex processes and problems. LIUDD, a later LCR-led programme, builds on this foundation. 

In 1998 a meeting of Nelson-Marlborough Region stakeholders developed a regional vision (‘Blue 

water with life’) and identified land and water uses in the Waimea, Pelorus, Motueka and Takaka 

catchments and marine areas as threats to that vision. The Motueka River Integrated Catchment 
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Management Programme, partnered by LCR, Cawthron Institute (a private research institute), and 

Tasman District Council was initiated as part of addressing those threats. Other participants 

included Forest Research Institute (now known as Scion), the National Institute of Water and 

Atmospheric Research (NIWA), Institute of Geological and Nuclear Sciences, and University of 

Otago. The ICM programme began in July 2000. The methods that follow are common to the ICM 

philosophy and methodology in New Zealand where virtually all catchments have a coastal 

component. The programme goal as described by LCR (2009) involved historical research, 

biophysical experimentation, simulation modelling, and social learning to improve interactions 

between science providers and community stakeholders. 

This project has much in common with and builds on the experiences of Whaingaroa (Chapter 3.7), 

which also had a substantial input from LCR during its establishment. The difference is that LCR, 

the lead research agency in both cases, formed a formal partnership with a local science provider 

and the local council. Tasman District Council, unlike most New Zealand District Councils, is a 

unitary council under the RMA and has planning and environmental management roles both above 

and below high tide mark. 

Several interlinked issues were drivers for the research. There were competing demands for water 

for irrigation and for the internationally recognised trout fishery.  Projects focused on identifying 

how groundwater abstraction affects river flow and habitat values. Further projects evaluated the 

potential for riparian restoration and benefits for native biodiversity. Differing opinions on how 

land uses like forestry and pastoral farming influence river-water and groundwater flows and 

quality demanded answers from research that focussed on understanding the influences of land use 

scenarios on seasonal water yield from the catchment. Another driver was the need to provide clean 

and productive marine waters for mussel and scallop farming in Tasman Bay. Related projects 

focussed on quantifying the influences of land and freshwater management on coastal sea 

productivity (Bowden, 2001; RSNZ, 2001). 

Sound, ecologically-engineered solutions for key problems and issues were considered critical for 

the success of the programme, for example, the use of remotely sensed information to monitor land 

condition and forecast phytoplankton productivity for marine farming operations (Bowden, 2001).  

This is a primary issue for the Motueka where steep coastal land in pastoral and commercial 

forestry uses could be expected to dictate receiving water quality in the Marlborough Sounds, which 

are the focus for bivalve shellfish farming in New Zealand. 

Technical input was sought from industry, tourism, recreation groups and environmental interests. 

There was also a social research aspect, looking at how communities respond to research 

information, and how they can influence the research that is done. Efforts were made to optimise 
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the involvement of non-technical stakeholders from both Pakeha and Māori communities in 

dialogues about how to use science knowledge in decisions about complex resource management 

issues  (Bowden 2001). Scientists reported back to the public on their progress, through the project 

website (LRC, 2009). 

In conclusion: The case study of Motueka demonstrates that when the catchment is used as a 

spatial framework and ICM methodology is applied, research institute leadership can facilitate 

stakeholder collaboration, and the blending of science and community knowledge. Involvement of a 

national research agency can also facilitate the transfer of lessons from project to project 

nationwide. 
 
3.9 Lake Taupo and Catchment: ICM effectiveness in rationalising a community vision for 

lake health 
 
The following case study highlights ICM effectiveness in providing an understanding of land-water 

interdependence, necessary to justify changes to achieve a community vision for receiving-water 

health. It also provides the ICM context for the 

Taupo West ‘low impact’ research, within the 

Mapara Stream sub-catchment, reported in 

Chapter 6.3.3. Constraints on discharges and 

diffuse runoff from the Mapara Stream sub-

catchment are determined by the sensitivity of 

Lake Taupo and its trout-bearing stream 

tributaries. Changes in land use within the 

greater Lake Taupo catchment (Figure 3.1), 

including any that may occur in future in the 

Mapara Stream sub-catchment, need to be 

assessed to minimise detrimental increases in 

plant nutrients from septic tanks, sewage 

effluents and agriculture, and toxins such as 

from urban stormwater. 

Science research that is a component of good ICM provides information on the relationship 

between land use, water quality in receiving waters and the hydrology of the catchment. In the case 

of Lake Taupo science outputs have become major drivers in the design of the development 

management strategies for the Lake (van Roon and Knight, 2004). 

Figure 3.1: Lake Taupo Catchment, Source: 
Environment Waikato 1999 
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Lake Taupo at approximately 620 kilometres2 (km2) in area with a depth of 95 metres is New 

Zealand’s largest lake. As the lake is oligotrophic2 it has very clear water with low levels of 

suspended sediment and phytoplankton (Vant and Huser, 2000). Lake Taupo is under threat of 

increased nutrient loads through land-use changes. Decreases in water clarity were recorded as early 

as the 1970s (Edgar, 1999) and phytoplankton has been found to increase in proportion to 

increasing nitrogen concentrations (Vant and Huser, 2000). 

The ratio of concentrations of nitrogen to phosphorus is important in determining how much plant 

growth occurs. Unlike in the case of many lakes in the world, phosphorus is not the nutrient in short 

supply in many New Zealand lakes including Taupo. New Zealand lakes do not often have large 

amounts of nitrogen (van Roon and Knight, 2004; Vant and Huser, 2000).  It is the availability of 

nitrogen that limits the growth of aquatic plants including the small, suspended plants known as 

phytoplankton, consequently contributing to loss of lake water clarity. Changes in land use that 

deliver nitrogen in abundance to receiving waters within the Lake Taupo catchment will stimulate 

additional plant growth within the Lake. Filamentous green algal slimes and blooms occur near 

sewage effluent discharge points (van Roon and Knight, 2004; Petch et al., 2001). 

Land use in the Lake Taupo catchment has been changing since 1840 before which tussock 

grasslands and native forest dominated. Development proceeded in the western and northern parts 

of the catchment from the 1970s onward and by the mid-1990s nearly a quarter of the catchment 

was in pasture (van Roon and Knight, 2004; Petch et al, 2001). Although nitrogen loads to the lake 

are low compared with most New Zealand lakes they are estimated to be 20 – 30 percent higher 

than they were before development of the catchment. In addition there appears to be a delay in the 

impact of the additional nitrogen as some of it is stored for decades in soil and groundwater before 

making its way to the lake (van Roon and Knight, 2004; Petch et al., 2001; Vant and Huser, 2000). 

Different land uses yield different amounts of nitrogen. Pasture yields between 2 times and 6 times 

as much nitrogen per hectare (ha) than does native forest or pine plantation  (Elliott et al., 2002; 

Vant and Huser, 2000). There is almost twice the area of forest compared with pasture in the 

catchment but pasture contributes more nitrogen to receiving waters. Elliot et al. (2002) calculated 

that nitrogen contributions to the lake were distributed between the land use categories as follows: 

pine and undeveloped land 35%, pasture 37%, rainfall 18%, urban runoff and sewage 3%, and 

foreign water from the Tongariro Power Project 7%. This power project water has been diverted 

                                                        
2 Oligotrophic: fresh water bodies such as lakes can be categorised according to their trophic status. An 

oligotrophic lake has low levels of plant productivity and is characterised by clear waters and perceived 
high amenity values.  
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into the Taupo catchment from other adjacent catchments to the south and west, including the 

Wanganui. 

Dairy farming produces much higher yields (20 – 50 kgN/ha/yr) of nitrogen compared with dry 

stock farming (5 – 15 kgN/ha/yr) (Elliot et al., 2002; Vant and Huser, 2000;). Total nitrogen yields 

for urban catchments with wastewater removed have been reported at 8 kgN/ha/year (Williamson, 

1993). Nutrient yield is a product of both concentration and total discharge from a catchment. 

Discharge is higher from urban than from pastoral catchments, and nitrate nitrogen and ammoniacal 

nitrogen concentrations in urban catchments are on average at least twice as high as those in 

pastoral catchments (MfE, 2007). This would indicate that urban nitrogen yields would logically be 

higher than yields from agricultural land. During the 1990s there was a strong drive to expand 

dairying within the Lake Taupo catchment. By the end of the 1990s it was calculated that if all 

potentially convertible land changed to dairying, nitrogen levels in the lake would increase an 

additional 20 – 60 percent on top of that which is still trapped underground (van Roon and Knight, 

2004; Petch et al., 2001; Vant and Huser, 2000). 

This finding has led to community and regional council (Environment Waikato (EW)) research and 

debate on how to manage land use in Lake Taupo catchment to reduce nitrogen inputs to the lake. 

Alternative productive land uses to dairying that produce less nitrogen but which are suited to 

Taupo’s climate and soils were researched as part of the development of the Land Environments 

New Zealand3 (LCR and MfE, 2005). One such recommended crop was blueberries. In addition, 

some landowners in the lake edge environment have been using this identified need to reduce 

nitrogen to put pressure on Taupo District Council (TDC) to allow increased levels of conversion of 

agricultural land to urban. 

EW resource managers have subsequently considered the degree to which human sourced nitrogen 

inputs to the lake could be reduced and the means by which this could be achieved. EW developed 

Proposed Regional Plan Variation No. 5 under the RMA to manage water quality and, in particular, 

nitrogen inputs to the lake (Environment Waikato, 2009). In 2009 the Environment Court released 

an interim decision on appeals to that variation. 

The science behind lake management and debate about nitrogen reduction has progressed alongside 

a diversity of community and council processes to identify what the community values in the Taupo 

environment are, and how those values are to be sustained. This began in 1996 with a Strategic Plan 

developed by TDC and the establishment of an Agenda 21 process that encouraged the formation of 

community groups to identify these values (Knight, 2000). One such group was the Lakes and 

                                                        
3 Land Environments New Zealand (LENZ): a New Zealand environmental classification based on species – 

environment relationships. LENZ groups together sites with similar  environmental conditions (LCR and MfE, 2005).  
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Waterways Action Group that in 1998/9 undertook a community survey that identified 14 key 

values. A ‘Lake Taupo Accord’ was signed in April 1999 to protect these values identified by the 

community. 

During this period the Tuwharetoa Māori Trust undertook a strategic planning process for its Taupo 

catchment lands. Tuwharetoa and EW were subsequently successful, in 2001, in obtaining 

Sustainable Management Funding from the Ministry for the Environment (MfE) to develop, under 

the name 2020 Taupo-nui-a-tia, an Integrated Sustainable Development Strategy for the catchment. 

Their vision included the bringing together of community, iwi and scientists to co-ordinate access to 

knowledge and identify roles that agencies play in protecting the values previously identified by the 

community (Severne, 2001) in processes of both the Lakes and Waterways Group, and Tuwharetoa. 

The survey results were examined (Sanders, 2001) by the 2020 Taupo-nui-a-tia group, to determine 

whether the values identified by the Accord fairly represented community aspirations. The 2020 

Taupo-nui-a-tia strategy was in turn followed by the release of EW’s Variation to the Waikato 

Regional Plan (Environment Waikato, 2009) on water quality management in the catchment and the 

development by TDC of its first LTCCP as required under the LGA. 

In conclusion: The Lake Taupo catchment case study of ICM reinforces the merits of the 

catchment as a framework for understanding and managing the long-term relationships between 

land use and receiving water quality and ecology. As a non-statutory process ICM can be used to 

set long-term goals for catchments and water bodies unrestricted by review intervals for plans or the 

term of governing political parties. These long-term issues bring together residents and institutions 

that subsequently understand why they have a catchment -based spatial link to each other. The 2020 

Taupo-nui-a-tia project illustrates the nationwide progress made in developing an ICM working 

model that has taken the basic concepts, as developed for example in Canada (Heathcote, 1998; 

ACAP, 1998a; 1998b), and adapted it to fit the New Zealand bicultural context.  EW has been 

involved since the ACAP model was introduced to the Whaingaroa catchment within the Waikato 

Region five years previously, and thereafter transferred this experience to its partnership with 

Tuwharetoa in the Taupo catchment. It can be seen therefore that New Zealand resource 

management institutions, in partnership with residents, are developing a unique ICM methodology 

which reinforces Treaty of Waitangi partnership and uses iwi management plans as a vehicle to 

provide input into the RMA hierarchy of plans and processes. These Māori values in conjunction 

with ICM are captured and aligned within LIUDD in Chapter 4 of this thesis. In Chapter 6 Taupo is 

revisited when LIUDD is discussed in relation to structure planning in sub-catchments of Lake 

Taupo. The section above provides therefore the context for discussion in Chapter 6. 
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The case studies of Whaingaroa, Motueka and Taupo show how ICM is most successful and 

comprehensive when community stakeholders and agencies work together as is required under the 

LGA. 

 
3.10 ICM effectiveness for identifying and arresting catchment sources of contaminants 

degrading confined urban waterways: Orakei Basin 
 
This case study has been included to demonstrate the value of a catchment context in understanding 

and solving receiving water quality problems in estuaries of the Waitemata Harbour. In later 

chapters of this thesis a catchment context is used for designing urban form and drainage systems 

that try to avoid such degradation of estuaries and the streams draining into them. 

The Orakei Basin case study demonstrates the effectiveness of ICM as initiated and dominated by 

the engineering sector, a sector that largely remains as a provider of a service once planning 

decisions are finalised. The ecological and recreational values of the Waitemata Harbour have been 

impacted in new and established urban sub-catchments by urban stormwater and, in older urban 

areas, by overflows from combined sewage-stormwater reticulation systems. Metrowater Ltd 

manages Auckland City’s wastewater and stormwater and is responsible for the minimisation of 

public health and environmental risk resulting from the functioning of the drainage system. 

Investment in drainage infrastructure over the previous decades up to the late 1990s in central 

Auckland had not kept pace with demands from population growth and the deterioration of an aging 

sewerage network.  Auckland City Council (ACC) in the late 1990s, in keeping with the Regional 

Stormwater Strategy (TA-ARC Stormwater Liaison Group, 1998, Section 7.4), resolved to make 

accelerated investment a priority in this reticulation system. Auckland City Council planned a long- 

term programme of separation of stormwater from sewage on a catchment-by-catchment basis 

according to the order of perceived urgency in areas of the greatest community and ecological value 

which were under the greatest threat (City Design 2000, cited in Okleston 2001). 

The most effective and economic approach was to curb the largest sources of each troublesome 

pollutant entering the harbour, thereby reducing its mass delivery as quickly and cheaply as possible 

to below environmentally assessed threshold values.  There was little to be gained initially from 

expenditure on minor sources. In order to focus on priorities the sources of each pollutant in all sub-

catchments had to be assessed. This approach could be equally well applied to the whole Waitemata 

Harbour as to each of the sub-catchments alone. Some sub-catchments of the Waitemata have in-

catchment waters of high recreational or ecological value that therefore deserve priority attention, 

for example Orakei Basin or Otara Lake, which is in the lower Otara Stream catchment that 

includes Flat Bush (Chapter 6). Others like the Central Business District have no valued accessible 
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in-catchment waters for contact recreation or ecology, and therefore are of consideration only as a 

high level contributor to the state of the main harbour. 

Orakei Basin was impounded by a railway embankment, in the late 1920s, to form an aquatic 

recreation facility. Water quality deterioration over the next 20 years resulted in a reduction in the 

recreational appeal of both Orakei Basin and Otara Lake4 although some use has continued to the 

present day. The Basins have had poor bacteriological quality, excessive algal growth, oxygen 

deficiencies and odours. This is a predictable state for any artificially enclosed poorly flushed urban 

water body and is a warning for other groups proposing to impound estuarine arms (e.g., 

Pahurehure Inlet). The recreational potential of Orakei Basin and a desire to reduce its adverse 

ecological effects upon the Waitemata Harbour into which it is periodically flushed, made this 

water body and catchment a high priority for Auckland City Council. To develop asset management 

solutions for the drainage system addressing current and future demands to minimise public health 

and environmental risk, integrated hydrological, hydraulic and water quality models for the 

wastewater, stormwater and receiving environment systems were developed. Pollution loading rates 

and models were used to quantify cause and effect relationships between reticulation system 

performance and the receiving environment, and to identify priority pollution sources and the 

benefits of pollutant load reduction (Okleston, 2001). 

The results of this study clearly showed the proportion of pollutants from different sources in the 

catchment, clarified the impact of stormwater versus sewage source, and enabled decisions to be 

made as to the most cost effective actions to be taken. Useful information is provided by the results 

for individual contaminants of concern because of their ability to cause particular ecological or 

human health problems.  Large amounts of phosphorus, a nutrient likely to stimulate algal growth in 

the basin, entered the water from the Waiatarua Wetland Reserves as a result of its prior life as a 

drained peat bog. As a restored wetland, the phosphates are now adsorbed into the overland and 

through-land flows, ending up in the basin (Hodder, 2001). From these findings it became evident 

which of the potential sources of pollutants it might be cost effective to target for removal in order 

to meet community and environmental objectives (Okleston, 2001). In December 2001 

Infrastructure Auckland granted $5.7 million to Orakei management to capture sediment and 

contaminants in Orakei Creek before they had a chance to enter the Basin (ACC, 2002). By 

removing the sediment from the Creek the amount flowing into the Basin was reduced. 

In conclusion: The Orakei case study demonstrates the value of engineering-dominated ICM for 

understanding and solving water quality problems, and for infrastructure decision making, in 

catchments in established urban areas. The ICM method provides clear cause and effect evidence of 
                                                        
4 Otara Lake was formed by impounding an estuary, to provide cooling water to a hydroelectric station. 
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the sources of at least some critical impacting contaminants and removes the need for making 

political decisions based on inadequate information rather than verified fact. It is now understood 

that sewage overflows and leaks are not the only sources of organic contamination (including plant 

nutrients) and that separation of combined (stormwater–sewage) systems will not solve all 

problems. 

In this type of engineering-dominated ICM, solutions are sought, and prioritisation determined, on 

stormwater and wastewater infrastructure provision and operational issues. The provision of a good 

quality infrastructure network that meets requirements for the protection of public health, amenity 

and convenience is primary. The traditional emphasis has always included the removal of 

wastewater and stormwater as efficiently, completely, and quickly as possible from living and 

working environments. In combination with the early impoundment of Orakei Basin and recent 

urban intensification this traditional approach has led in this catchment to severe ecological and 

water quality degradation of the receiving waters valued for water-contact recreation. The driver for 

change in the catchment has been the loss of amenity and recreational opportunities rather than 

ecological degradation. The achievement of desired ecological outcomes has always been 

secondary in this engineering dominated style of ICM, although statutory requirements and 

consents now pressure providers like Metrowater to include in its functions the achievement of 

ecological outcomes. The engineering dominated style of ICM would benefit from greater 

involvement of the diverse stakeholders and other professionals who are the key initiators and 

drivers of many of the ICM examples reported in this chapter. The reverse is also true. Many of the 

community-initiated ICM programmes (such as Whaingaroa) would benefit from greater input from 

the engineering and science sectors, thereby providing knowledge backup and credibility to 

methods for achieving desired community outcomes. Merging of the two ‘styles’ of ICM therefore 

needs to occur to produce balanced community outcomes. This merging of styles of ICM, and 

avoidance rather than remediation of receiving water ecosystem degradation, becomes apparent in 

LIUDD case studies described in later chapters. The approach is therefore incorporated into the 

LIUDD principles and methods in Chapter 4. 
 
3.11 Fragmented ICM processes: Whau Estuary brownfield sub-catchment of the Waitemata 

Harbour 
 
In contrast to the previous example, this case study depicts a community initiated ICM process.  

This has been paralleled and complemented recently by the preparation by Waitakere City Council 

(WCC) of an ICMP for the stormwater infrastructure network (engineering focused). This example 

provides the catchment context for the New Lynn LIUDD case study discussed in Chapter 5. 
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The Whau catchment is a long established predominantly residential area with some commercial 

and light industrial pockets. The catchment discharges to the Whau estuary, which in turn 

discharges to the Waitemata Harbour in the vicinity of the Pollen Island Marine Reserve. The 

catchment typifies the older style inner Auckland suburbs that have canalised or piped streams, 

extensive impervious surfaces, untreated stormwater and/or combined stormwater-sewerage 

infrastructure. Industrial uses are located down-catchment close to the estuarine riparian zone in 4 

separate areas. The traditional urban layout of most of the catchment has resulted in widespread 

degradation, contamination, and destruction of terrestrial and aquatic ecosystems. 

In recognition of environmental degradation of the Whau catchment, local residents formed in 

January 2000, a community based ecological restoration organisation known as the Friends of the 

Whau (FOW). Objectives include the raising of community awareness about issues and problems 

and mobilisation of community energy and support to remedy the existing situation (Brakey, 2001). 

Practical projects such as water quality monitoring, vegetation care and planting particularly in the 

riparian zone, clean up of streams, student research projects, catchment surveys, and media 

presentations, all help to involve and educate the community. In addition, the FOW proactively 

challenges, and negotiates with, councils, community boards, water supply authorities, developers, 

businesses and property owners, to better manage their affairs and services in a way that will lead to 

a reduction in impacts on the Whau catchment and provide for its restoration (Brakey, 2001). 

New Lynn is a major convergence point for rail and road traffic and its streets are very congested 

adjacent to the Whau Estuary. It was one of many inner city areas identified in the Regional Growth 

Strategy (ARGF, 1999) as a suitable site for intensification of residential use and employment. This 

has given additional impetus to the efforts of WCC to refurbish and restore the central core of New 

Lynn including commercial, community and transport facilities, and to enable an increase in both 

employment opportunities and medium density housing in close proximity to the central core. To 

this end WCC proposed in 2005 Variation 17 to the Waitakere City District Plan (WCC, 2003; 

WCC, 2009) that would enable many of the industrial use areas in New Lynn to be rezoned from 

‘working’ to ‘community’ or ‘medium-density housing’ environments. 

WCC subsequently held a staff charette workshop to establish options for alternative approaches to 

urban layout in the area defined by Variation 17 at which staff were briefed by other stakeholders 

such as Transit New Zealand (as of 2009 called The New Zealand Transport Agency) and owners 

of large retail outlets. The emphasis at the workshop was on suburban layout dominated by the 

creation of employment, housing, retail and transport opportunities. In 2009 the westbound railway 

line that until then bisected New Lynn at street level was embedded in a trench to enable free 

connectivity of roads and walkways without delays at rail crossings. 
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WCC engineers were in attendance and presented information on the stormwater ICMP. The author 

outlined LIUDD and its relevance to future planning for New Lynn and the Whau River catchment. 

Despite these two presentations there was no consideration of the catchment context within which 

this charette exercise was undertaken. Stormwater issues were perceived to be secondary ‘service’ 

considerations that did not need to form part of core business of this charette. The ‘task’ context 

was firmly fixed on the confines of the artificially defined boundaries of Variation 17 that covered 

only the New Lynn central business district and the task agenda was clearly limited to the tasks 

traditionally undertaken by council planners. For this reason major changes to land use within the 

lower Whau catchment are being made without consideration of their consequences for the 

catchment and particularly for the Whau Estuary and Pollen Island Marine Reserve at the mouth of 

the estuary. 

The Whau is a classic example of a community initiated and sustained process with good outreach 

to other catchment stakeholders, decision-makers and regulators. It also demonstrates how the 

professional ‘silo’ effect operates within one of the more highly regarded environmentally-focused 

councils. This limits interdisciplinary participation in critical decision-making that has 

consequences for vulnerable catchments, the ecology of which could be improved. It is sometimes 

members of a community group, unconstrained by professional ‘silos’ and statutory boundaries, 

which have the most holistic understanding of catchment dynamics. 

In conclusion: The Whau catchment and New Lynn show fragmented planning, engineering and 

community processes in a brownfield context. A LIUDD approach outlined in the next chapter is 

needed to pull everything together for improvement in receiving water and catchment outcomes. 

The redevelopment of New Lynn is further discussed in a catchment context in relation to LIUDD 

in Chapter 5. 
 
3.12 ICM effectiveness in adjacent city and countryside areas: ‘Project Twin Streams’ 

Waitemata Harbour sub-catchments of Henderson and Huruhuru Creeks 
 
This case study of the streams that discharge to the Henderson and Huruhuru Creek sub-estuaries of 

the Waitemata Harbour was initiated by WCC and later adopted as a case study in the Auckland 

Sustainable Cities Programme (ASCP). The project started in the late 1990s and by early 2002 was 

well established. Publicity included a WCC public launch, the development of community 

awareness projects, workshops and newsletters. Initially the project involved only the 

Oratia/Opunuku catchment but by 2005 Swanson area catchments draining to the Huruhuru Creek 

were added (ASCP, 2005). The Twin Streams catchments, which cover nearly half of the urban area 

of Waitakere City, extend from the Waitakere Ranges foothills in Swanson, Glen Eden, Oratia and 

Opunuku, to low lying suburban parts such as Massey, Te Atatu Peninsula and finally into the 



 70 

Upper Waitemata Harbour (UWH). The Glen Eden headwaters are already urban whereas those 

further northwest upstream from both Henderson Valley and Swanson, are still in native forest. 

Considerable urban growth is anticipated in the catchments, primarily as urban intensification, 

although pressure continues for further greenfields development in the foothills of the ranges. The 

project has had support from the NZFRST as well as WCC. 

WCC’s early objectives for the project focussed on stream corridors with minimal emphasis on 

restoration of catchment function. Activities were linked to the well publicised ‘Green network’ 

project of the Council, and both projects encouraged the restoration of stream riparian corridor 

vegetation by community volunteers as a means of improving stream ecosystem function and 

building a network of forested corridors from the estuaries to the hilltops. Turn-of-the-century 

objectives for the Project Twin Streams stated by LCR included establishing and demonstrating the 

integration of sustainability into urban planning; fostering innovation in stormwater management 

using ‘low impact design’ methodology; and fostering of a shared community vision, 

empowerment, awareness and participation  (Herald and Graham, 2001; Luckman, 2000). 

Outcomes of the second two objectives have been much more obvious than that of the first. 

Participants were motivated by the quality of Waitakere aquatic ecosystems that are capable of 

being restored (Herald and Graham, 2001). 

LCR has been involved in the Twin Streams project particularly as a provider of science research 

outputs. At the beginning of the project LCR’s intended contributions involved spatial 

environmental data frameworks, the fate and functions of soils, hydrology, sediment and pollutant 

sources, pollutant uptake by soils, catchment water pollutant modelling, stormwater source control 

technologies, biodiversity and restoration of functioning systems, weed and pest control and 

landscape modelling (Luckman, 2000). Environmentally Sensitive Areas were mapped under 

guidance from Professor Schreier of the University of British Columbia, Canada (Schreier pers. 

comm. 2003). Catchment modelling of hydrology and hydrochemistry was undertaken by LCR and 

this revealed that the more urbanised Oratia catchment yields twice as much zinc (2000 kg/year) to 

waterways than does the less urbanised Opanuku catchment (Trowsdale, 2009). This is critical 

information as zinc is the cumulative contaminant of greatest concern for the health of the 

Waitemata Harbour (ARC, 2005b) into which the Twin Streams discharge. The understanding of 

catchment context and catchment dynamics in relation to streams has also been aided by 

‘Riverstyles’ research (Reid et al., 2008), and research on stream ecological and water quality 

condition in relation to catchment context (Diffuse Sources Ltd, 2005; Kingett Mitchell Ltd, 2005). 

Some science outputs available by 2004 for the Oratia/Opunuku Streams made it clear that, despite 

riparian forest replanting and in some places substantial gains in terrestrial biodiversity and 
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landscape appeal, the most sensitive in-stream aquatic organisms had not returned to these streams 

(van Roon and Moore, 2004). It was concluded that, among other things, remediation of catchment 

hydrology would be needed in order to enable this to come about. This reinforced the belief that for 

successful aquatic ecosystem restoration the healthy functioning of the whole catchment, not just 

the stream corridor, is necessary. This topic is further discussed in Chapters 7-9 in relation to 

comparative catchment studies in the Flat Bush Catchment of Manukau City. 

By late 2005 objectives for the Twin Streams project were re-stated, this time by the Auckland 

Sustainable Cities Programme (ASCP, 2005). The project is described as multi-faceted and aiming 

to achieve the long-term sustainable management of the Swanson and Oratia/Opanuku catchments. 

In contrast to early WCC objectives that appeared to focus primarily on the stream corridors there 

was a change in emphasis towards the whole catchment within which substantial science research 

was ongoing after the year 2000. The 2005 objectives stated that the relationship between people 

and the environment is at the heart of Project Twin Streams within which volunteer groups and 

local contractors who restore the environment are supervised (ASCP, 2005). The now-concluded 

ASCP viewed proponents of the Twin Streams project as working towards a local governance 

model for the restoration of local streams. This showed leadership by local people in planning and 

actions towards sustainable development of their local area (ASCP, 2005). 

In conclusion: The Twin Streams project has evolved from its early conception by WCC as a 

community-based stream corridor project to a sustainable management project centred within a 

catchment framework that meets many of the requirements of both the RMA and the LGA. 

Linkages to urban planning and land use change have been among the weakest dimensions of the 

Twin Streams project. ASCP showed awareness of this and took action to adjust the spatial and 

social inclusiveness of the project. 
 
3.13 ICM effectiveness: predicting and minimising the effects of greenfield development upon 

the Upper Waitemata Harbour 
 
This case study demonstrates one of the earliest attempts in New Zealand to link catchment science 

and planning to avoid receiving water ecosystem degradation during greenfield urban development. 

It provided beneficial and early lessons that helped the author in formulating the LIUDD principles 

and methods in Ch. 4. 

The Auckland Regional Water Board, formerly part of the Auckland Regional Council (ARC), 

initiated research on this catchment in the 1980s with some subsequent recent monitoring by the 

ARC (ARC, 2004b; 2002a; 2002b; 1997a). Hobsonville Inlet and the 6 estuarine arms that drain 

into it are popularly referred to as the UWH, although the body of water up-harbour of a line 
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between Pollen Island and Chelsea is also sometimes included under this name. The Hobsonville 

Inlet and tributaries receive drainage from a catchment of 185km2 which comprises about half the 

catchment area of the whole Waitemata Harbour. Large parts of the cities of Auckland, Waitakere, 

and North Shore lie within the catchment of the greater Waitemata Harbour. 

During the late 1960s planners of the Auckland Regional Authority and the district council were 

carrying out structure planning for the Albany Basin. The spatial framework for this structure plan 

was not a catchment, but catchment-based research was to follow almost a decade later. Between 

1978 and 1984 a multidisciplinary and multi-institutional team undertook New Zealand’s first large 

scale Integrated Catchment Management project, the Upper Waitemata Harbour Catchment Study 

(UWHCS) (ARWB, 1983d). The stimulus for this project was the anticipated urbanisation of a 

large proportion of the Lucas estuary sub-catchment better known as the Albany Basin. The project, 

although advanced for the thinking and practice of that time in New Zealand, was mostly 

multidisciplinary rather than interdisciplinary and, as previously mentioned, lacked the involvement 

of the community of residents in the catchment. Some interdisciplinary problem solving did 

however occur. Individuals from the disciplines of hydrology, sedimentology, ecology, and water 

chemistry worked together to determine the mass transport of sediments, nutrients and contaminants 

from catchments to the aquatic ecosystem, and to predict the consequences of changes in generation 

and delivery of these with anticipated catchment land use change. Mathematical models were 

developed to clarify estuarine chemical and physical dynamics both for 1980 and year 2000 

scenarios.  Attempts were made to understand the ecological consequences of model predictions. 

The project developed the most comprehensive information baseline for any New Zealand 

ecosystem at that time. Other primary outputs included the ‘Land and Water Use Management Plan’ 

(ARWB, 1983d) and a series of specialist reports (Briggs, 1983; Hume, 1983; Knox, 1983a; 1983b; 

Smith, 1983; van Roon, 1983; Williams, 1983; Williams and Rutherford, 1983), reviews and 

guidelines (ARWB, 1983a; 1983c) for resource management. (Many participating staff and 

institutions from this project continue to contribute to ICM in New Zealand today, via crown 

research institutes such as NIWA, government agencies and universities.) 

One of the means of determining whether the guidance and science outputs from the UWHCS have 

been effectively applied for the prevention of cumulative environmental degradation in the UWH 

catchment is to examine trends in environmental indicators and to relate these to district plan policy 

formulation and effectiveness over the intervening 24 year period. 

The time scale of predictions and anticipated ecosystem changes set by the UWHC project extended 

to the year 2000. Now that deadline has passed and much of the expected urbanisation of the Lucas 

estuary sub-catchment has occurred, the Auckland Regional Council is collecting fresh data in order 



 73 

to make a temporal comparison with the original data set and optimise research outcomes. Within 

the section below this case study is examined for lessons that might inform the development of an 

LIUDD principles and methods framework (Chapter 4), and its implementation (Chapters 5 and 6). 

If there has been environmental degradation in the last two decades it may be possible to determine 

whether this was a result of either a lack of knowledge in the 1980s or that the knowledge was not 

being adequately incorporated into plans and policies that influence urban design, urban 

management and infrastructure decision-making. 

At the time of the UWH catchment project water and sediment quality analyses focused on 

parameters such as sediment grain size, plant nutrients, and bacteriological condition. The 

monitoring of toxins such heavy metals and hydrocarbons was just beginning. Since that time ‘State 

of the Environment’ monitoring and ‘problem’ targeted research in the Auckland Region has 

determined the gradual accumulation of heavy metals and polyaromatic hydrocarbons in receiving 

waters and sediments. Fine grained benthic sediment in streams, estuaries and mid-harbour areas 

have been the focus of this research as this is the primary medium within which accumulation 

occurs in the physical environment. Accumulation of these toxins in sediments and marine food 

chains have been correlated with the degradation of aquatic ecosystem health and with the declining 

quality of sea foods for human consumption. In the case of Lucas Creek the focus is on zinc and 

copper as these are the heavy metals that are increasing most rapidly with urban intensification and 

rising traffic volumes. Zinc is of particular concern in New Zealand where zinc galvanized 

corrugated iron has been a dominant roofing material for the last century. In the section that 

follows, by way of example, zinc and copper accumulation in the Upper Lucas Creek (Figure 3.2) 

and its catchment are summarised. The zinc and copper trends described in this section are typical 

of rapidly urbanising parts of the Auckland Region, including the Tamaki Estuary catchment which 

includes the sub-catchment of Flat Bush that is discussed in Chapter 6 and later research into the 

aquatic ecosystem efficacy of LIUDD  (Chapter 9).  Older parts of the city with mixed industrial 

and residential uses exhibit higher concentrations of zinc and copper than reported here for this 

example, and indicate, along with modelling results reported below, the likely future condition of 

the Lucas Creek if no corrective actions are taken within the catchment. 

Lucas Creek is a narrow estuary arm, 6 km in length, has fine benthic sediments and requires 11 

tidal cycles to drain completely into the Upper Waitemata Harbour (ARWB, 1983d). This creates 

conditions conducive to contaminant accumulation. The Upper Waitemata in turn drains into the 

mid-section of the Waitemata Harbour, the benthic sediments of which have also been monitored 

for heavy metals. Dominated by the Lucas Stream the catchment of the Upper Lucas Creek, and 

Oteha Stream sub-catchments, are 5.6 and 12.2 km2 in area respectively, and up until 1980 were 
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mainly rural in character. Urban development began in the predominantly pastoral Oteha sub-

catchment in the early 1980s, and by the turn of the century land cover included extensive areas of 

light industry, warehousing, a sports stadium, shopping mall, medium density housing, wide 

bitumen roads and car parks. This land use transition is not unlike that occurring in 2008-09 in Flat 

Bush, which is discussed later in this thesis as an example of partial uptake of LIUDD. Impervious 

surface areas and traffic 

volumes have escalated 

in the Lucas catchment 

and the main northern 

arterial route out of 

Auckland City divides 

the catchment of Lucas 

Creek Estuary. The 

Lucas Stream sub-

catchment, which 20 

years ago was covered in 

a mixture of indigenous 

forest and pasture, has 

more recently begun to be developed for low to medium density housing. 

 There is some evidence of increasing concentrations of heavy metals in the water of streams 

leaving the sub-catchments of Lucas Creek estuary (Figure 3.2), concentrations which have a high 

temporal variability. Monthly results (ARC, 2003b) were used to derive annual median values. By 

way of an update the median recorded in 2006 was 0.045 mg/litre total zinc. 

 The clearest and most reliable evidence of heavy metal accumulation in the catchment is from 

depth profiles of benthic sediment concentrations in the Upper Lucas Creek Estuary (Figure 3.3; 

ARC, 2003a).  Data was averaged from nine sediment cores. The age of the sediments increases 

with depth. The net sediment deposition rate for Lucas Creek, over the period since European 

settlement in New Zealand, was around 2 mm per year (Vant et al., 1993). The predicted future rate 

is around 8 mm per year (ARC, 2003a). As shown in Figure 3.3 there has been a build-up of zinc 

and copper over time. The decline in concentration near the surface is likely to be the result of the 

dilution of surface sediments with less contaminated clay-like sediments from recent urban 

earthworks (ARC, 2003a). 

 The Auckland Regional Council has developed a ‘traffic light’ system for reporting concentrations 

of heavy metals and marine ecological community health in the near shore coastal environment. In 

Figure 3.2:  Concentrations of total zinc in water of the lower Oteha Stream 
                    1996 – 2004 (ARC, 2003b).  
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the case of heavy metals, the colours red, amber and green relate to concentrations in benthic 

sediments as shown in Table 3.2. These colour categories relate to ecological health and are 

reported as ‘environmental response criteria trigger levels’ in the Auckland Regional Plan: Coastal 

(ARC, 2004e). The criteria are based on widely accepted sediment quality guidelines (ARC, 

2003a). 

 Zinc concentrations in the benthic surface sediments of Lucas Creek are still in the ‘green’ 

category. It is believed that there is a time lag in estuarine surface sediment concentrations relative 

to higher zinc concentrations in the streams of the catchment. This is attributed to a process known 

as bioturbation in estuaries whereby benthic animals mix surface and subsurface sediments together 

thereby diluting the higher concentrations of the most recently settled sediments (ARC, 2004d). 

This creates a masking effect. Bioturbation depths in the Lucas Creek estuary have been estimated 

to be 13 centimetres (ARC, 2004c). Eventually the estuary and catchment could be expected to 

come into equilibrium and the ecological consequences will begin to show more clearly. 

Figure 3.3: Concentration profiles of zinc and copper in the top 45 cm of sediment from a 
mudflat in Lucas Creek (ARC, 2003a, adapted from Figure 4.5) 

 

Table 3.2: Zinc and Copper concentrations in Lucas Creek benthic sediments compared to traffic light 
colours assigned to environmental response criteria (ARC, 2004e, adapted from Table 20.1A; ARC 
2003a) 
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 Multivariate modeling has been used (ARC, 2003a; 2002b) to assess the health of benthic 

communities in the Auckland Region. The ecological health of the Lucas Creek benthic community 

is degraded as indicated by its amber ranking in this modeling process (ARC, 2003a). Of particular 

relevance is the belief that actions that reduce or reverse the accumulation of contaminants are 

likely to improve ecological health or, at worst, delay degradation. 

For sites like Lucas Creek that have amber sediment quality and amber benthic ecology rankings, 

recommended assessment procedures include prediction of future sediment quality, followed by a 

management response based on the predicted rate of change in that quality. The rate of change in 

quality at this site is driven by the rapid rate of urbanisation in these catchments, and changes to 

land-use management and industrial/ building practices. Lucas Creek has been assessed for copper, 

which was expected in 2003 to reach a red ranking by 2009 (ARC, 2003a). This puts Lucas Creek 

into a high priority category for immediate action (ARC, 2003a). 

Using modeling to predict contaminant accumulation in the harbour NIWA as consultant to the 

Auckland Regional Council, reached some key conclusions regarding the future of the Lucas Creek 

catchments. The lower main body of the Waitemata Harbour is predicted to exceed the red traffic 

light for benthic sediment zinc within 30 years, even under maximum attainable controls (ARC, 

2004d). The Lucas sub-catchments are predicted to contribute a massive 85% of the zinc that 

deposits in the lower main body. 

The critical need to stem sources of zinc and copper from the catchments to protect the ecology of 

the Lucas Creek and the Waitemata Harbour is applicable to all New Zealand urban areas 

discharging to confined water bodies. Further research into the sources of zinc and copper in urban 

areas of the Auckland Region provides information on necessary changes to urban form, land use 

management, and infrastructure that may be effective in minimising contaminant generation, 

transport, and containment. These will be included in the LIUDD principles and methods of 

Chapter 4. Commonly believed sources of zinc include vehicle tyres, galvanized building materials 

such as roofs, paints and industrial activities. Assumed sources of copper include vehicle brake 

pads, plumbing and industrial activities. Research by Auckland Regional Council (ARC, 2005b) 

showed the proportion of these metals derived from different catchment sources within several 

catchments with different land use combinations that are common but not necessarily typical of that 

found throughout the region. In commercial and industrial areas zinc losses are dominated by roof 

sources and in commercial areas roads are the second largest source. In an older residential suburb 

approximate contributions to zinc loads from catchments are from roofs 45%, roads 15% and 

building walls 10%.  The sources of copper in these catchments are as yet less well defined 

however roads contribute at least 25% of copper in commercial and established residential areas 
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(Figure 3.4, ARC 2005b). Timperley (2007) provided an updated review of knowledge with respect 

to chemicals including metals of stormwater origin in the Auckland Region and attempted to relate 

these to marine benthic organism effects. 

Further research undertaken by Kingett Mitchell Associates on behalf of the New Zealand Ministry 

of Transport demonstrates relationships between heavy metal concentrations in road dust and the 

number of vehicles per day crossing the road intersections sampled (Figure 3.5). This indicates that 

metal yields from catchments are likely to increase with increasing traffic volumes typical of the 

Oteha sub-catchment over the past decade. 

This evidence contributes to the formulation of LIUDD principles/policy and methods that lead to 

an urban form that minimises dependence upon private vehicles and minimises distances travelled 

for the meeting of everyday needs. 

Figure  3.4:  Mass budgets for copper and zinc in catchments in the Auckland Region that have 
different land use profiles (ARC, 2005b) 
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3.13.1 Time-lags and cumulative 

degradation 

In order to determine whether a delay 

in the response of council planners and 

engineers to the findings and 

guidelines from the UWHCS 

contributed to the ongoing ecological 

degradation of Lucas creek estuary, the 

knowledge and policy of that time was 

examined.  Appendix A.1 shows time 

periods from the beginning of the 

UWHCS in 1978 to the present in 

relation to awareness of heavy metal pollution, land-cover in the sub-catchments and the policy 

focus of relevant regional and district plans. 

The table shows that plans prior to reforms of the late 1980s did not fully address issues of 

environmental quality arising from urban development. Before 1985 there was an emphasis on 

water quality and particularly on parameters concerned with sediment loss, human health effects, 

and eutrophication. Policies were general although plans did recognise that there were needs for 

environmental safeguards. The completion of the UWHCS in 1983 was a significant point in 

shaping future planning policies. It signalled an awareness of the relationship between land 

subdivision and sediment loss, and of the fact that contaminants can attach to sediments, although 

this was not widely appreciated at the time, beyond a small science community. The early 1990s 

were pivotal as it was then that the evidence on the heavy metal build-up in benthic sediments of 

receiving water bodies developed some statistical reliability. Fortunately the confirmation of this 

knowledge coincided with the development of the North Shore City Proposed District Plan. Policies 

were written to encourage the design of stormwater systems, which detain and improve the quality 

of stormwater, and retain and remove contaminants to protect aquatic ecosystems and riparian 

margins. These were the foundations of ‘low-impact’ stormwater management methods promoted 

20 years later and incorporated within LIUDD, although the devices used in 2009 are more 

sophisticated. By 2001, knowledge of the build up of heavy metals in sediments of catchment 

streams and estuaries like Lucas and the relationship with land uses within the catchment was 

stronger, in turn informing the development of the Auckland Regional Council’s Air, Land and 

Water Plan.  This plan is much more complex than previous documents and addresses issues of 

peak flow reduction, hydrological neutrality and the removal of solids.  In addition, the 

Figure 3.5:  Copper, zinc and lead concentrations in <63 

micron fractions of road surface material between 

intersection sites of different traffic volumes expressed as 

vehicles per day (MoT, 2002).  
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development and interfacing of new instruments such as the ICMPs, network management plans 

and structure plans used by the regional council and its city and district councils should assist in 

achieving a more integrated approach to land use and water management. Urban form in some sub-

catchments of the Lucas Estuary was fixed before information became available on heavy metal 

accumulation. Considerable residential and industrial growth occurred in the Oteha sub-catchment 

prior to the mid 1990s.  As already noted, accumulation of zinc and copper will continue as a 

consequence of existing developments approved under a much less stringent regime, despite more 

robust measures now in place for new developments.  Thus, on-going degradation will continue to 

occur for many years. 

This analysis highlights the need for a close partnership between the scientists and urban planners 

enabling the identification of problems and secondly solutions that can be incorporated into the 

development of appropriate policies and plans and their implementation. There was in the Lucas 

Creek case a time-lag of 15 to 20 years between awareness of contaminant accumulation and its 

causes by the science community and a response to that by the council in terms of policies that 

would control contaminant sources. In the meantime zinc and copper concentrations in the Lucas 

estuary went on increasing. 

This policy response was assisted in the 1990s by the development of an effects-based planning 

regime, along with sets of non-mandatory planning instruments. This was in contrast to the more 

prescriptive approach that typified the ‘town and country’ planning era. Professionals need 

particular skills, which enable them to work effectively on an interdisciplinary basis, quickly 

appreciating the complexity of problems and proposing solutions (Dixon, 2005b; van Roon, Dixon 

and van Roon, 2005). There are difficulties in the Auckland Region in respect of both inter-council 

relationships as well as within councils where organisational arrangements are not always 

conducive to staff working across disciplinary boundaries (Dixon, 2005b), or where there is a lack 

of a research culture. 

This analysis of Lucas sub-estuary catchment draws attention to the value of ICM as a framework 

for understanding cause and effect in the relationship between land/use and aquatic ecosystem 

health. It shows the significance of urban form as a key driver of contamination and the need for 

design and development practices (like LIUDD) that minimise the adverse environmental effects of 

land development. At a strategic level the discussion underscores the importance of choosing 

appropriate locations for intensification on greenfield sites, away from sensitive receiving waters.  

The importance of site selection for urbanisation is a lesson incorporated into LIUDD principles 

formulated and discussed in Chapter 4. 
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Addressing cumulative effects is both challenging and long term. In plan-making under the RMA in 

New Zealand it can take years for new plans to be negotiated through legal processes which make 

them operative, so there is a need for a planning system that is more responsive to the generation of 

knowledge, and that will require a significant change in development practices. While the new 

plans and policies outlined in Appendix A.1 represent a major step forward in addressing the 

incidence of zinc and copper in estuarine sediments, the efficacy of implementation in respect of 

decision-making on individual applications is yet to be assessed. With respect to single applications, 

there remains the issue of how to manage cumulative effects where the policy framework is not 

sufficiently robust. 

As the first major ICM project to be undertaken in New Zealand this case study demonstrates how 

little community participation and contribution was acceptable at that time, unlike under the LGA 

since 2002. It also demonstrates that despite sound science based recommendations and guidelines 

on necessary changes to planning, design and management of new urban areas in the catchment,  

and uptake and implementation of these by councils was very slow, with ongoing consequences for 

the health of parts of the receiving water environment. 

The linkages among policy, local action, regulations and natural systems are tenuous and not often 

well understood or appreciated (Bennett and Vitale, 2001). While statutory planning and 

environmental assessment systems are becoming more responsive to the incorporation of ecological 

principles, the complex nature of the physical environment is often not well-captured and 

understood in land use plans (van Roon, Dixon and van Roon, 2005). This appreciation is critical 

for the identification and management of cumulative environmental effects. 

In conclusion: The Upper Waitemata Harbour case study demonstrates an early council-led attempt 

to link catchment science and planning to avoid estuarine degradation during urban development. 

Scientists and engineers, with the involvement of planners being limited to infrequent managerial 

meetings, dominated the research team. Critical delays in converting science findings to planning 

and urban design action have allowed the degradation of the Lucas estuary to continue unchecked, 

and need to be avoided in future. 

 
3.14 ICM effectiveness in the determination of the suitability of catchments for urbanisation 

in relation to their ecological carrying capacity 
 
3.14.1 Hauraki Gulf sub-catchment of Okura Estuary 

This case study provides background and justification for site selection based on ecological carrying 

capacity to be a priority principle of LIUDD in Ch. 4. The Okura estuary and catchment lie at the 

northern extremity of the Auckland Metropolitan Area. An ecologically productive and, by 
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Auckland standards, relatively pristine estuary lies mostly within the Okura-Long Bay Marine 

Reserve. The presence of the Marine Reserve adds weight to the need for conservation in both the 

estuary and catchment.  The need to protect the estuary has resulted in long-standing resistance by 

both local and regional communities, to urbanisation of the catchment. The Environment Court in 

1996 determined (Environment Court, 1996) that the Okura catchment should remain rural but 

allowed for the urbanisation of the adjacent Long Bay catchment discussed in relation to ICM based 

LIUDD in Chapter 5. Debate has followed as to what rural really means for the Okura catchment. 

Combined local government councils with responsibilities in the catchment (ARC, North Shore 

City Council (NSCC) and Rodney District Council (RDC)) have sought answers to the risks 

imposed on the ecology of the estuary by development of any kind in the catchment. Rural use 

could include lifestyle block developments down to 1 ha in area5. Sediment generation on such 

blocks is expected to come mainly from building sites, and the construction of additional roads and 

driveways. 

NIWA was contracted to assess the risk to estuarine ecosystems of various land use scenarios for 

the catchment. NIWA assessed the sensitivity of estuarine habitats to sediment deposition (Norkko 

et al., 1999) and related this to possible sediment generation and delivery under the various land use 

scenarios using computer simulation modelling (Cooper et al., 1999). An important component of 

this research was also the modelling of estuarine processes to enable prediction of the locations 

within the estuary where the sediment would be deposited particularly during storm conditions 

(Green and Oldman, 1999). The report by NIWA concluded that all rural intensification options in 

the Okura catchment pose a risk to the ecology of Okura estuary and that the level of risk 

considered to be acceptable, needed to be defined and matched if possible to sediment control 

strategies (NIWA, 1999b, cited in Beca Planning, 2000). 

In September 2000 Beca Planning prepared for the combined local councils a report on the 

implementation risks associated with alternative lower risk land use scenarios for the Okura 

catchment. Of the original 12 scenarios only 3 were considered serious alternatives in terms of 

ecological risk. Key conclusions included: 

• A ‘no further development scenario’ might be challenged by future decisions on non-

complying resource consent applications or plan changes by future Councils. 

• A ‘no further development with environmental controls’ scenario, providing the least risk 

from an ecological perspective, would provide controls such as fencing of riparian areas, 

protection of coastal margins, sediment control measures, minimising earthworks during 

development and the limiting of earthworks to dry months. Beca considered that from an 

                                         
5 A major motorway requiring very strict sediment control retention techniques has also been built through the catchment. 
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implementation perspective this scenario posed a number of difficulties, as the 

development controls are put in place through the subdivision process, which enable 

developers to pay for the mitigation measures. In this instance, the opportunity to impose 

these controls had already been lost with the exception of the development of some vacant 

titles (Beca Planning, 2000). Beca considered that the outcomes sought by Council could 

not be guaranteed as they were dependent upon persuading landowners to act. They 

considered therefore that this ecologically favourable scenario had implementation risks 

that made it less desirable than the following scenario. 

• A scenario ‘enabling 2 ha subdivision with environmental controls was considered to 

include the greatest number of mitigation mechanisms and to be the more feasible in terms 

of implementation. This scenario secures environmental enhancement measures that over 

the longer term are likely to mean a stable land use pattern can be achieved. ‘Applications 

for non-complying resource consents for higher densities (e.g. 1 ha) could still be applied 

for, given that the District Plan would enable 2 ha subdivision, Council would not be faced 

with arguments related to reasonable use of properties, and could encourage developers to 

work within the 2 ha density rules’ (Beca Planning, 2000). Beca recommend the use of 

open space covenants to ensure further subdivision does not occur in future, thus 

protecting Okura in perpetuity. 

• In late 2000 Worley Consultants/Meritec and Bioresearches Ltd. were contracted by NSCC 

to produce Comprehensive Stormwater Catchment Management Plans for the 6 southern 

sub-catchments of the Okura estuary (NSCC, 2000). 

• Okura Residents and Ratepayers Association has actively represented the community in 

the past in many ways including supporting the Marine Reserve established in 1995. 

In conclusion: This case study demonstrates how useful the ICM framework is for analysing and 

applying scientific research outputs that demonstrate the ecological consequences of alternative 

development scenarios. The case study provides justification for urban site selection based on 

estuarine carrying capacity. In this example scientific knowledge has been sought and promptly 

responded to by Regional and District Councils with positive ecological outcomes to date. Lessons 

learned, from this and the following case study, are foundations for the development of LIUDD 

principles and methods in Chapter 4 that prioritise good site selection. 

3.14.2 ICM effectiveness in determination of ecological carrying capacity for urbanisation: 

Hauraki Gulf Adjacent Whitford sub-catchments Mangamangaroa, Turanga and Waikopua 

The catchments and estuaries (Mangamangaroa, Turanga and Waikopua) that discharge to the 

Howick Beachlands embayment, east of Auckland near Whitford, have, like the Okura catchment 

and estuary, been under scrutiny in anticipation of land use intensification or urbanisation. Also like 
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Okura, this catchment, sometimes referred to as the Whitford catchment, lies immediately outside 

the metropolitan boundary of the greater Auckland Region. These boundaries are defined and 

defended under the Auckland Regional Policy Statement (ARC, 1999b) supported by Auckland’s 

Growth Strategy (ARGF, 1999). Integrated Catchment Management methods and postgraduate 

university research studies (Goodhue, 1999; Heighway, 1999) have been used to assess catchment 

and estuary ecosystems and the consequences of human interventions in the catchment. In a joint 

project between the ARC and Manukau City Council (MCC) a linked suite of predictive models 

were applied by NIWA (as consultant to the above Councils) to anticipate the consequences for the 

aquatic environment of land use intensification.  These predictive models (or their predecessors) 

were previously used in the Mahurangi and the Okura Catchments. 

“The Whitford catchment covers 72 square kilometres and includes several 

embayments, sub-estuaries, feeder-rivers and streams. ….The Whitford Catchment 

consists mainly of farmland, however proposed changes to the present regime could 

see 1 – 4 hectare lifestyle blocks become the main feature of the area. On average 

0.25 hectare of bare earth is exposed per building site. Therefore it is vitally 

important to predict the likely impact a change in zoning could have on the estuaries 

and embayments. Understanding how water-borne sediment would be dispersed in 

the estuaries and embayments and its ecological effects are key parts of the project” 

(Oldman and Becker, 2001: 2). 

Habitats in the estuaries were mapped to identify ecologically sensitive areas that might be 

damaged by sediment deposition. The Watershed Assessment model predicted the impact of 

changes in land use on sediment delivery and estuarine models predicted the fate of terrestrially 

derived sediment. The models were linked to determine where sediment might settle, the likely 

thickness of that settlement and the impacts of that sediment on saltmarsh, mangroves and estuarine 

benthic invertebrates. This was related to other ecological knowledge gathered on fish, birds and 

stream life. Stable isotope techniques were used to track terrestrial sediments through the estuarine 

food web (Oldman and Becker, 2001). Excellent outcomes from these model studies show how 

useful this tool is for planners and resource managers required to make decisions on land use 

change in urban fringe catchments. MCC has responded to these findings by retaining most of the 

catchments of Waikopua, Mangemangeroa and Turanga in rural 1 or rural 2 zoning in the Manukau 

Operative District Plan (MCC, 2002b). 

In conclusion: This case study is complementary to that of Okura in that it demonstrates the 

importance of an ICM context within which to research and understand the consequences of 

alternative land use scenarios upon receiving water ecosystem health. It therefore reinforces the 

need for careful site selection of catchments for future urbanisation. 
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3.15 The Hauraki Gulf: a large complex mixed-use catchment and receiving waters 
 
Urban and urbanising catchments and receiving water ecosystems form a nested hierarchy within 

the Hauraki Gulf. Sub-catchment diffuse runoff feeds first, second and, sometimes, third order 

streams that, in turn, feed estuaries that then flow into harbours or directly into the Gulf proper. The 

health and water quality of all of these water bodies is of paramount importance to the inhabitants 

of the Auckland Region. The greatest threats to the sustainability of the Gulf result from 

contaminants of both urban and agricultural origin including fine sediment and stormwater 

contaminants (Hauraki Gulf Marine Park Forum, 2008). Changes to urban form, urban management 

and urban renewal are therefore among those necessary to arrest the accumulation of contaminants 

throughout this hierarchy of receiving-water ecosystems. Of the case studies discussed in this thesis 

the following discharge directly or indirectly to the Gulf: Okura (Ch. 3.14), Long Bay (Ch 6), 

Upper Waitemata Harbour (Ch. 3.13), Twin Streams (Ch. 3.12), Whau (Ch. 3.11), Orakei (Ch. 

3.10), Flat Bush (Ch.6), Whitford catchment (Ch.3.14), and Waiheke (Ch.5). 

The Hauraki Gulf demonstrates the nested hierarchy of ICM planning and management from sub-

catchment neighbourhood to region. An understanding of the holistic management of the Gulf as a 

single catchment ecosystem, the condition of which is expected to improve by the cumulative 

implementation of LIUDD within its sub-catchments, has been demonstrated by van Roon and van 

Roon (2009) and is further discussed in Chapter 10. The mechanism for achieving integrated 

catchment management of the Gulf is the Hauraki Gulf Marine Park Act 2000, which is discussed 

in Appendix A.2. 
 
3.16 Discussion 
 
Successful ICM tends to evolve towards a common model, elements of which have been outlined 

by Bowden (2001), Heathcote (1998) and Reimold (1998). The catchment provides a context for 

the merging of multidisciplinary and multi-institutional information and thereby facilitates dialogue 

across sectors for common resource management problem solving. The common model for ICM 

requires fine-tuning to adapt it to the cultural context of each nation and to the unique biophysical 

and social context of each catchment. In many cases across coastal New Zealand (e.g. Whau) 

elements of ICM are present but remain unacknowledged due to a lack of leadership and coherence 

across catchment stakeholders. Resource management outcomes are therefore not optimised in 

these cases. 

Of the numerous models of ICM that exist throughout the western world most approximate either 

the community-council approach to policy formulation and management promoted by Heathcote 

(1998) or adopt a classical but narrower engineering approach whereby water, wastewater and/or 
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stormwater flows are quantified or modelled in relation to current and possible future infrastructure 

capacity. ‘Three waters’ infrastructure provision, operation and management are the primary 

drivers. The engineering sector provides a service. There is a need for the catchment to be used as 

the common spatial unit of urban site selection, urban design, construction, monitoring and 

management by all professionals (not just engineers and hydrologists) working in an integrated 

manner on all these phases. 

Secondly there is the community/council collaborative ICM where the catchment is recognised as 

the essential source of effects that determine the health of natural resources that the community 

seeks to protect. The latter fits with the LGA approach. Of the examples described in this chapter 

few are engineering driven.  The remainder are community, council or crown research institute 

initiated. There are patterns in the diversity of stakeholder involvement. 

In the late 1990s there was realisation by New Zealand institutions that communities are the key 

drivers and success-makers of ICM processes and that communities function optimally when 

supported by research institutions and local government. In some cases, unfortunately, such 

community and institutional ICM processes run parallel to each other without ever fully merging 

(such as in the Whau). 

Council-initiated ICM examples (with the exception of Twin Streams) are often short-term projects 

of 5 years or less focussed on formulating policy, identifying resource management or land use 

options and in some cases introducing necessary statutory or regulatory changes. The decade of 

initiation of council projects determines the diversity of other stakeholders involved, from little in 

the 1970s and 1980s to a wide diversity after the year 2000. 

From the late 1990s onward communities have consistently been included in collaborative 

partnerships for ICM projects that have been initiated by institutions and supported by government 

funding. ICM projects that are the most effective and long-term draw in and retain the involvement 

of the greatest diversity of collaborators including tangata whenua, councils, research institutes, 

NGOs, government departments, residents and landowners. Over the decades, this has become 

increasingly well understood and implemented by ICM initiators such as LCR, encouraged by the 

policies of research funding organisations such as the NZFRST. 

Whilst communities are key drivers of ICM processes, they function optimally when supported by 

local government and research institutions. Science and engineering research outputs inform and 

motivate communities who are seeking practical solutions to issues that obstruct the implementation 

of community vision. The catchments of Whaingaroa, Motueka, Twin Streams, and Taupo show 

how ICM is most successful and comprehensive when community stakeholders and agencies work 

together. 
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Community vision for clean ecologically functional waterways at any scale (e.g. Lake Taupo, 

Orakei Basin, Otara Lake, or, the Marlborough Sounds downstream of Motueka) necessitates an 

understanding of the catchment sources of problem-causing contaminants or excessive water 

consumption. These sources can then be targeted or prioritised by, for example, limiting the 

prevalence or location of implicated land uses (urban; dairying) and/or, by expenditure on new 

infrastructure. 

The catchment is ‘coming of age’ in New Zealand as a preferred unit of design and management. It 

is clear from the examples within mixed rural and urban land use in this chapter, that ICM is 

increasingly being recognised as the context within which to understand and intervene in causal 

relationships that drive resource degradation in receiving waters and catchments. Understanding 

these causal relationships, as shown in the examples in this chapter, enables the avoidance of 

receiving water problems most often caused by changes in hydrological regimes, eutrophication, 

sedimentation or contamination, all of which were introduced in Chapter 1. These processes are in 

turn driven by catchment conditions that can be managed through the fulfilment of the statutory 

obligations of district and regional councils under the RMA and the LGA, to minimise adverse 

effects. 

In the urban context, the ‘effectiveness’ of ICM relates to the suitability of the spatial framework 

and methodology for revealing linkages between causal agents and downstream problems that once 

identified can be remedied, or in future avoided, through urban location, design and management. 

Avoidance results from site selection for greenfield development, and assessment of the urban 

density that is practical within the ecological carrying capacity of the catchment and its receiving 

waters. 

The Hauraki Gulf Marine Park demonstrates how ICM operates in a cascade of embedded 

catchment scales from regional to local. The Hauraki Gulf, like Lake Taupo or the Marlborough 

Sounds near Motueka, is highly valued as a regional receiving water subject to the cumulative 

discharge effects from a multiplicity of sub-catchments some of which independently have in turn 

successful ICM processes already operating. 

The ICM approach is very adaptable in seeking clarity on and solutions to problems that arise 

amidst highly complex interactions between valued terrestrial and aquatic natural resources and 

human activities. In the Chapter 2 discussion on ‘Systems Thinking’ there was acknowledgement of 

complexity and the need to manage constant change in catchment ecosystems.  ICM should bring 

about simultaneous optimisation of positive outcomes for all terrestrial and aquatic components of 

the catchment whilst meeting expectations of the human community. ICM is a valuable framework 

within which to understand the sources of hydrological changes and contaminants that degrade 
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aquatic receiving environments, and this understanding enables targeted prioritisation for avoidance 

or control of those contaminant sources in infrastructure investment and land-use management. 

ICM has merits as a context within which to understand the cumulative environmental effects of 

land use change, and the consequences of delays in converting the scientific understanding of 

consequences into effective policies for catchment management. 

Responses by the planning profession to land use derived cumulative environmental effects, such as 

that demonstrated in the Lucas estuary, need to be faster, clearer and backed by ongoing monitoring 

to prove effectiveness. Can LIUDD as defined, developed and monitored in this thesis make a 

major contribution to this? The Upper Waitemata Harbour case study shows that New Zealand and 

in particular the Auckland Region has been evolving towards a catchment-based LIUDD 

methodology over the past three decades. However, critical delays in converting science knowledge 

to planning and urban design action are harming the environment and need to be avoided in future 

catchment-based greenfield development. 

The use of ICM alone has weaknesses; at the catchment and regional scales inputs and connections 

between catchments via ground-water flows and interconnecting terrestrial ecosystems and air-

currents all need to be considered.  ICM is best used as a building block in a hierarchy of design and 

management scales which move from individual lot to catchment to bioregion and ecoregion. 

Actions at the lot and neighbourhood scales are likely to be more appropriate when the catchment 

context is taken into consideration. 

ICM is a framework for ongoing dialogue about the catchment that includes the revisiting of issues 

and management options, the adoption of new technologies and management thinking, and delivery, 

as required under the LGA, of the vision of the many communities wishing to achieve the ideal 

catchment state. 

 
3.17 Conclusions 
 
Integrated catchment management has been evolving over the past 60 years in New Zealand with 

limited intermittent international influence on that evolution. The general trend has been from a 

scientifically based use of the catchment in the 1940s to 1960s as a spatial context for data 

collection and interpretation to a much broader use of the catchment in the 1990s and 2000s as a 

framework for integrated resource management decision-making involving the community and 

diverse professional disciplines. Stakeholder collaboration has broadened steadily with time 

between 1970 and the present. However, many projects are clearly led either by the community (for 

example Whaingaroa) or by a research institution (for example Motueka). Although the transition 

described above is the general trend, specialised use of catchments as the spatial framework for 
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technical problem solving and infrastructure network design is still presently carried out 

predominantly by the engineering profession; case studies such as Orakei (Chapter 3.10) 

demonstrate the efficacy of this for the prioritisation of infrastructure expenditure. Despite the fact 

that the concepts of ICM are very compatible with tangata whenua approaches to resource 

management there is minimal Māori involvement nationwide in ICM. (Taupo is one exception.) In 

general it is institutional participants who have been aware of the need for comprehensive 

collaboration who have drawn tangata whenua into ICM processes as is demonstrated in Motueka. 

To that extent therefore New Zealand is yet to practice consistently ICM methods that are distinctly 

home grown. ICM has proven to be valuable as a context for assessing and understanding 

cumulative change over several decades in catchment ecosystems, and therefore provides 

information to planners that become the justification for policy positions aimed at avoiding further 

degradation. Case studies discussed in this chapter show that planning responses, despite the best of 

intentions, are not always prompt enough to avoid cumulative degradation, as in the case of the 

Upper Waitemata Harbour (Chapter 3.13), and in other cases (3.14), appropriate planning responses 

have led to avoidance of the degradation of peri-urban aquatic environments which can occur 

through the urbanisation of catchments. The real challenge for the Auckland Region lies in the use 

of cumulative lessons from multiple catchment studies within the Hauraki Gulf to avoid any 

cumulative biophysical degradation of the superb Gulf aquatic environment that is so central to the 

quality of life in the Auckland Region. 

It is therefore concluded that the catchment is an appropriate spatial scale for the development of 

LIUDD. The use of ICM to achieve the avoidance of adverse ecological effects is a primary focus 

of the LIUDD principles and methods, which are defined in the following chapter. Subsequently in 

Chapter 5, where the principles framework is applied to cases, ICM remains a context for 

discussion and analysis. In Chapter 6 there is an examination of LIUDD structure planning in an 

ICM context using three major case studies. Finally in Chapters 7 to 9 comparative catchment 

studies are used to examine the ecological efficacy of the partial uptake of LIUDD. 
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Introduction to Part II 
 
 

Part II is focused on defining and refining the approach to LIUDD. The objectives of this part of the 

thesis are to present a Principles and Methods framework for LIUDD, to show the application of the 

framework to a range of case studies, and to demonstrate catchment-based structure planning as the 

primary means of implementation. In order to make LIUDD a mainstream practice it is first 

necessary to have a clear definition of the approach. Although a brief written definition has been 

attempted in Chapter 4, a description for such a complex practice was never going to be 

comprehensive. Instead, LIUDD is most clearly defined by the inclusions and exclusions within the 

framework presented. 

Investigating the application of the framework to cases in Chapter 5 is a useful means of 

determining its appropriateness, comprehensiveness, and practicality in a diversity of development 

types and ages. Some of these developments precede the framework itself but some of the methods 

within the framework have been used individually for decades.  

There are diverse motivations for applying an LIUDD approach to development and some examples 

of structure planning for greenfield residential developments are explored in Chapter 6. Surveys 

have shown that good water quality, healthy biological function, and the aesthetic appearance of 

receiving waters are valued by communities in residential neighbourhoods (PWC, 2004). 

Conventional approaches to urbanisation are becoming understood by councils to be destructive to 

aquatic ecosystems, tipping them beyond their carrying capacity. The land-based causes of the 

decline in receiving water quality are becoming apparent. It often takes an extreme situation for this 

realisation to occur, such as a threat to a marine reserve (Long Bay) or to a previously clean and 

weed-free recreational lake (Taupo) or a desire to restore a degraded waterway (Upper Tamaki 

Estuary downstream of Flat Bush). These situations provide powerful incentives for a changed 

approach to urban design and management as demonstrated in Chapter 6.  
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CHAPTER 4 
 

DEFINITION AND HIERARCHY OF PRINCIPLES AND METHODS FOR 

LIUDD 
 

4.1 Introduction 
 
In Chapter 2 paradigms of holism and ecocentrism were discussed as highly relevant to this thesis. 

Changes in urban design and management that give priority to optimising natural processes, result 

from changes in the perceptions of professionals and residents. Within this chapter holistic and 

ecocentric approaches are used to establish the inclusions and emphasis of LIUDD. The tasks 

undertaken in this chapter recognise and deal with complexity (discussed formally in Chapter 2.4), 

and incorporate Māori concepts related to holism.  

One method of enhancing urban sustainability is to ensure that local plans and practices that guide 

development are underpinned by an appropriate set of sustainable design principles (van Roon and 

Dixon, 2006). Within this chapter a hierarchy of LIUDD Principles are developed as a foundation 

for policy development in statutory and non-statutory plans and guidelines.  

In 2003, when LCR and its collaborators including the University of Auckland, obtained funding 

from the NZFRST to make LIUDD mainstream practice, the definition of LIUDD was still 

developing. LIUDD was in a formative stage beginning its evolution beyond Low Impact Design 

(LID), an alternative stormwater management approach. Every set of practices that has a label 

requires clear definition including acknowledgement of inclusions and exclusions. Low Impact 

Urban Design and Development (LIUDD) is no exception. 

The multiple tasks of this chapter are therefore to: 

1) Create a definition of LIUDD: what it is and what it is not; 

2) Ensure that ICM is the framework within which LIUDD is developed;  

3) Define principles and sub-principles of LIUDD; 

4) Give examples of implementation actions for each principle thereby identifying good 

LIUDD practice; 

5) Show the relationship between the principles and implementation actions; 

6) Code principles and implementation actions, thereby enabling a stakeholder to create a 

checklist of implementation achievements using these codes. Stakeholders will be able to 

assess the degree to which their planning documents, policies, guidelines, codes of 

practice, and actual practices incorporate LIUDD.  
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The results from these tasks are reported mainly in Table 4.2. The text in Section 4.4 elaborates on 

Table 4.2, which is the primary tool for defining LIUDD and for checking the degree of LIUDD 

uptake. Later in Chapter 5, the author demonstrates the use of a range of case studies to assess 

LIUDD uptake or compliance. 

 
4.2 The evolution and definition of LIUDD  
 
LIUDD is a term unique to New Zealand. Contributing philosophies, principles and practices are 

common to many countries and cluster in various combinations under diverse labels. The LIUDD 

approach uses ecological carrying capacity in a natural cyclical context as a starting point. As 

explained in Section 1.4 LIUDD evolved from its origins in Low Impact Development ((LID), 

Shaver, 2000)) an alternative approach to stormwater management in North America. LID has much 

in common with Water Sensitive Urban Design (WSUD, Lloyd et al., 2001) in Australia. LID 

utilises natural drainage features in the landscape rather than piped systems for stormwater 

management and incorporates natural design features into erosion and sediment control during 

urban development (Shaver, 2000). WSUD, in addition, strongly emphasises ‘integrated three 

waters management’ to achieve reductions in water demand and sewage effluent discharges.  

 In New Zealand (Eason et al., 2009; van Roon, 2005) these concepts and practices have been 

evolving since the late 1990s, and are reaching beyond alternative stormwater management to an 

integrated urban design and development process, which deliberately embraces LID as well as other 

elements. LIUDD aims to avoid, at no additional cost, a wide range of adverse effects of a 

physiochemical, biodiversity, social, economic and amenity nature, resulting from conventional 

urban development, and to protect aquatic and terrestrial ecological integrity while allowing 

urbanisation at all densities. LIUDD focuses primarily on integrated land and water use design on 

neighbourhood-to-catchment scales. It may also incorporate water recycling facilitated by the 

efficient interfacing of urban water supply, wastewater treatment and stormwater drainage systems 

as in the Aurora Estate in Melbourne, Australia (Lim, 2002) and in Leipzig, Germany (Hahn, 2004). 

This combination of practices is currently enabling the design and construction of examples of 

LIUDD best practice. 

 
4.3 Learning from elsewhere 
 
An important consideration in developing a set of principles is to look at what lessons can be 

gleaned from overseas experience. Never the less, the LIUDD approach has been developed in New 

Zealand and does not appear to have an exact parallel overseas. As such, lessons from selected 

locations overseas (Table 4.1) relate to only fragments of the holistic approach described in Table 
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4.2. Aspects (with underlying causal factors) which fit the low impact approach appropriate to New 

Zealand conditions have been adopted.  

Some Lessons Learned Selected geographical locations that 

collectively demonstrate each lesson. 

1. LIUDD cannot be achieved without integration of the urban water 

cycle into the urban design process (van Roon and Knight, 2004). 

The range of professional disciplines contributing to design should 

reflect this. 

Canada, USA, New Zealand, Australia, 

Netherlands 

2. Countries with high-density populations, or with acute and 

chronic groundwater and drainage challenges will provide water 

cycle management lessons for spacious New Zealand, Australia, 

Canada and the USA as population pressure and city intensification 

occurs. 

Netherlands 

3. The most effective spatial unit for low impact design is the 

catchment. Design and development at smaller scales should 

consider the catchment context (MCC, 2002a; NSCC, 2002a). 

Taupo, Long Bay–North Shore City, Flat Bush–

Manukau City in New Zealand; Olympia -USA 

4. Community initiated catchment management processes are a 

sound foundation for stakeholder involvement in LIUDD (ACAP, 

1998; Whangamata Community, 2001). Council initiated catchment 

management with strong community participation is the next best 

alternative. 

ACAP project, Nova Scotia; ICM projects 

Australia and New Zealand e.g. Whangamata 

Community Plan process;; Long Bay Structure 

Plan; Taupo West  (not initially catchment 

based)  

5. LIUDD practices can be adapted to improve sustainability within 

residential developments at all population densities, topographies 

and spatial scales (City of Hannover, 2002; Liptan and Murase, 

2002; Seattle City, 2005; Tauw, 2002; TDC, 2004).  

Taupo West, New Zealand; Sea Street Project, 

Seattle, USA; Westminster Woods, Guelph, 

Ontario; Chilliwack and Simon Fraser in 

Vancouver; Buckman Heights, Portland, USA; 

Kronsberg, Germany; Enschede, Stad van de 

Zon, and Nijmegen, Netherlands 

6. Alternative development forms such as clustering retain or create 

spacious natural habitat and increase infrastructural efficiency.  

Tapiola, Helsinki, Finland; The Island Co-

housing project, Martha’s Vineyard, 

Massachusetts, USA; Village Homes, Davis, 

California, USA; Long Bay, North Shore City, 

New Zealand; Taupo West, New Zealand;   

7. Integrated ‘three waters management’ is an essential part of 

LIUDD. This includes recycling of wastewater and stormwater for 

dual non-potable water supply. This reduces water withdrawals from 

waterways, water treatment costs, chlorine use and effluent 

discharges (Lim, 2002; Mudd et al., 2004; Sydney Water, 2005). 

Countries with arid conditions lead by example: 

Australia including Rouse Hill in Sydney, 

Mawson Lakes in Adelaide, Aurora in 

Melbourne; Oman; California; Israel; South 

Africa. 

8. The integration of ‘three waters management’ and water recycling 

will be associated with changing costs and the redistribution of those 

costs among different stakeholders. 

Australia: Aurora in Melbourne; Mawson Lakes 

in Adelaide. 

9. Financial and health risk assessment and reduction are paramount 

for councils and water service industries contemplating the uptake of 

Yarra Valley Water and plumbing industry in 

Melbourne; Lynbrook Estate in Melbourne; Flat 



 96 

LIUDD technologies and practices. If risks cannot be quantified and 

lowered or underwritten, uptake will be impeded ( McBride, 2003). 

Bush, Manukau City, New Zealand; Auckland 

chose Waikato River for additional water supply 

instead of dual supply options e.g. rain water 

tanks. 

10. The landscaping, re-vegetation and street narrowing (resulting in 

traffic calming) associated with at-source stormwater management 

increases amenity and neighbourhood real estate values (Seattle Post 

Intelligencer, 2002).  

‘Sea Streets’ project, Seattle, USA; Westminster 

Woods, Guelph, Canada; Taupo East Riparian 

corridors, New Zealand; Lynbrook Estate parks 

and streetscapes, Melbourne. 

11. On-site greywater and stormwater recycling sustainably 

enhances landscaping in arid regions (Coulhurst et al., 2003; 2004; 

Tan, pers.comm., 2005).  

Inkermann Oasis, Melbourne; Docklands, 

Melbourne; Israel; periphery of Cape Town, 

South Africa; Muscat, Oman. 

12. Urban ground water recharge using LIUDD techniques for 

contaminant removal has been successfully demonstrated (Mudd et 

al., 2004; Tauw, 2002). 

Randstad conurbation, Netherlands; Westminster 

Woods, Guelph, Ontario, Canada; Parafields, 

Adelaide, Australia. 

13. Existing narrow streets carrying high traffic flows can practically 

be retrofitted with LID stormwater technologies (Islam, 2003).  

Cremorne Street, Melbourne, Australia. 

14. The most effective means of achieving hydrological neutrality (a 

primary objective of LIUDD) is via attention to urban layout and the 

proportion of structures and vegetation contributing to site coverage 

(van Roon, 2005). 

Long Bay N.Z., (Ch.6); Vancouver (Canada) and 

Seattle  (USA) sub-catchments of Puget Sound; 

Olympia, Washington, USA 

15. Diverse international statutory models exist for communal land 

ownership and management of residential village open space where 

at-source stormwater management and biodiversity enhancement is 

focussed (Dixon, van Roon, Dupuis, 2005; Dixon and van Roon, 

2006).  

It is expected that there will be transferable 

lessons from a comparison of models in Ontario, 

Canada and northern New Zealand (Dixon, van 

Roon and Dupuis, 2005). 

16. Cost effective, energy efficient examples of commercial, 

institutional and residential ‘green buildings’ that demonstrate 

reduced demand on centrally provided infrastructural services 

(Dunster, 2005; Institute of Asian Research, 2005; Jansen, 1994; 

LCR, 2005; TGBP, 2004).  

Choi Bldg, University British Columbia; 

Ecolonia, Alphen aan den Rijn, Netherlands; 

Bedzed, U.K.; 60L Building, Melbourne; 

Landcare Bldg, Tamaki, Auckland;Earthsong, 

Ranui, Waitakere; Waitakere Ecohouse, 

Waikumete, Waitakere, New Zealand. 

Table 4.1. Some lessons for LIUDD from both overseas and the New Zealand experience 

Countries like New Zealand, faced for the first time with water cycle disturbances from urban 

intensification on a significant scale, have much to learn from other nations like the Netherlands 

which has very high population density, compact cities, vulnerability to flooding and groundwater 

dependence for potable water supply (Lesson 2). For centuries the Netherlands, much of which is 

below sea level, has dealt with these issues. Global climate change provides an additional 

challenge.  The Netherlands demonstrates how stormwater infiltration devices can be artistically 

designed and retrofitted into very compact pedestrianised streetscapes many of which are in 

brownfield restoration areas. Similar lessons are demonstrated in Cremorne Street, Melbourne 
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(Lesson 13). Wherever stormwater is infiltrated for aquifer recharge (Lesson 12) ‘low impact’ 

stormwater technologies are employed to remove contaminants prior to infiltration.  

Higher density residential areas in other parts of Europe, such as Kronsberg, Germany, and also 

Portland, Oregon, United States of America and in the Simon Fraser University residential village in 

Vancouver, Canada have demonstrated the feasibility of incorporating many low impact stormwater 

and energy saving technologies in compact brownfield and greenfield situations the equivalent of 

which have not yet been constructed in New Zealand. 

By contrast of scale, the ‘Sea Streets’ project in Seattle, Washington, U.S.A. has demonstrated the 

successful brownfield low impact stormwater retrofitting of a low density residential neighbourhood 

not unlike that of New Zealand suburbia before 1980 (Lesson 5). In the process of addressing 

stormwater issues other improvements to liveability and sustainability have occurred, such as 

increased landscape appeal, a feeling of closure and ‘traffic calming’. This is appreciated by the 

residents and is reflected in higher property prices.  These ‘by products’ of the process may in fact 

be major factors in encouraging LIUDD uptake by the public.  

The catchment context for LIUDD (Lessons 3 and 4) has been discussed under ICM in Chapter 3 

and also in the Tools and Processes section below.  Many New Zealand lessons in ‘integrated three 

waters management’ come from arid countries or regions such as Oman, Israel, California, South 

Africa and, most conveniently, Australia (Lessons 7, 8 and 11). There is no doubt that water 

shortage has been a major stimulus to innovative research and technological developments in water 

recycling in these nations. Many of the lessons of Table 4.1 can and have been applied at a 

microscale in individual green buildings that minimise and recycle both water and energy, not just 

within the building but by also utilising the immediate landscaped grounds and building roofs to 

optimise natural cyclical processes (Lesson 16). 

The LIUDD approach is evolving rapidly, and as research results become available and the nature 

of interactive systems has been better understood, the emphases in the articulated principles and in 

the recommendations for implementation have been adjusted. LIUDD planning processes are seen 

as educational, to highlight the externalities which have tended to be ignored or under-rated in the 

process of design and development. With appropriate planning, funding and management, it is 

possible to have different patterns of development and intensities of development, whilst still 

meeting environmental standards and economic aspirations. In the past the concept of externalities 

has often been down played with the result that development has been subsidised by the 

environment to its detriment. 
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4.4 LIUDD Hierarchy of Principles and implementation methods 
 
4.4.1 Introduction to the Principles 

The principles, sub-principles and implementation tasks considered by the author to be central to 

LIUDD are summarised in Table 4.2 (Columns 1, 2 and 4 respectively). A detailed description of 

and rationale for each principle is presented in column 3 of the Table. The numerical codes, which 

follow implementation alternatives in the far-right column of Table 4.2 are provided to enable ease 

of reference to these tasks in future publications and checklists of LIUDD achievement. The inter-

relationship of principles and sub-principles is also demonstrated in Figure 4.1. In this figure, box 

outlines are differentiated to demonstrate the core focus of LIUDD, which is shown in bold text. 

Complementary tertiary principles and sub-principles, outside the LIUDD programme as funded by 

the NZFRST, are boxed-in by broken lines.  

Table 4.2 includes some principles, which for the sake of completeness have been included, even 

though their implementation was beyond the scope of the LIUDD research programme as funded. 

By including these extraneous sub-principles (XX) in the Table 4.2 the author wishes to emphasise 

the fact that their importance has not been overlooked for achieving objectives that arise from these 

principles. In order to achieve a reasonably compact table, only key references have been included. 

Māori values and practices have been incorporated throughout Table 4.2 as a first step in reframing 

development to create more sustainable forms of design from an indigenous New Zealand 

perspective. Many of the principles can be mutually reinforcing or overarching. Each can be 

extended in various ways and the implementation of one has spillover effects on the others. These 

spillover effects can be both positive and negative. There will be instances in implementation 

situations where trade offs will be required and where more weight will have to be given to one 

principle over another.  

4.4.2 Primary Principle 

The principles in the left column of Table 4.2 form a hierarchy of importance. The single primary 

principle seeks recognition that human activity should respect and operate within natural cycles 

(van Roon and Knight, 2004) in order to minimise negative effects and optimise catchment 

internalisation of materials, contaminants and energy. This principle is embedded in all other 

principles in Table 4.2. The ecological carrying capacity concept, as part of resilient natural cycles, 

is central to the LIUDD approach. 

4.4.3 Secondary Principles 

Principle 2.1, concerning site selection, emphasises the fact that the greatest achievements in 

LIUDD are derived from choosing the optimum location within a region for urban development 

(van Roon and Knight, 2004). Without this essential step, even if the tertiary principles have been 
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applied consistently, there are unlikely to be acceptable outcomes. All principles in Table 4.2 

provide useful guidance to this fundamental strategic planning approach. Sub-principle 2.1B 

articulates the ‘least-regrets’ approach as a component of site selection. The underlying philosophy 

of this sub-principle is to keep options open and avoid actions which pre-empt alternatives or which 

incur major costs.  

Sub-principles 2.1X to 2.1XXX are critical components of site selection for development and hence 

are included in the table for completeness even though they fell outside the scope of the LIUDD 

research programme. As landscape quality and natural character are strongly influenced by natural 

cycles sub-principle 2.1X falls naturally in the hierarchy beneath the primary principle.  

Principle 2.2 recognises past infrastructural investment and seeks to optimise return on this. It also 

addresses the services provided to society by healthy functional ecosystems and the desirability of 

ensuring their ongoing capacity.  The overarching secondary principle 2.3, concerning minimisation 

of imports and exports to a catchment, is generic to almost all tertiary principles.  

4.4.4 Tertiary Principles 

The justification for, and implementation of, tertiary principles in Table 4.2 were supported by an 

array of publications from the LIUDD research programme and from parallel or complementary 

programmes in LID (Shaver, 2000) and WSUD. The hierarchical links between secondary 

principles, tertiary principles and sub-principles is demonstrated by Figure 4.9. Although the 

increasing complexity of interactions with distance down the figure has been demonstrated, there 

are numerous horizontal interactions at the tertiary and sub-principle levels that are not readily 

illustrated.  

Principle 3.1 encourages alternative development forms so as to retain open space and enhance 

infrastructure efficiency. The term clustering, introduced in sub-principle 3.1A, is typically used to 

describe the grouping together of structures in specific locations on a common site. This works well 

in residential and rural-residential catchments. Clustering is not the only means of implementing 

Principle 3.1. For example, the concentration of titles (residential, commercial or industrial) within 

multi-level buildings instead of spread across a site can free-up open space between buildings that 

will then need to be protected from construction and re-vegetated to implement the principles in 

Table 4.2. Such a change in site layout has as one of its primary objectives support for natural 

processes and biodiversity. This contrasts with the usual objective of maximising human use and 

impervious surfaces on the site by covering it in buildings and car-parks. This approach has major 

implications for the implementation of LIUDD principles on all greenfield and redevelopment sites. 

Understanding and implementation of Principle 3.1 may be aided by similar approaches termed 
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“conservation subdivision” implemented by Arendt (2004) in, at that time, 23 states of the United 

States of America.  

The stormwater sub-principles 3.2A to 3.2D inclusive and their implementation are the traditional 

focus of low impact approaches. Conviction of the desirability of (van Roon et al., 2004), and 

methods (NSCC, 2002a) to achieve less than 15% ‘effective’ imperviousness, to ensure 

hydrological neutrality within a catchment, is a major challenge for all stakeholders but particularly 

those involved in redevelopment. Re-vegetation of riparian corridors is becoming mainstream 

practice but there is less awareness of the particular need to protect complementary terrestrial and 

stream ecosystems in catchment headwaters so that these can function as a reservoir of stream biota 

for re-colonisation of streams that become inadvertently degraded downstream (van Roon and 

Moore, 2004).  

With regard to Principle 3.2 the importance of ‘integrated three (or four) waters management’ is 

emphasised. Linear once-through systems are minimised when water supply, wastewater and 

stormwater systems are designed and costed simultaneously to maximise opportunities for water 

recycling and the minimisation of natural water takings and effluent discharges. Such integration is 

similar to the principles of ‘industrial ecology’ whereby complementary industries co-locate so that 

the waste outputs of one industry become the raw material inputs of the next.  

A caution here is that the main centre of toxin accumulation that currently occurs in the aquatic 

receiving environment may move to the terrestrial environment. LIUDD to date has been limited in 

its influence upon contaminant generation. It is foreseeable that processes to eliminate the 

generation of certain substances will become mandatory in future to avoid contamination issues. 

Through naturalisation of the water cycle and support for green construction, LIUDD aims to 

contribute to the reduced use, mobility and ecosystem availability of contaminants.  

LIUDD  (Principle 3.4) contributes to fulfillment of the objectives of New Zealand’s Biodiversity 

Strategy (DoC and MfE, 2000) by encouraging optimum protection and re-vegetation of both urban 

and rural-residential areas (TDC, 2004) and by reducing hydrological and aquatic biological 

changes (van Roon and Moore, 2004) brought about by urbanisation.  Direct habitat management 

that is embodied in tertiary principle 3.4 is just a minor component of the all-encompassing 

ecological objective encapsulated in LIUDD. The programme as a whole addresses the optimum 

functioning of ecosystem processes and cycles upon which all life depends.  

Transport management at the regional scale (Principle 3.5X) and waste minimisation were beyond 

the scope of LIUDD as it was funded by FRST, but transport management is acknowledged as a 

primary driver for site selection for urban use (Principle 2). Transport planning and management at 

the neighbourhood or catchment scale can comfortably be aligned with achievement of stormwater, 



 101 

biodiversity and neighbourhood containment objectives. Also aligned with these are energy 

conservation actions (Principle 3.6) implemented at neighbourhood and individual site scales.  

In developing Table 4.2 the author has been mindful of the desirability of providing balance in the 

provision of principles and methods relevant to brownfield as well as greenfield developments. 

Adoption of these methods for greenfield sites is relatively easier and faster than for brownfields. 

The retrofitting of existing New Zealand urban areas has typically only been achieved on a 

piecemeal basis over many decades as individual sites have been redeveloped and infrastructure has 

required replacement.  

In Section 4.5 some relevant planning tools and processes that can be used by councils to implement 

LIUDD are identified.  

 
4.5 Planning tools and processes to promote LIUDD 
 
The uptake of LIUDD depends upon local government processes that encourage innovation. A 

hierarchical list of the most significant planning, process and implementation documents through 

which LIUDD can be implemented is presented in Table 4.3 (van Roon et al., 2005). The absence 

of national policy (e.g. National Policy Statements) has been and continues to be a major gap in 

implementing LIUDD principles. An amendment to the RMA in 2004 requiring councils to 

consider the efficiency of the end use of energy, effects of climate change, and the benefits to be 

derived from the use and development of renewable energy is a step forward in this regard. The 

concept of dual water supplies may require revision of current policies and practices in the public 

health sector. In some cases national strategies provide policy guidance, as is the case with the 

Biodiversity Strategy (DoC and MfE, 2000), which promotes the scale of protection and restoration 

of ecosystems promoted as part of LIUDD. There are instruments under other statutes which could 

also be considered in terms of LIUDD relevance, such as building codes and regulations prepared 

under the Building Act 2004, environmental health requirements and voluntary codes of practice 

prepared by sector.  

Strategic plans and structure plans are worthy of further discussion. These are generally developed 

outside statutory processes but are extremely useful for directing the form of future growth. 

Christchurch City Council took a strategic approach in the development of the South West Area 

Plan (CCC, 2003) for a land area of 8,400 hectares (van Roon et al., 2005) where the City plans to 

accommodate expansion of its fast growing population. A rethink of stormwater management issues  



Figure 4.1: Hierarchy of Principles of LIUDD.  Principles in bold are the dominant focus of this LIUDD, FRST funded, programme. Principles in 
dashed boxes are complementary, but outside this programme. Figure 4.1 is a partial representation of Table 4.2  
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Secondary 
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Summarised 
sub-principle 
 concepts 

 Work with nature’s cycles on a 
catchment basis to maintain the 
integrity & mauri of ecosystems 

Effect/impact 
minimisation 
through site 
selection 

Efficient use of 
ecosystem 
services & 
infrastructure 

Maximise 
localization of 
resource use & 
waste 
minimisation 

Infrastructural 
capacity; making best 
use of existing 
infrastructure 
 

Limit ecosystem 
utilization to 
carrying capacity 
of ecosystem     

Minimisation 
of energy 
demands 

Maximise local 
employment & service 
provision 

Reduction & 
containment of 
contaminants 

Restore, enhance, 
protect indigenous 
terrestrial  
& aquatic 
biodiversity 

 Prevent 
escape of 
contaminants 
to ecosystems 
 

Encourage alternative 
development forms that 
retain or create natural 
space & increase 
infrastructure efficiency 
 

Localisation & 
naturalisation of 
water, soil & nutrient 
cycles; 3-waters 
management 
 

Minimise energy 
use, optimise 
renewable energy 
sources, recycle 
construction 
materials, reduce 
transport fuels 
 

Maintain natural 
hydrological regime 
of waterway 
catchment for 
aquatic ecosystem 
protection & reduced 
demand for drainage 
infrastructure. 

Water, sewage & 
stormwater- 
contain, recycle, 
interface the 3;  
earthworks 
minimisation 

Maximize 
use of local 
goods & 
sustainable 
transport 
options 

Reduce need 
for mobility 
of goods & 
people 

Waste 
minimization, 
reduce, reuse, 
recycle goods 
& materials 

Cluster; favour 
vertical over 
horizontal form;  

Protect/restore  
sensitive areas, 

riparian &, 
catchment 

headwaters, 
indigenous 

habitats 
 

Protect landscape quality, 
natural character, cultural 
sites, agricultural soils 
 

Reduce 
generation of 
contaminants 
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Principles  Sub-principles Detailed Description and Rationale Examples of Implementation Alternatives (assigned method code) 
Primary principle 
1 Work with nature’s 
cycles on a catchment 
basis to maintain the 
integrity and mauri of 
ecosystems and 
minimise ecological 
footprints. 

Cycles and catchments 
1A Support cyclical 
ecological processes. 
1B Use catchment context 
as design and management 
framework. 
1C Recognise and provide 
for the long-term nature of 
natural cycles. 

Use integrated knowledge systems including scientific 
and maatauranga Māori as bases to manage cyclical 
processes that determine distribution and influence of 
water, soil, plant nutrients, contaminants, organisms and 
energy. Human and cultural wellbeing are a significant 
by-product of the above being done effectively. 
Functionality of cyclical processes is essential for 
internalisation of effects and reduction of resource 
demand, that together make urban or rural-residential 
developments ‘low impact’. Design within catchment 
context provides opportunities to support natural cycles 
(van Roon and Knight, 2004).  

Use guidelines, district plan provisions, covenants, and the promotion of 
collaborative projects between, e.g. local government, community groups, 
tangata whenua, and private agencies that support natural ecosystem 
function, and promote effective management.  
Encourage recycling of water, wastes, materials and energy through co-
location of complementary activities (1.1), innovative infrastructure (1.2) 
and technologies (1.3) preventing discharges to ecologically sensitive 
environments.   
Use a catchment context for design and management (1.4). 
 

Secondary principle  
2.1: Effect/impact 
minimisation through 
site selection.  
 

 Spatial/Strategic 
Planning Approaches 
2.1A Site selection used to 
avoid /minimise negative 
impacts thereby removing 
need for mitigation. 
2.1B Adopt ‘least regrets’ 
strategy to minimise risk. 

Select areas for development and screen out inappropriate 
areas with avoidance of sensitive areas to minimise 
ecological, cultural and economic costs, as this is more 
effective then remedial work. The ‘least regrets’ approach 
provides a basis for remedial action, as a type of 
insurance policy, in case there are unforeseen 
consequences resulting from development. 
 

Prior to development or re-development identify and delineate areas that 
are ecologically sensitive (2.1.1) and define limitations or constraints at a 
regional scale (2.1.2). Develop criteria for assessment and basis for 
decision-making in selection of development areas and convert to Regional 
Plan provisions (2.1.3) or District Strategic Plan provisions (2.1.4). 
  Ensure the protection of culturally significant or culturally sensitive 
landscapes or sites for appropriate forms of design and development, where 
these values converge with or enhance natural processes or cycles (2.1.5). 

 2.1X Protect sites of 
cultural significance. 
2.1XX Protect landscape 
quality and natural 
character. 
 

These are essential components of appropriate site 
selection for development. 

Whilst an integral part of wise site selection these were not elements of the 
LIUDD FRST-funded programme. They may, however, benefit indirectly 
from the application of Principle 2.1 and other LIUDD principles. They are 
in fact key elements to achieving successful outcomes of the overall 
LIUDD process. Therefore, encourage appropriate forms of development 
and design in culturally and visually significant areas. 

Secondary principle 
2.2 Efficient use of 
ecosystem services and 
infrastructure 
 

Efficiency 
2.2A Maintain ecosystems 
in optimum condition to 
ensure ongoing capacity to 
support human needs. 
2.2B Maximise use of 
existing infrastructure. 

Degraded ecosystems lack the resilience and capacity to 
process wastes, accommodate resource extraction or 
otherwise cope with human use. The use of existing 
infrastructure is maximised so as to make best possible 
use of prior capital investment.  

Develop and use economic instruments which price ecosystem services 
fairly and on an ongoing basis, taking account of all externalities including 
life cycle pricing (2.2.1). Provide comparative costing of ecosystem 
services versus conventional infrastructure, to achieve the same outcomes 
(2.2.2). Use this approach as a basis for the design and construction of 
alternative infrastructure (2.2.3).  

Table 4.2: LIUDD principles for assessment of planning, policy and development outcomes 
Sub-principles denoted by X or XX, rather than A - K, were not the focus of the LIUDD research programme. By including these extraneous sub-principles in the table the author wishes to 
convey the fact that their importance in achieving objectives that arise from these principles has not been overlooked. 
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Principles Sub-principles Detailed description and rationale Examples of Implementation Alternatives 
Secondary principle 
2.3 Maximise 
localisation of resource 
use and waste 
minimisation. 

Localisation 
2.3A Maximise containment 
of local water and 
contaminant cycles 
 

Minimises impact on areas adjacent to catchment, reduces 
ecological footprint. Minimises downstream effects such as 
bioaccumulation in receiving waters. 
  

Maximise use of local water (see below). Minimise contaminant 
export from catchment (2.3.1). 

 2.3X Reduce, reuse, recycle 
goods and materials locally. 
2.3XX Maximise 
opportunities for local 
employment and service 
provision 

Minimises impact on areas adjacent to catchment, reduces 
ecological footprint and energy consumption. 
Local energy capture and use is desirable from, for example, solar, 
wind and wave sources. 

These were not part of the LIUDD research programme brief and 
therefore implementation alternatives were not explored. 

Tertiary (30) principle  
3.1: Encourage 
alternative development 
forms that retain, 
restore or create natural 
space and increase 
infrastructure efficiency  

Plan in catchment context 
3.1A Cluster activities whilst 
absolutely and permanently 
prohibiting intensification or 
structures on “balance” land. 
3.1 B Retrofit brownfield 
developments to encourage 
vertical over horizontal form 
and naturalise the resultant 
open space. 
 

Concentration of compatible activities through clustering or vertical 
intensification can reduce capital costs, lowers ongoing 
maintenance and operating costs, whilst allowing for increased 
densities overall. It also facilitates the maintenance or restoration of 
natural hydrological regimes thereby protecting the integrity of 
aquatic ecosystems and reducing the demand for drainage 
construction and upgrading. Creation or retention of open space 
caters for amenity and recreational needs, human wellbeing needs, 
food production areas, catchment runoff protection and provides 
opportunities to protect and maintain culturally significant sites 
(e.g.,wahi tapu, mahinga kai, habitat of flora and fauna taonga). 

Prior to development or re-development identify and delineate local 
areas that are ecologically significant (3.1.1) thereby defining 
limitations or constraints within the catchment (3.1.2). Similarly 
identify appropriate prime development locations (3.1.3) including 
areas with spare infrastructure capacity (3.1.4).  Develop criteria for 
assessment and basis for decision-making in selection of 
development areas (3.1.5) and convert to District Plan provisions 
(3.1.6) and covenanting (3.1.7) or other protective methods. 
 
 

 3.1X Restore or enhance 
landscape quality and natural 
character. 
 

As LIUDD principles are founded on working within nature’s 
processes, improved landscape quality and natural character are 
certain byproducts of LIUDD approaches. 

3.1X was not part of the LIUDD programme in its own right but its 
protection and enhancement are an integral byproduct of LIUDD 
approaches. In effect adequate provision for protection of landscape 
values will facilitate the effectiveness of LIUDD.  

 3.1XX Encourage appropriate 
forms of development and 
design in culturally significant 
areas where cultural values 
converge with natural cycles 

For example, convergence of LIUDD principles with Māori values 
and concepts leads to a convergence of LIUDD structure plans and 
preferred development styles of urban Māori and tangata whenua 
groups. Culturally appropriate forms of LIUDD ‘style’ should be 
encouraged and followed in culturally sensitive areas (e.g. pa, 
marae, papa kainga, mahinga kai, and ngahere). 

3.1XX was only indirectly aligned with the LIUDD research 
programme but the inseparability of ecological and Māori cultural 
objectives means that in most such developments LIUDD principles 
will largely be adhered to.  
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Principles  Sub-principles Detailed description and Rationale Examples of Implementation Alternatives 
30 principle 
 
3.2: 
Localisation 
and 
naturalisation 
of water, soil 
and nutrient 
cycles.  
Optimise 
recycling, 
minimise 
external 
demand and 
discharges.  
Optimise 
‘integrated 
three (or four) 
waters 
management’ 
within local 
catchment.   

 Stormwater  
3.2A Minimise generation of 
stormwater, localise at source. 
3.2B Reduce ‘effective’ 
impervious surface area to less 
than 15% of catchment. 
3.2C Maintain/ re-create 
catchment flow characteristics 
as if under previous “natural 
vegetation” (hydrological 
neutrality). 
3.2D Utilise stormwater 
wherever possible as a 
secondary water supply 
3.2E Maximise groundwater 
recharge with stormwater 
following contaminant removal. 
 

 
To identify what constitutes healthy waters based on 
scientific and cultural values. To ensure the natural 
functioning of healthy receiving waters, maintain the 
hydrological regime and water quality, minimise effects on 
the mauri, and avoid nutrient enrichment and contamination 
of kaimoana areas. 
Avoid capital costs and maintenance of reticulated systems. 
Minimise downstream surge and scour effects as well as trap 
contaminants and nutrients. 
Aim at zero discharge from properties. 
No development on upper and riparian catchment areas so as 
to ensure maintenance of the environment and water quality. 
 Minimisation of runoff from catchment headwaters.  Upper 
catchments act as reservoir for species to allow ongoing re-
colonisations of habitat affected by development. 
Supported by sub-principles 3.2F to 3.2K 
 

Use “ natural processes” streams and wetlands as infrastructure (3.2.1). 
Avoid curb and channel storm water reticulation systems (3.2.2) and 
provide pipes only for overflows, not for base flow (3.2.3). Protection 
(3.2.4) and re-vegetation (3.2.5) of the riparian corridors. Identification, 
protection or re-creation of indigenous habitats, including wetlands, forests, 
springs, and streams - both perennial and ephemeral (3.2.6). Identification, 
protection, rehabilitation, re-creation, and maintenance of culturally 
significant natural areas e.g. mahinga kai, kaimoana, taonga (3.2.7). 
Provide financial, rating or other incentives to encourage developers and 
land owners to retain or create these natural features (3.2.8). Re-vegetate 
upper catchments (3.2.8) and all erosion prone areas (3.2.10). Encourage 
high biomass vegetation systems to trap rain and species with high evapo–
transpiration capability (3.2.11). Adopt narrow roads (3.2.12), swales 
(3.2.13), rain gardens (3.2.14), biofiltration (3.2.15), porous paving 
(3.2.16), onsite detention tanks (3.2.17), ecoroofs (3.2.18). Provide for 
ongoing maintenance of stormwater control devices (3.2.19). Camber all 
impervious surfaces, including roads, to direct run-off to above devices or 
to natural vegetation areas on pervious soils (3.2.20). Use organic soils and 
compost to optimise function of raingardens (3.2.21). Protect and enable 
overland flow paths (3.2.22) and flood plains (3.2.23).   

  Wastewater 
3.2F Minimise volume and 
recycle for dual water supply 
3.2G Nutrient strip sewage 
3.2H Encourage adoption of dry 
waste systems and reduced use 
of water-born systems. 

Provide reticulated waste water systems 
or advanced treatment package plants. 
Adapt for improved environmental and cultural simultaneous 
outcomes, including waste-water management sensitive to the 
values of Māori groups such as tangata whenua and urban 
Māori and by avoiding gradual cumulative unwanted effects 
of nutrient and contaminant buildup in waterways and soils, 
degradation of aquatic ecosystems, and loss of mauri. 

Use of modern systems of Clivus multrum (3.2.24), compost toilets with 
flush pan (3.2.25), wetland treatment systems (3.2.26) as well as large-scale 
sewage treatment plants with effluent recycling to land (3.2.27) or to dual 
water supply (3.2.28). Consider reticulated grey water systems (3.2.29) in 
lieu of full sewage reticulation.  

  Water supply 
3.2I Minimise potable water 
usage and demand, reduce 
extraction from natural 
waterways. 
3.2J Harvest or recycle water 

Reduce overall water use and utilise rainwater and recycled 
water for appropriate purposes as part of an overall approach. 
This provides the potential for savings in both treatment costs 
and in reducing the exposure of the human population and 
receiving water ecosystems to treatment chemicals.  

Dual Water supply (3.2.30), use of water tanks (3.2.31) and water efficient 
appliances (3.2.32). Low-flow tap fittings (3.2.33), recycle grey water for 
toilet and outside use 3.2.34). Gardens designed to favour indigenous 
vegetation adapted to local climate conditions (3.2.35). Provide systems 
which treat/sterilise rainwater for hot water use (3.2.36). Use of tailored 
plumbing systems to prevent cross-connection of potable and non-potable 
systems (3.2.37).  
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Principles Sub-principles Detailed description and rationale Examples of Implementation Alternatives 
 Urban earthworks 

management 
3.2K Minimum site 
disturbance. 
 

Respect the intactness of whenua (land). Avoid 
detrimental earthworks or management practices related 
to development, which have a significant impact on soil 
structure and the functioning of adjacent receiving waters 
and ecosystems. Minimum site disturbance; sediment 
containment - building sites. 
Minimise site works to reduce development costs and 
compaction problems. Carrying out subdivision and 
building site earthworks simultaneously is more 
economic, reduces compliance costs and facilitates 
monitoring and remedial work if needed. 

Restrict earthworks on slopes identified in planning documents as 
unsuitable for development (3.2.38), and on significant ecological areas 
(3.2.39).  
 
Use techniques such as clustering to concentrate buildings on suitable soil 
types and slopes leaving areas naturally unsuitable for construction in a 
vegetated and undisturbed condition (3.2.40).  
 
Implementation of Principle 3.1 is supportive of these actions.  

30 principle 
3.3:  
Reduction and 
containment of 
contaminants 

3.3X Minimise generation of 
transport and industrial 
contaminants. 

 This would require changes in: transport modes and 
fuels: industrial processes, sustainable business, industrial 
ecology. This is the most effective means of reducing air, 
soil and stormwater contamination. Subprinciples 3.5X 
and 3.5A are supportive. 

This was not part of LIUDD research programme brief and therefore 
implementation methods are not summarised. 
 

 3.3XX Prevent /minimise 
escape of contaminants via 
atmosphere. 

This is the most effective means of reducing air, soil and 
stormwater contamination. 

Not part of LIUDD research programme brief. 
This is implemented under the requirements and provisions of the Resource 
Management Act, 1991. 

 3.3A Prevent escape of 
contaminants via water cycle. 

Damage to ecosystems and human health reduced by 
containment. 

Strip contaminants from stormwater before discharge to natural waterways 
(3.3.1). 

 3.3B Reduce contaminant-
loaded materials used in 
construction industry. 

Damage to human health and ecosystems reduced by 
lower exposure to toxins in buildings/construction waste 

Encourage the construction of ‘green buildings’ (3.3.2) 
Comply with requirements of the Building Act, 2004 (3.3.3.), building 
code (3.3.4) and council development construction guidelines (3.3.5). 

30 principle 
 
3.4: Restore, 
enhance, and protect 
indigenous, terrestrial 
and aquatic 
biodiversity. 

3.4A Protect existing, restore 
or recreate indigenous 
habitats. No net loss of 
habitat. 
3.4B Protect and/or re-
vegetate environmentally 
sensitive areas within 
catchment i.e. riparian 
corridors, steep slopes, 
ridgelines. 

This supports the objectives of the New Zealand 
Biodiversity Strategy: promote natural ecosystem 
functioning within development catchments (e.g. by 
maintaining and enhancing water and soil cycles), 
maintain and enhance indigenous flora, fauna and 
habitats, recognise Māori aspirations to protect, 
rehabilitate and enhance indigenous ecosystems, reduce 
development pressures on indigenous biota.  

Favour indigenous re-vegetation of stormwater management corridors with 
locally appropriate stock (3.4.1). 
Priority use of indigenous species when planting rain gardens, biofiltration 
systems and trees in swales (3.4.2).  
Provide incentives for indigenous vegetation planting (3.4.3) and retention 
on private lots (3.4.4). Maintain instream values to protect aquatic 
ecosystems from damage by structures (3.4.5) e.g. dams and culverts  
Promote biodiversity protection and restoration by iwi and hapu within Iwi 
Management Plans (3.4.6) and with support from Nga Whenua Rahui 
(3.4.7).  
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Principles Sub-principles Detailed description and rationale Examples of Implementation Alternatives 
 3.4C Maintain or restore the 

natural hydrological regime of 
the waterway catchment for 
aquatic ecosystem protection. 

Volumes and periodicity of discharges from catchments 
are determinants of habitat conditions in receiving water 
ecosystems including rivers, wetlands, lakes and 
estuaries. 
Changes to hydrological regime are determinants of 
major changes in aquatic ecosystem composition and 
function.  

Retain (3.4.8), restore (3.4.9) or recreate (3.4.10) natural balance of 
vegetation cover, especially proportion of catchment in forest. 
Limit (greenfield, 3.4.11) or revert to (brownfield, 3.4.12) ‘effective’ 
impervious surface areas to less than 15 percent of catchment. 
Achieved also through implementation of principle 3.2A – E. 

 3.4D Protect or restore 
appropriate riparian 
vegetation. Protect reservoir 
of species in catchment 
headwaters for stream 
recolonisation.  

Riparian vegetation filters contaminants, provides shade 
for temperature control, bank-side habitat and carbon 
supply. Headwaters terrestrial and stream habitats 
required for different life cycle stages.  

Use covenants (3.4.13) or district plan provisions (3.4.14) to protect 
riparian strips. Use covenants (3.4.15) or district plan provisions (3.4.16) to 
protect headwater terrestrial-aquatic habitat combination. 

30 principle 
 
3.5: Reduce need for 
mobility of goods and 
people. 

 3.5X. Maximise proximity of 
residential and employment 
bases. Optimise regional 
transport flows and public 
transport. 

Security, cost and availability of transport fuels are 
questionable. In addition to costs there is concern about 
air pollution and run-off quality. Favour rail and water-
borne transport over road transport on environmental and 
economic efficiency grounds – low import of 
hydrocarbons to catchment.  

Not part of LIUDD research programme brief and therefore no 
implementation methods have been identified. 
 

 

 3.5XX Maximise local 
availability and use of: goods, 
services and neighbourhood 
sustainable transport options.  

The sourcing of construction materials and food locally, 
reduces transport demand for goods and people. Compost 
generated locally could be input to raingardens for 
stormwater treatment (see 3.2.14). Riparian corridors 
protected or restored under sub-principle 3.4B provide 
space for cycling and walking paths. Note that 
implementation of these measures would achieve sub-
principle 3.5 whilst supporting achievement of sub-
principle 3.2B. 

Not part of LIUDD research programme brief 
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Principles Sub-principles Detailed description and rationale Examples of Implementation Alternatives 
30 principle 
 
3.6: Minimisation of 
energy demands 
 
 
 

3.6A Minimise Energy use 
 

Improve building design for solar heat capture, insulation 
and use of passive solar energy and wind. 
Reduce imbedded energy in materials. 
 

Double glazing (3.6.1) and high level insulation  (3.6.2) for new and 
existing structures. Thermal mass/ materials in buildings for heat storage 
(3.6.3). House design to use (3.6.4) or avoid (3.6.5) solar input. Skylights 
(3.6.6) with or without link to fibre optics (3.6.7) for light transfer to other 
parts of building.  
Protect sunlight sight lines (3.6.8) for solar hot water, solar voltaics and 
passive solar heating.  
 

 3.6X Optimise renewable 
energy sources 
3.6XX Reduce use of 
transport fuels 
3.6XXX Recycle construction 
materials 

Reduces running costs to end user of energy. Reduces 
need to generate electricity and environmental impact 
thereof as well as transmission issues. Reduces travel 
costs. The sub-principles could be met by providing a 
residential access layout that minimises the need for car 
travel and encourages non-mechanised transport options 
such as walking and cycling. This necessitates the 
creation of compact and functional urban areas with good 
public transport. Other provisions might include outside 
laundry drying areas, wind power generation as a 
permitted use, firewood tree cropping as an integral part 
of design/layout, and local recycling depots/collection 
and composting areas as part of reducing energy-mobility 
requirements. 

Not part of LIUDD research programme brief 
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Tool or 

process 

Description and legal standing Role with respect to implementation of LIUDD principles and 

sub-principles 

National 

Policy 

Statement 

(NPS) 

Top of the Resource Management Act 

(RMA, 1991) hierarchy of plans. Other 

RMA plans are required not to be 

inconsistent with NPS/s, 

Key opportunity to influence LIUDD implementation nationwide. 

One or several NPSs could be used. The National Coastal Policy 

Statement is the only NPS to date.   

National 

Environmental 

Standards 

An instrument provided for in the Act 

but not developed until more recently.  

Key opportunity to influence LIUDD implementation nationwide.  

National 

Strategies 

Strategies are developed to deal 

systematically, on a long-term basis, 

with issues of national concern. 

Such strategies, in the absence of NPSs derived therefrom, provide 

support and direction to LIUDD principles concerned with, for 

example, both biodiversity protection and restoration, and energy use 

efficiency.  

Urban Design 

Protocol 

An instrument designed to promote 

improved awareness of urban design 

issues throughout the country 

Implementation of the strategy by stakeholders is voluntary but 

provides opportunities to link environmental science, planning 

policies and design guidelines in ways that can give effect to LIUDD 

principles. 

Regional 

Policy 

Statement  

Key RMA (1991) policy document for 

each region beneath NPSs. RPS gives 

some direction to District Plans. 

Opportunity to include policies that will influence uptake and 

implementation of LIUDD by Districts in the region. 

Regional Plan Non mandatory plans (except Regional 

Coastal Plan) under RMA (1991) 

formulated by regions to manage 

specific resource issues over the whole 

region or part e.g. a catchment.  

Regional Plans also give policy guidance to District Plans. 

Opportunity to include policies and rules aligned with LIUDD 

principles for earthworks and  stormwater management within 

catchment context. Provides framework for granting of 

comprehensive catchment consents for stormwater.  

Regional 

Coastal Plan 

(RCP) 

Mandatory regional plan under RMA 

(1991) sets policies and rules for 

Coastal Marine Area (CMA) that 

receives stormwater and effluent under 

conventional development scenario. 

Some RCPs have policy influence over 

the landward extent of the coastal 

environment. 

Influences the degree to which the marine environment is the 

assumed recipient of unlimited piped stormwater and sewage effluent 

discharges. May therefore exert pressure to control these at source on 

land. Identifies and sets rules for coastal protection areas. Provides 

context for resource consents in the CMA. Resource consent 

approach will influence the pressure put on other parties to provide 

cyclical processes in infrastructure design and thereby minimimise 

demands for resources and the impact of discharges.  

District Plan Mandatory plan under RMA (1991) 

controls granting of subdivision 

consents. Also sets rules with which 

development form must comply. Must 

not be inconsistent with higher level 

plans in RMA hierarchy. 

District Plan determines whether subdivision layout can meet 

requirements of LIUDD principles. DP may either facilitate or create 

barriers to LIUDD implementation through rules for street, lot, or 

infrastructural standards. District Plan can control percentage of 

catchment or site that may be in impervious surfaces.  DP sets rules 

that influence the granting of and conditions on resource consents to 

subdivide.  

Iwi Plans prepared by Iwi for their area May give guidance for the protection of biophysical resources and 
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Management 

Plan 

(rohe). Must be considered during 

preparation of plans under RMA.  

sensitive areas of natural and cultural importance to the Iwi. May 

show where the aspirations of an Iwi align or are contrary to LIUDD 

principles. 

Strategic Plan Sometimes also termed Area Plan. 

Non-mandatory plan to give long-term 

over-view to resource management of a 

region or district.   

Suitable tool for identifying the ‘least impact’, most suitable 

areas/sites in a region/district for eventual urbanisation and for 

permanent resource protection. This is therefore a key tool for 

implementation of Principle 2.  

Structure Plan Non-mandatory plan process by 

District Councils.  

A flexible tool for conceptualising the balance and layout of 

development versus protection areas for a specific location. Its 

flexibility enables use of the catchment as a design unit (Principle 1, 

Table 4.2) and the opportunity for community participation. The 

author participated in a community-council working party to develop 

such a structure plan for Taupo West (see Ch.6).  

Long Term 

Council 

Community 

Plan (LTCCP) 

Mandatory Plan (under the Local 

Government Act 2002) outlines 

community-council agreed aspirations 

for the future of the district.  

Provides an opportunity for citizens to express to councils their 

aspirations or opposition to the incorporation of LIUDD designs and 

technologies in the local district or region. LTCCP provides the long-

term planning context within which a community may forsee the 

gradual replacement of conventional design and infrastructure with 

LIUDD equivalents.    

Local 

Community 

Plan (LCP) 

Voluntary plan prepared by residents to 

express their priorities for protection, 

management, rehabilitation or 

development.  

Good examples are already available where such planning has been 

carried out in a catchment context. LCPs can form input to LTCCP. 

Local Community Plan processes provide an opportunity for gaining 

the support of residents for the LIUDD approach.  

Annual Plan Mandatory Plan (under the Local 

Government Act 2002) formulated by 

Regional and District Councils. Forms 

part of the LTCCP when it is prepared 

every 3 years. 

Annual financial allocations that will enable the financing of LIUDD 

uptake. Higher initial capital allocations may be required for LIUDD 

infrastructure with gradual payback over decades.  

Asset 

Management 

Plan 

Mandatory Plan (under the Local 

Government Act 2002) guides 

management of properties and 

infrastructure of regional or district 

council.  

Successful LIUDD depends upon sympathetic management of 

council-owned open space, streetscapes and infrastructure for 

stormwater, waste and water services. In particular to accept different 

amortisation approaches especially in redevelopment situations.  

Integrated 

Catchment 

Management 

Plan 

Non-mandatory process used by 

councils to either  design infrastructural 

networks, or by communities and 

councils to prioritise actions to resolve 

resource management conflicts (see 

Chapters 3 and 4).  

Both types of ICMPs are key tools for ensuring implementation of 

LIUDD in a catchment context. Stormwater engineers will continue 

to use ICMPs to design comprehensive catchment based networks 

regardless of whether these are based on conventional piped systems 

or dominated by onsite stormwater treatment technologies with storm 

overflow provision. The second type of ICMP is the ideal framework 

for Local Community Plans (see above).   

Best Practice 

Guidelines 

Non mandatory guidelines written 

often by councils to encourage sound 

practice.  

Such guidelines can be highly influential for education of 

stakeholders. A good example is the Low Impact Development 

guidelines prepared by the Auckland Regional Council which are 
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used nationwide by engineers from both public and private sectors.   

Codes of 

Practice 

Guidance given to development and 

construction sectors on standards to be 

met during construction. 

Relevant codes deal with practices such as subdivison, roading and 

building construction. These codes are highly influential in 

determining whether LIUDD will be put into practice by the 

construction industry. 

Resource 

Consent 

Conditions 

Conditions placed on resource consents 

granted by regional and district 

councils under the RMA (1991). 

Conditions set at the time of the granting of resource consents will 

influence the degree to which LIUDD principles are implemented. 

This will particularly influence those principles concerned with the 

containment of water, nutrient and contaminant cycles. Monitoring 

conditions are particularly important to assess LIUDD effectiveness. 

Differential 

rating 

Practice of district or regional council 

in providing rating incentives for 

property owners.  

Differential rating systems can be used to encourage property owners 

to install technologies or design site layout in a manner which favours 

good LIUDD practices such as reduction in site coverage in 

impervious surfaces, planting of trees, installation of rain water tanks 

or insulation in buildings.  

Table 4.3: Some planning tools and processes for implementation of LIUDD principles and sub-principles 

(van Roon et al., 2005) 

was also needed in this area so an ICMP was prepared for the catchment as input to the strategic 

planning process. It is expected that the South West Area Plan would, as necessary, lead to the 

preparation of detailed neighbourhood or sub-catchment structure plans for local development, 

along with changes to the City Plan through the formal processes. 

Of interest for LIUDD implementation with respect to the hierarchy of plans in South West 

Christchurch is the local tiering of statutory and non-statutory plans that together meet requirements 

under the RMA and LGA. The plans inform policy-making and implementation to fulfill various 

council functions and requirements that range from the strategic overview to detailed land use 

planning and implementation. Over the past six years plans have been developed sequentially to 

inform various dimensions of the development process in a complementary, rather than hierarchical 

way (Dixon, 2005a: van Roon et al., 2005). 

Structure plans are frequently used by councils to assist with detailed planning of greenfield sites. 

There is no standard approach to structure planning nor are there required outcomes. This gives 

councils, with input from communities, flexibility to adapt the process and its outcomes to the 

uniqueness of every site. It also leaves open opportunities for innovation when structure-planning 

processes are used for the development of LIUDD concepts. When catchments are used as the 

spatial framework for structure planning there is a greatly increased opportunity to incorporate 

LIUDD principles. Structure plans need to be developed within a strategic context, as demonstrated 

by the experience of developing the Proposed Taupo West Rural Structure Plan (Chapter 6) that 
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was delayed while TDC prepared a ‘district-wide growth management strategy’ (van Roon et al., 

2005). 

 
4.6 Conclusion  
 
Both a definition of LIUDD (Section 4.2), and a summary of principles and actions (Section 4.5) 

that make LIUDD implementation possible, have been provided. Together these differentiate this 

urban design concept from other complementary concepts (for example ecovillages). This coherent 

tool creates the means by which all stakeholders involved in development processes can generate 

checklists, using the codes provided, to document implementation achievements. It is hoped that 

this will bring greater clarity to stakeholders who hold the key to the introduction of LIUDD into 

plans, guidelines and everyday practice. The application of LIUDD principles will require the 

reformulation of planning tools and codes of practice to promote and implement those principles 

(van Roon et al., 2005).  It is important to develop a range of tools, and to make optimum use of 

existing tools, to assist with LIUDD uptake. Table 4.2 is a work in progress. Change is expected to 

be least in the main principles. The implementation alternatives listed are the beginning of an 

evolving task and will require continual amendment and updating.  

The RMA and the LGA together provide most of the statutory constraints and opportunities for the 

implementation of LIUDD. This is not to say that other statutes, such as the Conservation Act 1987, 

have no bearing on implementation but this is minor by comparison. The principles for LIUDD, 

developed in this Chapter, have to date typically been translated into policy within structure plans or 

strategic plans that are non-statutory in nature and enable good community participation in plan 

development. This process is in some cases followed by Plan Changes to District Plans. 

Implementation of LIUDD principles occurs, mainly at the local level, through methods that involve 

the consents for subdivision layout, reservation of vegetated areas under public or private 

ownership, and alternative design and construction of stormwater and water supply systems. 

Approvals and monitoring of standards for these activities and infrastructural assets sit mostly 

within the RMA and LGA requirements respectively. 

Successful implementation and outcomes for LIUDD depend upon the willingness of stakeholders 

to implement new techniques and practices. The uptake of LIUDD would be assisted by improved 

capacity building and the adoption of multi-disciplinary and multi-skilled approaches by 

practitioners (van Roon et al., 2005). Changes both in the attitudes of professionals and in the way 

institutions operate (Heslop and Gray, 2007; Heslop and Hunter, 2007) are necessary to facilitate 

uptake. 
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LIUDD is very much a work in progress and is rapidly evolving towards an integrated urban design 

and development process. The publication of the New Zealand Urban Design Protocol (MfE, 2005) 

added a new incentive to strengthen the relationships of LIUDD with urban design, sustainable 

design and planning. Nonetheless, the uptake of LIUDD principles and practices (van Roon and van 

Roon, 2009) requires greater awareness by practitioners of the importance of catchments (Chapter 

3) as an appropriate unit for planning and assessment purposes (van Roon et al., 2005). The 

capacity of practitioners to understand the complexity and importance of ecological processes (van 

Roon and Knight, 2004) needs to increase if LIUDD is to be incorporated into local government 

processes, including the plans and practices listed in Table 4.3. 

Chapter 5 demonstrates how the coded Principles and Methods framework (Table 4.2) has been 

used to assess LIUDD uptake and compliance in a variety of case study developments. The lessons 

learned from these assessments have been used to refine the framework as indicated by the 

feedback loops in Figure 1, Chapter 1. 
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CHAPTER 5  
 

REVIEW OF LIUDD PRINCIPLES AND METHODS 

 BY APPLICATION TO CASES   
 

5.1 Introduction 

 
The purpose of this chapter is to test the principles, and secondarily the methods, for their 

robustness and appropriateness in different development contexts, and to assess the overall 

relevance of the framework for sustainable urban design. Eight case study projects from both New 

Zealand and overseas are briefly described and then assessed with respect to elements of the 

framework. As shown in Table 5.1 these cases include examples of: greenfield developments or 

greenfield proposals of varying densities near metropolitan limits and coastal dune-lands; urban 

regeneration and brownfield areas; and existing urban areas over 50 years old. Most of the 

examples are dominated by residential use. Cases are clustered in 2 groups of 4 within template 

tables that, despite their importance, are impractical to include in Chapter 5 and they have therefore 

been placed in Appendix B. Two tables (‘a’ and ‘b’, one for each cluster of 4) for each principle 

have been created. Within each table the LIUDD implementation methods related to that principle 

have been copied from the right column of Table 4.2 of Chapter 4. All cases and Appendix B tables 

are referred to in the discussion of each principle in Section 5.3. Following a brief summary of the 

characteristics of each case study area, each principle or a number of related principles are 

discussed.  
 Greenfield construction, was rural Greenfield design 

only 
Brown-
field 

Established > 50 years 

Case study Stad van de 
Zon 

Aurora Regis Whitford Te Arai New Lynn Waiheke  Titirangi 

Country Netherlands Australia NZ NZ NZ NZ NZ NZ 

Land use Mixed town 
–no industry 

Mixed 
town –no 
industry 

Resident. Resident. Mixed 
resort 

Mixed 
commerce 
residential 

Resident. Resident. 

Density Med/high Mixed low medium low Med./mix low low 

Clustering houses √ √ √ √ √ X X X 

No of houses 3,500 10,000 66 134 - 160 850    

Area hectares >300 650 34 9 620    

Approx % total 
impervious 

~30 < 50 < 10 > 40 10 > 90 < 10 20 - 30 

Catchment basis 
for design 

Partial, 
artificial 

√ √ partial X X partial X 

Streams X √ √ √ √ √ √ √ 

Estuary X X X √ X √ X distant 
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Effects to 
coast/harbour 

√ 

low 

√ 

very low 

√ 

very low 

√ 

medium 

√ 

medium 

√ 

extreme 

√ 

low 

√ 

med./low 

Wetlands √ √ √ √ √ √ √ √ 

Riparian re-
vegetation 

X √ √ √ √ √ partial √ 

Re-vegetation 
(hectares/% of 
site) 

√ 

100 ha (40 
ha forest) 

Native 
riparian 

native 

19.5/60% 

√ native 

> 10% 

native Riparian 

< 3% 

X Riparian: 
Twin 
streams 
project 

Forest old growth X Red gum X X √ X √ √ 

Swales X √ X √ √  X X 

Raingardens X √ √ √ X X X X 

Infiltration device X  √ √ √ √ X X 

Stormwater pond 
or lake 

√  X √ √ √ X X 

Curbed streets √  √   √ X X 

Stormwater piped √   X  √ X √ 

Sewage 
reticulated 

√ √ √ √ √ √ X √ 

Sewage effluent 
to forest/ golf 
course or ground 
infiltration 

X X √ √ √ X √ X 

Septic tanks X X X X X X √ X 

Sewage effluent 
to water supply 

X √ X X X X X X 

Rain tanks X √ some √ √ X All houses some 

Employment good, 
adjacent 

good distant distant X good little little 

Public transport good good poor poor X good good poor 

Local services excellent good 4 km 
distant 

little little good good moderate 

Distinctive 
features 

Re-created 
ecosystems 
–wetland, 
forest, lake 
for 
swimming, 
wetland 
treatment of 
lake water, 
emissions 
neutral, 
photo-
voltaics 

Balanced 
sustain-
able 
design. 
70% water 
saving, 
energy 
efficient. 

Sewage 
effluent 
recycled 
as dual 
water 
supply. 

Commun-
al open-
space 
planting/ 
facilities 
owned / 
managed 
by 
residents 

Adjacent 
existing 
Whitford 
village 
and 
sensitive 
estuary. 

District 
Plan 
Change. 
Commun-
al space 
owner-
ship.  

5.3 km 
of 
dunes, 
pine 
forest, 
850 
houses 
/resort. 
Contrar
y to 
plans. 

Regional 
growth 
node, 
conventio
nal, under 
redevelop-
ment, 
assessed 
for 
LIUDD, 
impacts 
estuary 

Island 
isolation, 
high 
vegetat-
ion cover 
on private 
lots, 3 
waters not 
reticulat-
ed 

Native 
forest on 
private 
lots 
otherwise 
conventio-
nal. 

Reference Heerhugo-
waard 
Gemeente, 
2009 

McLean 
2003 

Van 
Roon, 
2008; van 
Roon and 
Dixon, 
2006 

Bruce 
pers.com
m. 2006; 
MCC, 
2009a.  

Ward 
2005 

Van Roon 
and van 
Roon 
2005b 

 van Roon 
and 
Moore, 
2004 

Table 5.1 Summary of characteristics of case studies 
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The case studies were chosen to represent a cross section of New Zealand residential developments 

of varying housing density that include greenfields, brownfields and established residential areas. In 

most, but not all cases, respect for ecosystems was evident, in urban design and management. Two 

overseas cases were selected for their likely compliance with the LIUDD principles and methods 

framework, as examples likely to provide different lessons compared with the local cases.  

Site-specific reasons for choosing particular cases were: 

• Stad van de Zon: ecosystems are re-created; emissions neutral for carbon dioxide; 

greenfield; medium-density residential; European; 

• Aurora: greenfield; mixture of housing densities; 70 percent water recycling; zero sewage 

effluent discharge; energy efficient; Australian; 

• Regis: greenfield; countryside living density; catchment as a design and construction unit; 

60 percent re-vegetation; cluster housing; onsite containment of most stormwater and 

sewage effluent; 

• Whitford: medium-density residential; greenfield; re-vegetation of riparian margins; 

clustered housing; onsite stormwater treatment; 

• Te Arai: greenfield; coastal village in sand-dune environment; ecosystem protection and 

re-vegetation; cluster housing; onsite stormwater management; 

• New Lynn: brownfield; mixed urban development; at the headwaters of an estuary; 

undergoing land use change and intensification; 

• Waiheke: established; low-density residential; coastal; high proportion of tree cover; a lack 

of a piped stormwater network; and situated on an island with accessibility challenges; 

• Titirangi: an established low-density residential subdivision with a high proportion of tree-

cover; piped stormwater network; and riparian re-vegetation along streams. 

 
5.2 Overview of case study projects 

 
In this section case studies are clustered according to development type and the main characteristics 

of each case study are summarised. 

5.2.1 Long-established residential catchments  

Titirangi, Waitakere City: This is an established low-density residential area (lot sizes typically 800 

square metres or above) situated in a sub-catchment of the Upper Waitemata Harbour. Titirangi is 

characterised by coverage of residential sites in predominantly indigenous forest the protection of 

which is promoted under the District Plan of Waitakere City. This forest cover, continuous with that 
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of the adjacent upland Waitakere Ranges Regional Park, is important in maintaining biodiversity 

and reducing stormwater impacts upon local streams and estuaries. The neighbourhood is in other 

respects conventional and typical of New Zealand developments of over 50 years ago. Water supply 

and wastewater services are linked to regional reticulated systems. Stormwater is piped to open 

streams that have riparian vegetation.  

Palm Beach, Waiheke Island: Waiheke Island lies in the Hauraki Gulf, New Zealand, within a 

thirty-minute ferry commuter range of downtown Auckland. The Palm Beach catchment, (Figure 

5.1) on the northern coast of Waiheke Island, is an established low-density residential environment 

with an urban form typical of New Zealand neighbourhoods in the 1950s. There is above average 

coverage of private lots in tree or shrub vegetation, building footprints are small, sewage is treated 

onsite in septic tanks, narrow streets are not curbed or channeled and stormwater is conducted and 

processed naturally in 

roadside vegetated 

ditches. There is some 

intensification of 

residential buildings 

occurring with 

construction of 

isolated clusters of 

townhouses. 

5.2.2 Greenfields where residential or mixed-

use development is under construction 

Stad van de Zon, Netherlands: The Stad van 

de Zon (Figure 5.2) is a ‘new town’, which 

has been constructed on polder-land in the 

north of the Netherlands. Dykes that prevent 

the unintentional mixing of water across 

adjacent polders surround the town but 

sewage and first-flush stormwater are 

pumped out for treatment. Numerous 

ecosystems, including a wetland, lake and a 

forest have been created within the site and 

form an integral part of the new town. The 

lake is maintained at bathing water quality by 

 
Figure 5.2: Stad van de Zon square island, lake and 
surrounding park visible in the lower left of this image 
adjacent to the town of Heerhugowaard. Source: 
Heerhugowaard Gemeente, 2009. 
 
 
 
Figure 5.2: Stad van de Zon  

Figure 5.1 Palm Beach catchment  
Waiheke Island. Photo: M.van Roon 
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the constant recirculation of lake water through the wetland for ‘natural’ treatment. The Stad is 

extensively fitted with photovoltaic systems on roofs and mounted panels above buildings. Building 

construction achieves very high standards of thermal insulation and the Stad claims to be the first 

emissions neutral town in Europe. The design population for the Stad is 5000 people 

(Heerhugowaard Gemeente, 2009).  

Aurora, Melbourne, Australia : 

This ‘new town’ (Figure 5.3) 

under construction 15 km north 

of Melbourne is designed for an 

ultimate population of 25,000 

residents. The relatively flat 

predominantly grassland site is 

located adjacent to a train-line 

that would provide for 

commuter travel to 

employment nodes near 

Melbourne thereby minimising 

the need for private vehicle use. 

Housing is at varying densities 

with the highest densities of 

energy efficient houses being close to the train station. Green corridors with cycle-ways will bisect 

the town. Aurora has been designed with an emphasis on water recycling and water-use efficiency. 

Sewage is to be treated on an adjacent site and the effluent will be polished to a Class A water 

standard for reuse by residents for non-potable purposes. This will prevent any discharge of effluent 

to Port Phillip Bay, which is sensitive to excessive nitrogen inputs causing eutrophication. 

Rainwater for roofs supplies hot water systems and stormwater is to pass through biofiltration 

devices before discharge to streams. By these means a 70 percent reduction in potable water 

demand is anticipated (Lim, 2003). 

Regis Park, Manukau City, New Zealand: Regis Park is a low-density residential estate under 

construction in a headwater sub-catchment of the Otara Stream. As part of the Flat Bush 

Development, which is anticipated to accommodate a population of 40,000 by 2020 in 

predominantly medium-density housing, Regis Park will be distant (4 km) from a major 

commercial and community service centre. This is a car-dependent community as public transport 

and employment are limited. The development includes many LIUDD features and follows sound 

Figure 5.3: Aurora concept plan. Source: (VicUrban, 2009) 
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ICM principles. The 66 houses are clustered to free space for indigenous re-vegetation, source 

control of stormwater within rain gardens (on every lot), wetlands and community sewage 

treatment. Sewage effluent will be discharged to vegetated areas on-site. Open space areas and 

communal facilities are owned and managed by residents. Of a total of 34 ha, 19.5ha has been re-

vegetated (van Roon and Dixon, 2006). The concept plan for Regis Park is shown in Figure 7.6. 

5.2.3 Greenfield developments that have been designed and have been seeking local authority plan-

changes and consents  

Whitford Village extension Saleyard Road, Manukau City: The developer of Regis Park, Regis 

Holdings Ltd., has prepared a proposal for an extension to Whitford Village in the form of a 

residential development (Figure 5.4), with numerous sustainability features, and adjacent to 

Saleyards Road and Turanga Creek estuary. This and other pressures for expansion of Whitford 

Village have led to Proposed Plan Change 27 of the Manukau District Plan (MCC, 2009a). This 

Proposed Plan Change 

adopts many of the 

recommended principles 

and methods of LIUDD. 

Plan Change requirements 

are further reinforced and 

elaborated in the 

Whitford Village Special 

Policy Area Design and 

Environment 

(WVSPADE) Guidelines 

(MCC, 2008). 

The Regis Holdings 

proposed residential area 

was conceived using many of the design approaches used in Regis Park but at a higher density. It 

includes clustered predominantly medium density housing with limited building footprint, (the Plan 

Change 27 provides for lots down to 200 square metres (excluding communal space), minimisation 

and discontinuity of impermeable surfaces, (mostly therefore desirably ineffective in terms of 

stormwater transport), re-vegetation of riparian and steep areas, at-source stormwater devices, 

rainwater tanks, and energy and water efficient construction of buildings. MCC has subsequently 

written the WVSPADE Guidelines to reflect many of the good intentions of the proposing 

developer. Both developer and Council are to be applauded for this. 

Figure 5.4: Whitford Village Special Policy Area 
Structure Plan (MCC, 2008) 
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Te Arai, Rodney District, New Zealand: The Te Arai site (Figure 5.5), adjacent to an open sandy 

beach, includes a 5.3 km stretch of sand dunes behind which is commercial pine forest. In the 

Rodney Proposed District Plan (RDC, 2002) the site is zoned for rural uses with protection of 

landscape values and natural features and was recently returned (by purchase) to the ancestral 

indigenous claimants (Ward, 2005). The proposed development included initially 1400 houses later 

reduced to 850 (and even later to 180 houses), a camping ground, a golf course, a coastal park (70% 

of the site), a commercial centre, and protected wetlands, dunes and streams on a 620 ha site (TUH 

and NZLT, 2005). Areas of ecological importance such as wetlands, dunes and streams would be 

protected. The 10% built footprint was required to clear the stream riparian zone and coastal margin 

by 50 and 200 metres respectively. The clustering of houses, intended to have rainwater tanks and 

groundwater bores, would maximise natural open space and there would be “lot design that is 

responsive to natural contours” (Ward, 2005). Wastewater treated effluent disposal was intended to 

be to land, and stormwater would pass via swales to wetlands, detention ponds or infiltration pits. 

House construction guidelines would encourage adoption of ‘greenroofs’, energy efficient 

construction, and water-efficient appliances. The proposed zone stated that all vegetation planted 

must be native (Ward, 2005). Although RDC in 2009 declined approval for the development (RDC, 

2009) the design is assessed for its compliance with the LIUDD principles and methods. 

 

5.2.4 Mixed-use brownfield catchment /neighbourhood under redevelopment 

New Lynn, Waitakere City: New Lynn is identified for residential and employment intensification  

Figure 5.5: Te Arai Structure Plan (Source TUH and NZLT, 2005) 
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in the Auckland Regional Growth Strategy (ARGF, 1999). The suburb lies at the confluence of 

regionally significant rail and road lines, in the lower Whau catchment at the head of a confined and 

vulnerable estuary (Figure 5.7). The central business district and adjacent residential areas are under 

redevelopment and are subject to Waitakere District Plan Change and variation 17 (Figure 5.6). 

Former industrial sites are being redeveloped for medium/high density housing or community 

purposes. Commercial areas are under renovation and extension. Residential areas are within 

walking distance of the train station, commercial centre and 

employment node. Regionally linked water and wastewater 

services are conventional. Stormwater has been detained 

and treated mostly in stormwater ponds but the author has 

assessed the site for at-source stormwater management 

(Appendix A.3) to be implemented as part of 

redevelopment.  

 
5.3 Application of Primary Principle 1: Work with 

nature’s cycles on a catchment basis to maintain the 

integrity and mauri of ecosystems and minimise 

ecological footprints (Appendix B.1a and B.1b)  
 
5.3.1 Discussion 

The greenfield case studies of Regis, Te Arai, the Stad, 

Aurora and Whitford all demonstrate how suburban 

environments can be designed, in most cases constructed, and managed to optimise sustainability, 

!

 

Figure 5.6: Proposed Variation 17 of the 
Waitakere District Plan (WCC, 2009) 

Figure 5.7: The Whau catchment 
within which New Lynn is situated at 
the head of the estuary Source: 
Waitakere City Council 
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biodiversity and the use of natural cycles. This is particularly apparent in the Australasian 

greenfield cases that lie near to or well beyond the metropolitan urban limits. It is in part the 

location beyond easy access to wastewater networks, and in the Te Arai and Waiheke cases the 

absence of a reticulated water supply, that has stimulated innovative design and services dependent 

upon ecosystem processes. The designers, however, have shown sensitivity for ‘design with nature’ 

by maximising use of cyclical rather than linear systems for water and, in the southern hemisphere 

cases for waste. This is demonstrated under Principle 1 (Appendix B.1a/b) and Principle 2.3 

(Appendix B.4a/b). The Stad van de Zon in the Netherlands, by contrast, is within reach of regional 

water and wastewater networks to which it is connected. It therefore demonstrates only partial but 

innovative utilisation of local natural cycles, in this case primarily for recreation, by the creation of 

the interdependent clean stormwater collection surfaces, lake, wetlands, and forest through which 

local rainfall circulates. The established urban areas of New Lynn and Titirangi by contrast have a 

traditional infrastructure that encourages linear flow of contaminated stormwater directly into 

streams and estuaries, and linkage to regional scale water supply reticulation and sewerage. There is 

no recirculation of local water in these cases although there is potential to retrofit at-source 

stormwater management devices and rainwater tanks. Of all the case studies the one showing 

outstanding cycling of local energy is the Stad van de Zon which has been designed to be emissions 

neutral. It makes excellent use of solar energy for electricity production and pedal power (cycles) 

for local transport. Only two of these case studies, Regis and Aurora, clearly show a design that is 

based on an understanding of catchment processes. The Stad van de Zon site lost its catchment 

connection a long time ago when it was converted to a flat agricultural polder below sea level. The 

created web of ecosystems that make up the fabric of this development have characteristics in 

common with a catchment, that is, partial self containment and interdependence of terrestrial and 

aquatic components.  

Collaborative relationships between stakeholders in greenfield case studies are more obvious than 

those in brownfield case studies. In the brownfield New Zealand examples conventional approaches 

to infrastructure, city layout and responsibilities encourage a continuance of the segregation of 

professional and service personnel. This could be contrasted with the Christchurch City Council’s 

sectors, where personnel and finances from drainage, parks, recreation, planning, ecology and water 

supply departments were integrated in the Waterways and Wetlands project of the late 1990’s 

within brownfield areas of Christchurch (see Chapter 3.2). 

5.3.2 Conclusion 

Where resource scarcity is a driver for innovation, and this is combined with a willingness to work 

with, rather than against, natural processes, innovative design of greenfield developments enables 
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optimum use of cyclical processes. This is particularly effective when implemented in a catchment 

context. The retrofitting of brownfield areas can over a long time period enable conversion of some 

linear processes to cyclical. Several case studies show that the principle is effective and practical to 

implement.  

 
5.4 Application of Secondary Principle 2.1: Effect impact minimisation through site selection 

(Appendix B.2a and B.2b) 
 
5.4.1 Discussion 

The rationale for site selection up to a century ago for the established areas of Waiheke and 

Titirangi is not considered here. A comparison is made below of the cases in Appendices B.2a/b 

with respect to site selection. This indicates that councils making decisions on whether to allow 

urbanisation of greenfield sites (Aurora, Stad van de Zon, Regis, Whitford, or Te Arai) or 

intensification of urban use (New Lynn), have been very variable in the weighting they have 

assigned to the ecological carrying capacity of the site when compared with weightings on 

economic and social advantages.  

Of all the cases Aurora and the Stad van de Zon demonstrate the most balanced rationale for site 

selection. The Stad van de Zon polder was previously ecologically barren and its choice for urban 

development was made on grounds related to its proximity to major transport corridors and to the 

town of Heerhugowaard. The Stad forms part of an urban cluster, referred to as the Hal, which 

under the direction of National Planning policy for Vinex Greenfield developments (VROM, 1990) 

is required to accommodate growth. Similarly the Aurora site has few environmentally sensitive 

features. It is distant from the shores of the nutrient sensitive Port Phillip Bay, inputs into which 

have largely been avoided. Aurora, like the Stad, was chosen for its proximity to transport routes 

and adjacent employment areas. 

 In the case of Regis Park, MCC has acknowledged the low carrying capacity by limiting 

development intensity and requiring re-vegetation of stream corridors. Whether or not development 

of any sort on the sensitive Redoubt Road ridgeline should have been permitted is debatable. In the 

case of New Lynn more influential factors, such as the presence of major transport corridors and 

employment opportunities have outweighed the ecological carrying capacity of the estuary as a 

determinant in site selection for this site, which was identified in the Auckland Regional Growth 

Strategy as a regional intensification node (ARGF, 1999). Although expansion of the existing 

Whitford Village may be preferable to patchy urban proliferation beyond the metropolitan urban 

limits of the east of the Auckland Region, it threatens over time to repeat urban intensification at the 

head of a sensitive estuary as in New Lynn. It is also contrary to both Regional and District policy 
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on the urbanisation of this area of high ecological sensitivity (RDC, 2002; ARC, 1999b). In the Te 

Arai case study tangata whenua and Darby Partners, by applying for a District Plan Change for 

residential purposes, challenged the rural zoning of the District Plan that also provided for 

protection of the landscape and natural features (RDC, 2002). The applicants for the Plan Change 

sought to establish urban use on an ecologically sensitive site adjacent to areas of high landscape 

value. The return of the site to tangata whenua has provided some motivation to realise an economic 

return via redevelopment in a culturally acceptable style. At the time of writing consents for the Te 

Arai development had been declined (RDC, 2009), and the Whitford District Plan Change was still 

in process (MCC, 2009a).   

5.4.2 Conclusion 

The New Zealand sites, in contrast to the Aurora and Stad van de Zon cases, rank very poorly in 

terms of site selections that respect ecological sensitivity whilst simultaneously providing for high 

priority employment, service, transport and cultural needs. The need to limit urban intensification 

within ecological carrying capacity is over-ridden by these other pressing determinants. Some 

excellent examples of the defence of ecological carrying capacity is seen however in the catchments 

of Okura and Mangamangaroa-Turanga (which includes the Whitford Village site) discussed in 

Section 3.14. The principle is valuable for drawing attention to the need to promote design that 

works within natural cycles and catchments and strives for win-win solutions rather than trade-offs. 

 
5.5 Application of Secondary Principle 2.2: Efficient use and fair valuation of ecosystem 

services and infrastructure (Appendix B.3a and B.3b)   
 
5.5.1 Discussion 

There is some evidence in the case studies of Aurora, Stad van de Zon, Regis and Whitford that 

ecosystem services, whether used or not, have been valued fairly. However the use of ecosystem 

services to achieve drainage functions appears to be driven more by sustainability objectives than 

by cost savings, although developers are invariably keen to be reassured that such objectives are 

achieved in, at worst, a cost neutral fashion. In some cases it is clear that costs will be recovered 

from higher real estate prices. As part of the Christchurch City Council Waterways and Wetlands 

Project, (CCC, 2000), an interdisciplinary group identified actual or potential gains in ecology, 

landscape, culture, heritage, recreation, drainage, groundwater recharge, and long term drainage 

cost reductions, following an asset management strategy review. They provided a 150-year 

comparative costing of conventional piped stormwater infrastructure versus a naturalised waterways 

and wetlands.  

 



 126 

5.5.2 Conclusion 

The relatively poor performance of selected cases in applying this principle does not mean that the 

principle should be abandoned. It merely highlights the need to apply greater effort to life cycle 

costing as demonstrated in other parts of the LIUDD programme (Vesely, 2006; Vesely et al., 

2006). 
 
5.6 Application of Secondary Principle 2.3: Maximise localisation of resource use and waste 

minimisation (Appendix B.4a and B.4b) 
 
5.6.1 Discussion 

Designing infrastructure and services around natural cycles (Principle 1) automatically leads to 

localisation of contaminants and resources (Principle 2.3). The Aurora, Te Arai and Regis examples 

show how well this can be achieved when resources are scarce, infrastructure networks are 

unavailable, and the contamination of receiving waters demands remediation. The older established 

residential area of Palm Beach on Waiheke Island demonstrates how isolation and a limited 

population base to pay for reticulated services can be major drivers for successfully optimising the 

use and recycling of diverse local resources. Achievements by most New Zealand cases are weak 

under Principle 2.3X and 2.3XX with negligible local employment and in many cases limited local, 

but some regional, waste recycling. Dependence upon external areas for these services increases 

energy consumption for transport of people, waste and goods. Aurora and the Stad van de Zon score 

better on these principles. 

5.6.2 Conclusion 

The inclusion of Principles 2.3A, 2.3X and 2.3XX serves to draw attention to the imbalance 

between achievements in different aspects of sustainability for each case. Isolation and the absence 

of regional services are major incentives for the localisation of goods and services that is an 

important component in achieving sustainable development.  

 
5.7 Application of Tertiary Principle 3.1: Encourage alternative development forms that 

retain, restore or create natural space and increase infrastructure efficiency (Appendix B.5a 

and B.5b) 
 
5.7.1 Discussion 

The Titirangi and Waiheke cases are not discussed here as there is at the time of writing no 

intention to redevelop them. In the Te Arai and Regis cases the sites were analysed to identify and 

set aside valuable and vulnerable ecological areas. In the Aurora and Stad van de Zon cases there 

were limited ecosystems of note to be protected but there is the intention to enhance or re-create 

them. All of the recent cases demonstrate the clustering or concentration of houses and other 
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buildings in order to free open space without limiting the number of household units accommodated 

on the site. As a consequence there is an outstanding improvement in recreational opportunities 

and/or ecosystem extent and quality compared with most conventional or historical residential 

developments. (Palm Beach/Waiheke and Titirangi are exceptional in this respect.) In the New 

Lynn case, the area labeled in Figure 5.6 as Living 6 has the highest residential density of the New 

Zealand sites, and it conforms well with Principle 3.1B which states: Retrofit brownfield 

developments to encourage vertical over horizontal form and naturalise the resultant open space. 

Also at this site, the opportunity exists to maximise the implementation of many of the LIUDD 

water cycle and biodiversity principles. Ensuring permanent legal protection of open space and 

ecosystems from further residential infill is critical, as is good governance of private communal 

areas, (Dixon et al., 2005; Dixon and van Roon, 2006), and maintenance of ecosystems. The good 

intentions of the designer may otherwise be over-ridden with time.  

5.7.2 Conclusion 

Principle 3.1 is both critical to the success of LIUDD and shown by these examples to be practical 

to implement at diverse residential densities.  

 
5.8 Application of Tertiary Principles 3.2A – E: Stormwater - localisation and naturalisation 

of water, soil and nutrient cycles. Optimise recycling, minimise external demand and 

discharges. Optimise ‘integrated three (or four) waters management’ within local catchment 

(Appendix B.6a and B.6b). 
 
5.8.1 Discussion 

All the greenfield sites make excellent use of natural systems as infrastructure. They all aim to 

cleanse and process onsite most of the stormwater. Within New Lynn there is potential in 

streetscapes and redevelopment sites like Living 6 areas (see Figure 5.7) to install at-source 

stormwater management devices provided care is taken in the choice of device, design and 

construction. The ‘curb and channel’ approach to street design persists in many of the sites but has 

been avoided in the Te Arai design; this is the only site with pervious soils. Curbs, channels and 

piped stormwater systems are absent from Palm Beach, Waiheke, which is a residential 

development constructed at least 50 years ago before curbing was the norm. Curbs may persist for 

non-drainage reasons such as vehicle control in new developments, or the installation of swales 

(complemented by flush curbs), as at Regis, because of steep slopes. This conventional street 

drainage pattern in Regis has, however, not prevented stormwater of street origin being processed in 

on-site ecosystems or low-impact devices. Most of the greenfield sites and the two long-established 

sites have protected or re-created forest that facilitates the evapotranspiration, infiltration and 

utilisation of rainwater. They have also minimised the width of secondary roads, thereby reducing 
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stormwater generation. Regis is the only site to re-vegetate catchment headwaters again reflecting 

the poor understanding and uptake of catchment management observed under Principle 1.  

5.8.2 Conclusion 

The rate of uptake, installation and use of low-impact at-source stormwater management devices is 

improving. The biophysical characteristics of a site justifiably dominate decisions on what it is 

appropriate to install. All these sites have the potential to achieve excellent outcomes for on-site 

stormwater minimisation or re-use. The cases tested have however been chosen for their 

compliance with LIUDD stormwater objectives and are not representative of current practice 

overall. The testing of these cases has not identified any major changes that need to be made to 

either the stormwater sub-principles or implementation methods included. 

5.9 Application of Tertiary Principles 3.2 F – J: Wastewater and water supply - localise and 

naturalise water, soil and nutrient cycles. Optimise recycling, minimise external demand and 

discharges. Optimise ‘integrated three (or four) waters management’ within local catchment 

(Appendix B.7a and B.7b). 
 
5.9.1 Discussion 

Aurora’s 70 percent saving in potable water requirement, and the elimination of almost all 

wastewater contaminant discharge to Port Phillip Bay from the site, are outstanding achievements. 

Palm Beach, Waiheke, has always had too small and transient a population to afford reticulated 

services but the lack of services has recently become part of what makes Waiheke unique, and to 

some of its residents, attractively ‘green’ (perhaps even sustainable) in character. Located on the 

mainland, Titirangi linked more easily to reticulated services and has become just another city-edge 

suburb distinguished only by its vegetation retention and proximity to the Waitakere Regional Park. 

Titirangi, decades ago, joined ‘the rush to modernisation’ that was constrained on Waiheke by 

relative isolation. Both New Lynn and the Stad van de Zon are in a conventional water and 

wastewater service mode. The emphasis in both is on linking or remaining with existing networks. 

There is a need to realise the past investment in these networks. Additional investment in networks 

is nevertheless needed to accommodate population growth. There is therefore a sense of continuing 

unquestionably with ‘business as usual’ without seeking neighbourhood supplementary services 

(such as allowing clivus multrum toilets), or supplies (such as retrofitted rainwater tanks), that 

could reduce the need for additional regional network investment.  The Aurora, Te Arai and Regis 

designs include mainly native plantings that will be adapted to local conditions and are therefore 

less likely than exotic equivalents to add to water supply demand for irrigation post establishment. 

5.9.2 Conclusion 

Implementation of this principle currently only occurs where several factors converge, that is: 
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regional reticulated services are unavailable for connection; there are pressing water shortages or a 

receiving water quality crisis; and the designers are giving priority to sustainability principles. 

These conditions converge in the Regis, Te Arai and Aurora cases with excellent outcomes via 

solutions appropriate to the uniqueness of each case. 

 
5.10 Application of Tertiary Principle 3.2K: Minimum site disturbance during urban 

earthworks (Appendix B.8a and B.8b)  
 
5.10.1 Discussion 

The principle was applied by the designers of the Regis, Whitford and Te Arai cases, however, in 

the Regis case the subcontractor failed to comply with certain requirements of the earthworks 

consent and this led to unfortunate losses of fine sediment to receiving waters during construction 

(Hancock, 2005).  The design of each of these examples allowed for least disturbance of the 

steepest slopes and all riparian zones. The Stad van de Zon by contrast was, like Aurora, 

constructed from a very flat site. In the Stad case the site was re-contoured to create low areas for 

the lake and wetland and raised areas or islands for residential use and forest. Riparian edges of the 

recreational lake were artificially reinforced and building occurred right to the water’s edge. This 

reflected the primary objective of creating the lake for recreational and amenity purposes rather 

than for ecological purposes. On the Aurora site over-winter storage for the secondary water supply 

needed to be constructed (McLean, 2003).  

5.10.2 Conclusion 

The diversity of physical conditions in different cases became the justification for very different 

approaches to urban earthworks. Rules may still be generalised with respect to maximum slopes for 

earthworks, width of riparian protection strips, and disturbance of vulnerable soil types. The 

principle may need softening to allow for unusual sites such as the Stad van de Zon. Although no 

one rule fits all cases some cases demonstrate a concerted effort to limit the historical ‘strip and 

scrape’ approach to site re-contouring. 

 
5.11 Application of Tertiary Principle 3.3: Reduction and containment of contaminants 

(Appendix B.9a and B.9b). 
 
5.11.1 Discussion 

Vehicles and zinc treated corrugated iron roofs are the main sources of contaminants that have the 

potential to degrade the receiving waters of New Zealand residential case study sites and there are 

good intentions for, and in some cases implementation of, at-source capture of these contaminants 

(Principle 3.3A). The New Lynn receiving waters are degraded by stormwater contaminants and to 
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date there has been little attempt to remove these at source rather than in the lower catchment in 

treatment ponds or filters. Onsite treatment cannot fully mitigate contaminants generated by 

commuter vehicular travel to and from developments sited inappropriately with respect to regional 

employment and service centres. In the Stad van de Zon (Netherlands), Aurora (Melbourne) and 

Palm Beach (Waiheke) cases the large proportion of travel that is by bicycle, foot, train or ferry 

minimises the generation of vehicle derived contaminants as recommended under Principle 3.3.X. 

The Stad van de Zon uses a more traditional, but possibly effective, approach of removing to the 

regional sewer system the first flush of stormwater that is assumed to be the most contaminated. 

The recent New Zealand and Australian cases, by contrast, have installed contaminant removal 

devices to treat onsite all but the highest storm flows. There are intentions in New Zealand for a 

reduction in the use of chemically treated materials in the construction industry.  

5.11.2 Conclusion 

Current emphasis in dealing with stormwater contaminant delivery to receiving waters is on 

capturing or diverting those contaminants so that they do not accumulate in aquatic environments. 

There is little evidence in any of these cases that preventing the generation of contaminants is being 

seriously considered although this may occur by default where vehicular travel is curbed (primarily 

for other reasons). Application of the Principles of 3.3 X, 3.3A and 3.3B suggests that they are 

sound and require little revision at this time. 

 
5.12 Application of Tertiary Principle 3.4: Restore, enhance, protect indigenous, terrestrial 

and aquatic biodiversity (Appendix B.10a and B.10b). 
 
5.12.1 Discussion 

There is some duplication in implementation actions for Principle 3.4 with actions for parts of 

Principles 3.1 and 3.2. The reason for this is that vegetation protection or re-vegetation of a site 

serves multiple functions, that is, to facilitate natural character or landscape (3.1X), natural 

hydrological function (3.1, 3.2), and natural biodiversity (3.4). It is necessary to revisit re-

vegetation in each of these contexts. Implementation of this principle should be considered for 

Auckland case studies in the context of the over-arching principles expressed in the Auckland 

Regional Growth Strategy regarding the maintainenance and enhancement of high-quality 

indigenous habitats, especially those in proximity to Significant Natural Areas and Values, during 

(re-)development (ARGF, 1999: 230). The Palm Beach (Waiheke) and Titirangi cases demonstrate 

how terrestrial habitat can be conserved and managed even in catchments where most land is in 

small individual private holdings. The Regis and Te Arai cases show excellent restoration, and 

appropriate governance structures for long-term protection, of indigenous habitats in communally 

owned private spaces. The Regis re-vegetation is an outstanding example to other future 
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‘countryside living’ greenfield developments. The Aurora case shows the greatest balance meeting 

human needs whilst facilitating ecosystem enhancement. Other cases such as New Lynn rate 

ecological values secondary to human needs. There is poor implementation of  riparian re-

vegetation and protection along streams in the Netherlands in general, including the Stad van de 

Zon, with the exception of its wetland zone. This reflects a tradition of perceiving waterways to be 

infrastructure (canals) rather than ecosystems. New Lynn is in transition showing good riparian 

protection along the Whau River in patches where public ownership makes this practical. Regis and 

Te Arai cases show positive attitudes and actions towards restoration, protection and covenanting of 

riparian zones in private communal areas and public space. Except in the Regis case (and the 

polder-based Stad van de Zon, which is exempt) there is little awareness in any of the case studies 

of the desirability of protecting catchment headwater habitats to act as a reservoir for the re-

colonisation of stream invertebrates lost during storm or human-impact events. Research is ongoing 

into the diversity and effectiveness of legal structures and processes for the safeguarding and 

maintenance of vegetated indigenous habitats on communally owned private land in New Zealand 

LIUDD case studies (Lysnar et al., 2007; Dixon and van Roon, 2006; Dixon et al., 2005).  

5.12.2 Conclusion 

Good progress is being made in the re-vegetation of LIUDD greenfield low density residential 

developments in New Zealand. Long-term maintenance and permanent legal protection of re-

vegetation areas is in many cases surrounded by uncertainties that require further oversight. High 

levels of vegetation cover on private lots in established residential areas can be achieved by the 

consistent setting of appropriate district plan policies and rules, and consistent monitoring of 

compliance. Redevelopment of brownfields or historically-denuded sites is an opportunity to re-

create ecosystems. The application of the Principle has not identified any need to modify it.  

 
5.13 Application of Tertiary Principle 3.5: Reduce need for mobility of goods and people 

(Appendix B.11a and B.11b) 
 
5.13.1 Discussion 

The two case studies of Regis and Te Arai that comply so well with most LIUDD principles, except 

that of appropriate site selection, also do not comply with closely aligned Principle 3.5X as there is 

no on-site employment or public transport network in place. Palm Beach (Waiheke) rates poorly in 

terms of employment but its isolation encourages local goods recycling and prevents car 

dependence for commuting, thereby increasing the viability and patronage of public transport. The 

sites that score best on Principle 3.5X are New Lynn, Aurora and the Stad. Each of these three 

developments, groomed as a growth node to accommodate population growth pressures, is in the 
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process of bringing together improved employment opportunities, improved rail and/or bus 

transport, and high-density residential accommodation.   

In the New Lynn case this comes at the cost of the degradation of the Whau estuary and as a threat 

to the Pollen Island Marine Reserve at its mouth. However compliance with many of the LIUDD 

principles is possible over time during the redevelopment of New Lynn, even though it may take 50 

years to complete this upgrade lot by lot, and as infrastructure needs replacement. The Stad van de 

Zon, although lacking its own employment node and train network, links to the contiguous city 

centre of Heerhugowaard which has a good public transport system to the adjacent Randstad. Few 

of the case studies (except perhaps Waiheke Island where Palm Beach is located) give the 

impression of pursuing Principle 3.5XX showing little self sufficiency in goods and services. The 

use of the bicycle in the Netherlands case is the best example of a sustainable transport mode. The 

average Netherlands resident cycles 900 km per year and 46 percent of journeys are between home 

and work (RAI Association, 2009). 

5.13.2 Conclusion 

The inclusion of Principles 3.5X and 3.5XX, in this analysis, draws attention to the fact that it is the 

New Zealand cases that currently meet LIUDD principles least well, that are those with, or with the 

potential to have, a coincidence of employment, public transport and residential intensification. 

These latter achievements are generally accepted as necessary for the achievement of sustainable 

urban design to which LIUDD makes a major contribution. In New Zealand there is a need to 

ensure that implementation of LIUDD objectives during design and construction occurs 

simultaneously with achievement of other Sustainable Urban Design objectives.  

 
5.14 Application of Tertiary Principle 3.6: Minimisation of energy demands (Appendix B.12a 

and B.12b). 
 
5.14.1 Discussion 

The Stad van de Zon case performance in energy conservation, in both building construction and 

transport modes, is outstanding. The Te Arai case as designed, and renewal-only areas of New 

Lynn, have the potential to perform reasonably with respect to energy conservation in buildings, 

whilst Regis and Titirangi reflect mainstream New Zealand society attitudes and standards that are 

basic but improving following the review of the Building Code (DBH, 2007), and leadership from 

sustainability conscious councils such as Waitakere City Council, BRANZ (2009), and Beacon 

Pathway Ltd (2009).  

5.14.2 Conclusion 

Although some of the New Zealand case studies show progress is being made in increasing the 
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energy efficiency of transport modes and buildings, (under the building code and initiatives of 

Councils such as Waitakere City), New Zealand is generally slow to change entrenched energy 

inefficient building and transport habits. In New Zealand, 65 percent of the current housing stock 

was built prior to any mandated requirement for insulation (Beacon Pathway Ltd, 2007). New 

Zealanders have much to learn from nations like the Netherlands where a more extreme climate and 

high urban population densities have stimulated energy efficient construction and public transport 

systems.  

 
5.15 Conclusions  
 
This section includes a summary of conclusions for each principle followed by conclusions that 

relate to the framework as a whole. 

• Primary Principle 1: Work with nature’s cycles on a catchment basis to maintain the 

integrity and mauri of ecosystems and minimise ecological footprints. Where resource 

scarcity is a driver for innovation, and this is combined with a willingness to work with 

rather than against natural processes, innovative design of greenfield developments enables 

optimum use of cyclical processes. This is particularly effective when implemented in a 

catchment context. The retrofitting of brownfield areas can over a long time period enable 

conversion of some linear processes to cyclical.  

• Principle 2.1: Effect/impact minimisation through site selection. The New Zealand sites 

rank very poorly in terms of site selection that respects ecological sensitivity whilst 

simultaneously providing for high priority employment, service, transport and cultural 

needs. The need to limit urban intensification within ecological carrying capacity is over-

ridden by these other pressing determinants. Some excellent examples of the defense of 

ecological carrying capacity is seen in the catchments of Okura and Mangamangaroa-

Turanga. The Principle emphasises design that works within catchments and strives for 

win-win solutions rather than trade-offs. 

• Sub-principle 2.2A: Maintain ecosystems in optimum condition to ensure ongoing capacity 

to support human needs. The relatively poor performance of selected cases in applying this 

principle does not mean that the principle should be abandoned it merely highlights the 

need to apply greater effort to life cycle costing which has been undertaken by other 

LIUDD researchers (Vesely, 2006; Vesely et al., 2006).  

• Sub-principle 2.2B: Maximise use of existing infrastructure. The use of existing 

infrastructure is maximised so as to make best possible use of prior capital investment. 



 134 

• Principle 2.3: Maximise localisation of resource use and waste minimisation. Isolation and 

the absence of regional services are major incentives for the localisation of goods and 

services that is an important component of achieving sustainable development. 

• Principle 3.1: Encourage alternative development forms that retain, restore or create 

natural space and increase infrastructure efficiency. This principle is both critical to the 

success of LIUDD and shown by these examples to be practical to implement at diverse 

residential densities.  

• Sub-principles 3.2A – E: Stormwater: localisation and naturalisation. The rate of uptake, 

installation and use of low impact at-source stormwater management devices is improving. 

The biophysical characteristics of the site justifiably dominate decisions on what it is 

appropriate to install. All these sites have the potential to achieve excellent outcomes for 

on-site stormwater minimisation or re-use. The cases tested were however chosen for their 

compliance with LIUDD stormwater objectives and were not representative of practice 

overall. 

• Sub-principles 3.2 F – J: Wastewater and water supply: localisation and naturalisation. 

Implementation of this principle currently only occurs where several factors converge, that 

is: regional reticulated services are unavailable for connection; there are pressing water 

shortages or a receiving water quality crisis; and the designers are giving priority to 

sustainability principles.  

• Sub-principle 3.2K: Minimum site disturbance during urban earthworks. The diversity of 

physical conditions in different cases is the justification for very different approaches to 

urban earthworks. Rules may still be generalised with respect to maximum slopes for 

earthworks, width of riparian protection strips and disturbance of vulnerable soil types. 

Although no one rule fits all cases some cases demonstrate a concerted effort to limit the 

historical ‘strip and scrape’ approach to site re-contouring. 

• Principle 3.3: Reduction and containment of contaminants. Current emphasis in dealing 

with stormwater contaminant delivery to receiving waters is on capturing or diverting 

those contaminants so that they do not accumulate in aquatic environments. There is little 

evidence in any of these cases that preventing the generation of contaminants is being 

seriously considered although this may occur by default where vehicular travel is curbed. 

• Principle 3.4: Restore, enhance, protect indigenous, terrestrial and aquatic biodiversity. 

Good progress is being made in the re-vegetation of LIUDD greenfield low density 

residential developments in New Zealand. Long-term maintenance and permanent legal 
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protection of re-vegetation areas is in many cases surrounded by uncertainties that require 

further oversight. High levels of vegetation cover on private lots in established residential 

areas can be achieved by consistent compliance with appropriate District Plan policies and 

rules during resource consent decision making. Redevelopment of brownfields or 

historically-denuded sites is an opportunity to re-create ecosystems. 

• Principle 3.5: Reduce the need for mobility of goods and people. Among the New Zealand 

cases examined in this chapter, it is those that currently meet LIUDD principles most 

comprehensively, that have the least coincidence of employment, public transport and 

residential intensification. These latter requirements are generally accepted as necessary 

for the achievement of sustainable urban design to which LIUDD contributes. There is a 

need to ensure that implementation of LIUDD objectives occurs simultaneously with 

achievement of these other sustainable urban design objectives.  

• Principle 3.6: Minimisation of energy demands. Some of the New Zealand cases examined 

in this chapter show progress is being made in the increasing energy efficiency of 

buildings (under the building code and initiatives of Councils, BRANZ and BEACON). 

New Zealand also has a large stock of older buildings that have minimal insulation 

(Easton, 2008; Isaacs, 2006) and much could be learned from nations like the Netherlands 

that have responded to more extreme climates.  

This completes this summary of conclusions on individual principles but finally some closing 

comments on the Principles Framework as a whole. This chapter has tested the Principles and 

Methods for their robustness and appropriateness in different development contexts and locations. 

All cases are only partially compliant with the framework. Principles on site selection and 

catchment context are least well complied with. Aurora scores most highly, achieving a near perfect 

compliance. Compliance tends to be higher in greenfields and established developments that are 

situated close to or beyond metropolitan urban limits if they are forced to achieve a degree of self-

sufficiency with respect to the water cycle. These examples have less difficulty and incur fewer 

costs than central city developments in making space for technologies and ecosystems that are 

needed to achieve ‘low impact’ objectives. Compliance with many of the LIUDD principles is 

possible over time during the redevelopment of brownfields like New Lynn lot by lot and as 

infrastructure needs replacement. The examination of examples from the Netherlands and Australia, 

where there are unique biophysical constraints and settlement histories, showed that the LIUDD 

framework is internationally applicable, and that these countries have examples where site selection 

has been adequately canvassed. 
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The inclusion of additional sustainable urban development principles identified by X in Table 4.2, 

together with case analysis, shows that it is the New Zealand cases that currently meet LIUDD 

principles least well that are those with, or with the potential to have, a coincidence of employment, 

public transport and residential intensification. There is a need to ensure the simultaneous 

implementation of all dimensions of sustainability.  

The policy framework is valuable because it: is relevant for brownfield and greenfield 

developments; facilitates the comprehension of complexity in the interaction between natural 

processes and urban design; is internationally relevant; and it draws attention to sustainability 

requirements for ecosystems and the water cycle that may be overlooked or under-rated by 

professionals faced with pressing socio-economic drivers (such as the need for affordable housing) 

and government policies on urban regeneration. This LIUDD analysis can be used to inform 

decision makers, so that they become more critically aware of tradeoffs in the urban design and 

redevelopment process. 

Many LIUDD objectives have been achieved in some case studies not analysed in this chapter, for 

example, the Flat Bush Development and the Long Bay Structure Plan both of which, along with 

Taupo West, are discussed in Chapter 6 to follow. 
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CHAPTER 6 
 

APPLICATION OF LIUDD PRINCIPLES TO STRUCTURE PLANNING IN 

THE INTEGRATED CATCHMENT MANAGEMENT CONTEXT  
 

6.1 Introduction 
 
In the previous chapter the LIUDD Principles and Methods were applied to eight diverse case 

studies. Three major cases where structure planning, LIUDD and ICM have been merged were 

deliberately excluded because they were deserving of a more in-depth examination, individually 

and in their relationship to each other. Chapter 6 discusses these three cases. 

The case has previously been made in this thesis (Chapter 3) and elsewhere (van Roon and Knight, 

2004; Bowden, 2002; Heathcote, 1998) for the use of the catchment as the logical unit of 

management in both urban and rural contexts. This chapter demonstrates catchment-based LIUDD 

structure planning, and the uptake of the catchment as the logical cross-sectoral framework for 

urban design and management. This is achieved, by examining the interfacing or merging of 

structure planning and ICMPs, within three LIUDD examples that have features in common. The 

intention is to show sequential uptake of this methodology across the three case studies in the last 

decade, and to demonstrate the relevance of leadership, the allowance of time, and provision of 

catalysts for institutional change and community acceptance to occur. The author reports on Long 

Bay and Flat Bush as an outside observer to the planning and design process. In the third case, the 

author had the opportunity to become personally involved in structure planning for Taupo West. For 

this reason, a significant part of the chapter is given over to the Taupo experience that provided 

lessons on the local community context of LIUDD implementation. In Section 6.2 some 

background will first be given on structure planning and ICM planning. This will provide the 

context within which to discuss and compare the case studies.  

 
6.2. The definition and merging of methodologies 
 
6.2.1 Structure Planning  

Structure planning, which is sometimes catchment-based, is in New Zealand a non-mandatory 

design process carried out predominantly by local territorial authorities. Structure planning aids 

councils in the fulfillment of requirements under both the RMA and the LGA by supporting the 

planning and management of growth. In some regions such as Auckland, the Regional Policy 

Statement (ARC, 1999) may reinforce or set requirements for structure planning to be used after 

appropriate strategic planning has occurred (ARC, 2005a). Structure plans need to be compatible 
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with other regional and district planning documents such as growth strategies, transport strategies, 

ICMPs, and Network Management Plans.   

A structure plan can be defined as: 

A plan which guides development so the form and intensity of development is 

appropriate to the character of the land, and the environmental values to be 

protected. Structure planning will consider the natural character of the land, the 

location and scale of infrastructure, and identify the future pattern of significant land 

uses based on a consideration of alternatives (ARC, 2005a: 60). 

The emphasis in this definition is upon land, with no mention of water as a significant part of the 

system undergoing change. It is acknowledged however that ‘environmental values to be protected’ 

could include water and biodiversity.  

6.2.2 Integrated Catchment Management Planning  

The principles and methods of ICM have been outlined in Chapter 3. Different community or 

professional sectors have varying perceptions of what is an ICMP. As discussed in Chapter 3, two 

distinctly different types of ICMPs are commonly used in New Zealand, that is, the type used by the 

engineering profession for stormwater and wastewater network design, and the type used by 

communities and resource management professionals to identify and resolve resource use conflicts.  

The ARC defines an ICMP as: 

A process/plan which manages water resources and land use on a catchment scale. It 

is a process which identifies the important characteristics of a catchment in which 

resource management problems already exist or may occur as a result of 

(re)development or other major changes in activity patterns. In particular, an ICMP 

identifies the natural and physical constraints of the catchment that control the form 

and intensity of growth/land use. It may describe alternative urban and rural futures 

and identify and evaluate the cost-effectiveness of addressing their 

consequences/adverse effects on the catchment environment, particularly on the 

hydrological cycle (ARC, 2005a: 61). 

This definition is broad and usefully encompasses and merges the two types of ICMPs. It also sets 

the scene for the merging of structure planning, ICM and LIUDD, as described in the cases that 

follow. Desirable inclusions in an ICMP are provided in greater detail in Policy 5.4.10 of the 

Proposed Regional Air Land and Water Plan (PALWP) (ARC, 2001). The definition from the ARC 

structure planning guideline as cited above included the following additional clause that narrows 
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public expectation to anticipate that ICMPs in the Auckland Region will deal only with stormwater 

issues. 

An ICMP identifies and investigates risks from stormwater diversions and discharges 

to the environment; and identifies the best practicable options for avoiding, 

remedying or mitigating those risks (ARC, 2005a: 61). 

The ARC does go on to point out that there should be a coincidence of structure plan area 

boundaries with ICMP boundaries and where this is not achievable both plans should take into 

account effects (including cumulative effects) of the structure plan on the whole catchment (ARC, 

2005a). The ARC also draws attention to the need for the integration of structure planning and 

ICMPs and for their simultaneous preparation (ARC, 2005a).  

In the Auckland Region the Regional Plan: Coastal (ARC, 2004a) and the Proposed Auckland 

Regional Plan: Air, Land and Water (PRPALW) (ARC, 2001) include requirements concerning 

ICMPs. Some guidance is provided by the ARC on what should be included in ICMPs for 

comprehensive stormwater management (ARC, 2007). Further detailed guidance is provided on 

ICMPs by the ARC (2006) in a guideline on ICMP funding eligibility.   

6.2.3 Merging 

The emphasis in the definition of the practices of ICM planning and structure planning (above), and 

for LIUDD (Chapter 4), is important in influencing how planners and engineers perceive their task 

in preparing plans, and whether or not synergy develops between professionals and plans. 

Avoidance of the perception of land, water and ecosystems as separate entities during all planning 

and design is vital. The choice of type and location of land use (typically central to structure 

planning) would ideally follow decisions made regarding water and wastewater systems 

(traditionally central to ICMP), catchment ecological carrying capacity, and the optimisation of 

ecosystem processes (traditionally excluded from the first two processes). Structure planning, ICM 

and LIUDD might ideally be merged as one process under the umbrella of sustainable development 

(discussed in Chapter 2.6).  

 
6.3. Catchment-based case studies in LIUDD 
 
The Long Bay and Flat Bush structure plans were developed in the late 1990s. An understanding of 

the history of stormwater management approaches (Chapter 1) and ICM (Chapter 3) in the 

Auckland Region, leading up to this period, is helpful in appreciating why the case studies evolved 

as they did. Both Long Bay and Flat Bush are contributory sub-catchments of the Hauraki Gulf, the 

catchment management of which is discussed in Section 10.2. Taupo West, discussed below, is 
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mostly contained by the Mapara sub-catchment of the Lake Taupo catchment, and the latter was 

introduced in Chapter 3.9. 

6.3.1 Long Bay, North Shore City: successful adoption of structure plan and incorporation of 

LIUDD concepts in the District Plan via a Plan Change 

Structure planning for the Vaughans Stream Catchment and a small part of the adjacent Awaruku 

Catchment began almost a decade ago following the decision by the Environment Court (1996) to 

allow extension of the Metropolitan Urban Limit from the southern ridgeline to the northern 

ridgeline of Vaughans Stream Catchment (Figure 6.1). The upper catchment contains considerable 

bush cover and like the Vaughans Stream itself has high ecological values. The lower catchment 

has been impacted by pastoral activities. Vaughans and Awaruku Streams discharge to the coast 

within the Long Bay Regional Park and the Okura-Long Bay Marine Reserve. High recreational 

and ecological values associated with the waters of these reserves created a need for high water 

quality in both marine waters and the streams discharging to the coast. The challenge therefore for 

NSCC was to design and manage the development of an urban form that would protect water 

quality, high aquatic and terrestrial ecological values, and landscape quality. NSCC was also 

seeking to maintain some of the continuity of access, vegetation and recreational opportunity 

characteristic of the Long Bay park environment, into the Vaughans riparian stream corridor.  

The structure plan preparation included community consultation (NSCC, 1999; 1998) that gave the 

Council guidance on values sought by the community in terms of neighbourhood form, mix of 

housing style and density, the retention of landscape and ecological assets, the amelioration of 

visual impact through design, and the enhancement of recreational opportunities. In 2001 the NSCC 

publicly notified Variation 64 to the District Plan, this being the first of several steps to incorporate 

the structure plan within the District Plan. Public consultation was followed by acquisition by the 

Council of further parkland adjacent to the Regional Park. Variation 64, which did not involve re-

zoning of land, was replaced in 2004 by the notification of Variation 66 and Plan Change 6 (NSCC, 

2006a). It was not until 2006 that Council formally adopted the Variation and Plan Change (NSCC, 

2007). An ICMP covering stormwater and wastewater has also been prepared by NSCC as part of 

the application to the ARC for a ‘Comprehensive Discharge Consent’. This is an essential 

companion to the structure planning and District Plan Change process. 

The land use strategy is shown in Figure 6.1. The primary objective of the Variation and Plan 

Change is to protect the natural environment of Long Bay whilst allowing some appropriate 

development to accommodate population growth. Key characteristics of the structure plan that 

conform with LIUDD principles and methods include: the catchment as a design unit; minimisation 

of earthworks in vulnerable locations; the protection and enhancement of riparian and catchment 
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headwater aquatic and terrestrial ecosystems; at-source stormwater management and the use of a 

‘treatment train’ approach with an objective of maintaining pre-development stormwater discharge 

levels; minimisation of impervious surfaces; concentration and clustering of housing units in the 

least ecologically valuable and vulnerable parts of the catchment; declining density of development 

and increasing ecosystem enhancement from lower to upper catchment; and a reduction in potable 

water use by the mandatory installation and use of rain tanks for non-potable supply purposes. 

The mix of housing density, from low density in the upper catchment to moderately high density in 

the down-catchment village, not only provides for variety in housing choice and cost, but it also 

allows a reasonable accommodation of the household numbers needed to absorb population growth, 

while still optimising space for ecosystem retention and recreation. For those members of the public 

supportive of ecological and hydrological gains, some higher density housing could be perceived as 

the necessary tradeoff. The Long Bay structure planning process could be considered to be a 

premier New Zealand example of the merging of structure planning, ICM planning, and LIUDD. 

The three practices converge. This is not to say that every possible LIUDD method is likely to be 

Figure 6.1: Long Bay Structure Plan District Plan Variation 66: Land Use Strategy (NSCC, 

2009)  
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implemented or that there is no environmental damage1 as a result of this development. Rather, it 

indicates that Long Bay delivers the promise of a more comprehensive uptake of LIUDD methods 

than has been seen in any other New Zealand development of this scale.  

What was the synergy of circumstances within NSCC at the time that enabled this to come about 

and how can other councils learn from this example? A graduate researcher from the University of 

Auckland interviewed Council staff who had been involved in the combined process since its 

inception and found the following combination of circumstances were essential for success: 

• The 1996 Environment Court decision requirements to protect receiving water conditions; 

• Encouragement and technical advice from ARC stormwater staff, and publication of the 

ARC Low Impact Design manual (Shaver, 2000); 

• The presence of and respect for the Long Bay-Okura Marine Reserve; 

• The activities of the Great Park Society pressing for open space, conservation and minimal 

development; 

• Public desire for unpolluted beaches and effective stormwater management; 

• Consultant reports highlighting the ecological values and geotechnical constraints within 

the catchment; 

• A council engineer in the infrastructure and water services area with the insight and 

persistence to champion the ‘low impact’ and ‘sustainable design’ approaches and to 

educate, as necessary: politicians, the community and particularly Council colleagues; 

• The persistence of Council staff over the five years it took to get buy-in to the concept and 

to facilitate collaboration across professional sectors in Council; 

• Recognition within Council that collaboration takes time; 

• The ensuring of openness during the process so that there would be no surprises when the 

plan was notified (Pierce, 2006). 

NSCC was well aware that the best-developed plans might come unstuck if insufficient guidance 

was provided for implementation. The Council therefore set up a Long Bay Task Force to provide 

practical advice to ensure comprehension and compliance. It was recognised that the best made 

plans, policies and guidelines could be misunderstood at the resource consent desk or at the on-the-

ground implementation phase (Pierce, 2006). Council also had difficulties with a ‘divide and 

conquer’ approach by developers when dealing with different departments within Council. 
                                                
1 Consternation has been expressed by well-known New Zealand landscape architects at the depth of earthwork cuts in 
the lower and less-well protected half of the Vaughans Stream catchment (Lucas, pers.comm., 2007).  
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Council’s task force therefore had a focus on the overall plan and tried not be drawn into a 

piecemeal approach (Pierce, 2006). 

NSCC has undertaken other actions citywide that transfer some of the stormwater management 

learning from the Long Bay process and also facilitate implementation within Long Bay. In 

particular NSCC have completed Plan Change 22 to the District Plan (NSCC, 2006b), in order to 

bring about change from conventional stormwater management using piping and lower catchment 

detention ponds to low impact stormwater management using at-source control approaches and 

devices within ‘treatment trains’. The Plan Change provides a range of mitigation methods to 

reduce the creation of stormwater and to mitigate its effects at source. The degree of mitigation 

required for impervious surface areas depends upon the environmental values to be protected in 

different types of Stormwater Management Areas (SMAs). In SMAs 1 and 2 for ‘Protection and 

Enhancement’, runoff must be mitigated back to the equivalent of only 10 to 15 percent of site area 

being impervious. This is consistent with LIUDD Principle 3.2B (Chapter 4, Table 4.2).  

6.3.2 Flat Bush, Manukau City 

The Flat Bush greenfield development covers an area of 1700 ha and is expected to accommodate a 

population of 40,000 by 2020 (MCC, 2009). In mid-1999 MCC released a concept plan for the 

development of the East Tamaki catchment (Flat Bush) (MCC, 2002a). Also the site was identified 

as a greenfield development area in the Auckland Regional Growth Strategy (ARGF, 1999).  

As with Long Bay the spatial framework for the concept plan and greenfield development is a 

catchment, in this case the catchment of Otara Stream and its headwater tributaries. Within Otara 

Creek is one of the Regional Council’s baseline water quality monitoring sites. Of 16 sites regularly 

monitored Otara Creek has the poorest water quality (ARC, 2000). Otara Stream discharges into the 

Tamaki Estuary, which is a tributary of the Waitemata Harbour known to have degraded water 

quality due to urban runoff (ARC, 1997b). A style of urban development within Flat Bush is 

therefore desirable that does not add to this contaminant burden, further reducing the ecological and 

recreational values of the estuary.  

In the formative stages of the Flat Bush Structure Plan freshwater ecological values were also 

recognised as needing protection. Aquatic ecosystem objectives were developed for the Otara Creek 

catchment. Habitat, bank stability and riparian zones were assessed, and four stream types were 

identified (Boothroyd and Kingett Mitchell Associates, 2001). Three instream management 

objectives for banded kokopu (throughout Otara Creek), shortfin eels (main-stem streams), and 

sensitive macroinvertebrate taxa  (headwater and hill valley streams), were suggested for the Otara 

Creek catchment (Boothroyd and Kingett Mitchell Associates, 2001). These objectives required 
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riparian planting, bank stabilisation, and the maintenance of: flows, floodplains, fish passage and 

natural stream channel geomorphology (Boothroyd and Kingett Mitchell Associates, 2001). 

A 2004 structure plan (Figure 6.2) was two years later incorporated into the District Plan as 

Variation 13 (MCC, 2006). A Catchment Management Plan (CMP) was prepared for the Flat Bush 

catchment and a Comprehensive Catchment Discharge Consent was granted by the ARC prior to 

2005. Councils are now required under the PRPALW to prepare ICMPs, and the Otara/Flat Bush 

ICMP was scheduled for completion by December 2007 (MCC, 2007).  

According to Krpo and Sheppard in reference to Flat Bush:  

The Catchment Management Plan represents a backbone on which the District Plan 

variation is based. In particular the Catchment Management Plan promotes the 

rehabilitation and protection of the waterways including purchase of the land for 

stormwater management and provision of over 48 stormwater ponds to buffer the 

waterways from the urbanised subcatchment. Krpo and Sheppard (2005) 

Furthermore as pointed out by (Harland, 2001) much of the ‘greenfinger’ land in the new 

development is in the 100-year flood protection plain anyway, so it has no development potential. 

Some 45 km, representing 90 percent, of natural streams and gullies will be protected and enhanced, 

and half of that will be in Council ownership and management. Almost half of these protected 

waterways will be part of the urban fabric and will be provided with roads developed on only one 

side, which will open and define those green corridors. These corridors will form the backbone of 

the stormwater management system, ecological pathways and recreational opportunities and 

facilities (Krpo and Sheppard, 2005). 

As is the case at Long Bay the protection and enhancement of vegetation and streams within 

riparian corridors is paramount, as is the intensification or clustering of housing to free natural 

space for ecological, hydrological and recreational functions in other parts of the catchment. Both 

cases have these essential LIUDD methods in common. As with Long Bay there is protection of the 

steepest headwater catchment areas from intensive development by limiting the lot size to a mean of 

5000 square metres. In lower catchment areas lot sizes decline to around 400 square metres and 

single family homes are interspersed with areas of multiple dwelling units and apartments. In both 

cases the village centre and shopping area, surrounded by high-density housing, is to be constructed 

on catchment lowlands. Such centres tend to have high ratios of impervious to pervious surface 

area. Lower catchment rather than upper catchment location of these impervious areas, limits 

excessive stormwater generation in headwaters from where it would impact during discharge on a 

larger proportion of the stream system. Flooding of lowland areas is also reduced.  
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A major difference between the mid/upper-catchment areas of Flat Bush compared with mid/upper-

catchment areas of Long Bay is that there is minimal requirement on the private landowner to avoid 

or mitigate stormwater generation through the minimisation or mitigation of impervious areas, or 

through requirements for rainwater tank installation. Instead stormwater from private lots at Flat 

Bush is conveyed to the nearest of the 48 off-line stormwater ponds for detention and water quality 

treatment. These ponds are dispersed throughout the catchment. Unlike at Long Bay there is little 

obligation upon the residents to play their part in the avoidance of stormwater generation and 

management, as Council carries this out in the public realm. 

At both Flat Bush and Long Bay the role of private landowners, either separately or jointly, in 

 

Figure 6.2: Flat Bush Structure Plan (MCC, 2004) 
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biodiversity enhancement, and in the avoidance of stormwater generation, decreases from 

catchment headwaters to catchment lowlands. There are, however, major differences in the two 

cases. NSCC at Long Bay, is more demanding than is MCC at Flat Bush, in requiring and 

entrusting the owner or occupier of individual private lots to play a major part in at-source 

stormwater control, reducing potable water demand, and enhancing biodiversity through re-

vegetation, pest/weed control, raingarden installation, and mandatory rain tanks. By contrast, 

landowners are less restricted in the countryside living zone on Redoubt Road in Flat Bush. The 

author has observed differences between these two councils with respect to their confidence in the 

co-operation and participation of the public in stormwater prevention and property maintenance.  

Despite the above differences, however, some very positive outcomes for Flat Bush catchment 

ecology are arising as a result of the structure plan and Variation 13 (Figure 6.2). For example, the 

riparian corridors or ‘green fingers’, requiring re-vegetation in upper sub-catchments, the ridgelines 

of which are fringed by Redoubt Road. Developers of new subdivisions are required to protect and 

re-vegetate riparian corridors that form part of the stream network. Private landowners must also 

jointly maintain these headwater re-vegetated riparian areas in Flat Bush. and limit building site 

coverage to less than 15% of each site.  

The justification for and results of paired catchment studies within sub-catchments, such as those of 

Regis Park and Tiffany Close, along this ridgeline are reported on in Chapters 7 to 9. The objective 

of these studies was to examine the receiving water ecological efficacy of  partial uptake of LIUDD 

in relation to low to medium density residential development. Within this context exceptional 

changes in urban form plus vegetation protection and re-vegetation initiatives by developers and 

residents are critical. In some cases these go well beyond what is required by Council and show 

community and developer leadership. Regis Park (Chapter 7) is one of the few sub-catchments of 

Flat Bush where substantial progress has been made in designing a development to avoid and 

evapo-transpirate stormwater, using an array of ‘low impact’ techniques in the private realm. After 

eight years of planning MCC anticipates that development in Flat Bush will occur in several stages 

that began in 2004, in the west and north, and will extend to 2020. 

6.3.3 LIUDD in Taupo  

Structure planning for new greenfield developments in Taupo West commenced a few years later 

than that at Long Bay and Flat Bush, providing an opportunity, as explained below, for lessons to 

be transferred. 

The Context: Development pressure in Taupo occurs within an environment that is both treasured 

and vulnerable. Retention of landscape quality around the Lake is dependent upon the protection of 

prominent headlands and ridges and the maintenance or restoration where possible of locally 
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distinctive indigenous vegetation. The lake is valued for its water clarity, aesthetic appeal, 

suitability for contact recreation, and support of a world-renowned trout fishery. Over the past 

decade, however, some confined bays have begun to show signs of excessive weed growth and 

reduced water quality. There have been closures of Whakaipo Bay, Taupo West, as a result of algal 

blooms (Foreman pers. comm., 2004). It has been determined that the availability of nitrogen is a 

key factor currently limiting algal growth (Vant and Huser, 2000). In addition to limiting nutrient 

inputs to the Lake from such sources as farming runoff and, secondarily, sewage effluents, there is 

also a need to minimise the accumulation of toxic contaminants, particularly in those bays adjacent 

to urban areas. There has been increased pressure to urbanise lakeshore properties, as a response to 

a community belief that urban use will produce lower nitrogen inputs to the lake than pastoral 

farming. (Section 3.9 provides a background to nutrient management and community participation 

within the Lake Taupo catchment as a whole.)  

By 2003 TDC was, within the township of Taupo, avoiding the direct discharge of some stormwater 

to the Lake by infiltrating stormwater at-source to the porous pumice soils, sometimes after pre-

treatment. This was occurring on private property, on street verges and in designated stormwater 

management corridors. TDC was already incorporating infiltration gulleys and low impact 

stormwater devices, such as swales, within some new housing areas. However, they were 

enthusiastic about offers of assistance with the monitoring of stormwater devices, and in exploring 

other LIUDD dimensions related to urban form and biodiversity enhancement. Overland flow paths 

including riparian corridors with dry ponds had earlier been set aside by TDC in Taupo East and, 

although these were functional from a stormwater management perspective, many were infested 

with noxious plants. TDC was keen to explore the indigenous re-vegetation of these corridors. 

Some new riparian stormwater treatment corridors were found to not infiltrate to the extent 

expected as a result of compaction by earthwork machinery (Simcock and Smale, 2005).   

The discussion that follows focuses on responses to urban development pressures and a transition to 

catchment-based structure planning (including LIUDD) within one western sub-catchment of Lake 

Taupo. This case has been placed after Long Bay and Flat Bush to show how lessons learned in 

early cases have been applied to a later case. This sequential learning is dependent upon good 

community and council-collegial buy-in (Scott, 2007).  

Proposed Taupo West Rural Structure Plan: TDC process: In late 2003 TDC commenced a 

structure planning process, under the LGA, for the Taupo West rural/rural-residential area 

extending from the southern side of Acacia Bay towards Kinloch with a primary focus upon the 

catchment of Mapara Stream which discharges to Whakaipo Bay. The area to which the Proposed 

Taupo West Rural Structure Plan (PTWRSP) refers lies between Acacia Bay to the east and 
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Kinloch to the west. Each of these areas is the focus of another structure plan. The Council decision 

to develop the PTWRSP was in response to developer and property-owner pressure in the Mapara 

Valley (Figure 6.3) to give consents to develop land-holdings smaller than 4 ha in area as allowed 

for in the District Plan (TDC, 2007a). Up to this time Council’s response to development 

applications for Taupo West was reported by some as ad-hoc and reactive, granting approval to 

miscellaneous pockets of development on sites with the best views and in the ownership of 

individuals with strong development interests. In late 2003 TDC staff negotiated, with developers, a 

hold on applications for rural-residential developments in Taupo West until such time at the 

PTWRSP was completed. 

This put time pressure upon the TDC, which subsequently proposed a timeline of three months for 

completion of the draft commencing at the time when the ‘guiding principles’ for plan development 

were defined. OPUS consultants were appointed to prepare the plan under the guidance of TDC 

staff, and to facilitate public consultation. In making a decision to develop this structure plan TDC 

was reactive rather than strategic. There had been no prior District-wide growth strategy 

undertaken, and therefore there was no publicly available justification for allowing growth in Taupo 

West, as opposed to other parts of the District. In other words the LIUDD site selection Principle 

2.1 (Table 4.2) had not been applied.  

Preparation of the PTWRSP and LIUDD team involvement: Initial informal contact by the author 

with the manager of stormwater at TDC led to several invited presentations by the author on 

LIUDD to the full council. These resulted in good buy-in to the concept by some political 

representatives. The outcome of this was a further invitation to two LIUDD research team 

members, including the author, to participate in the deliberations of steering and working groups 

established to give guidance and stakeholder input to the preparation process for the PTWRSP. 

Participation in monthly meetings throughout 2004 enabled the author and the other LIUDD 

representative to explain to consultants and staff preparing the plan what LIUDD was about and 

Figure 6.3: Taupo West Mapara Valley. Photo: M. van Roon. 
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how it might be incorporated. Such explanations had the effect of informing all sectors of the Taupo 

community represented on the working group, which led to independent buy-in from these sectors. 

The working group environment enabled exchange of ideas between stakeholders who might never 

otherwise learn from each other. As explained above, there are strong ecological and landscape 

protection ‘drivers’ for managing any development process in Taupo West. It was because of the 

sensitivity of the working group to these ecological ‘drivers’ that the author was able to promote 

LIUDD (in an ICM context) as the approach to development to ensure the minimisation of further 

damage (or even the enhancement) of the catchment and lake. Lessons from the Long Bay and Flat 

Bush structure planning processes provided some of the foundation for this advice. There were 

opportunities to present some of this information as submissions both informal and formal. The 

LIUDD team attended 15 meetings with council, consultants and the community.  

The planning unit for the PTWRSP was a ‘neighbourhood’. As there appeared to be a lack of 

understanding of the desirability of using the catchment as a planning unit the LIUDD Primary 

Principle (van Roon and van Roon, 2005a) was the first to be promoted. Discussions on LIUDD 

within working group meetings led to an invitation from the Chair to the author to prepare maps of 

an alternative layout for Taupo West rural-residential development using a ‘low impact’ approach. 

A design specific to Mapara Valley was purposely avoided. Application of a ‘low impact’ approach 

to actual sites within Taupo West at that time would have pre-empted Council intentions and given 

landowners unreasonable and premature expectations of development opportunities. The series of 

three maps and explanatory notes (van Roon, 2004) were presented both to the PTWRSP Working 

Group and to the public at a consultation workshop in Taupo West. The maps compared a 

conventional rural (Figure 6.4), ‘rural-residential’, or ‘countryside living’ (Figure 6.5) layout with a 

‘low impact’ countryside living (Figure 6.6) equivalent. Feedback on these concepts and inputs by 

LIUDD team members to the Working Group deliberations together influenced development of the 

PTWRSP. Concepts related via the ‘three maps’ drew on experience with other LIUDD case studies 

such as Long Bay and Flat Bush as well as the Conservation Subdivision approach of Arendt 

(1996), and permaculture approaches (Holmgren, 2007). What the author promoted2 is reproduced 

in Appendix C.1.  

Potential benefits of a development in Taupo West of a ‘low impact’ type of development would, in 

the author’s opinion, include: a decrease in the need and cost to Council and ratepayers for roads, 

stormwater piping, water treatment and delivery and centralised sewage treatment; increased 

terrestrial and wetland biodiversity, protection of streams and the lake from contaminant discharges 

and increased storm flows; increased efficiency of stormwater treatment corridors and devices; 

                                                
2 In consultation with H. van Roon. 
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increased choice of lifestyle for residents (e.g. living in the country without caring for unwanted 

farmland); reduced rate burden for residents; increased opportunity for productive agricultural uses, 

and a landscape and biodiversity profile with reduced scars of previous pastoral farming 

degradation. These were considered ‘potential’, as they would necessitate a chain of ‘plan-

changing, consenting and development’ steps to make them a reality. In late May 2004 TDC 

released a draft PTWRSP map only (Figure 6.7), to which the author responded (Appendix C.2). 

The plan text (TDC, 2004) as finally released, incorporated (Appendix C.3) some aspects of 

LIUDD conveyed to consultants, Council staff and stakeholders during the plan-preparation 

discussions. Less influence was evident in the plan map (Figure 6.8), which recommended 

‘high/medium density rural use’ throughout the riparian zone.  

The author’s three maps (Figures 6.4-6.4) were included as Appendix 4 to the PTWRSP. TDC staff 

expressed the opinion at working group meetings that the plan concepts did not necessarily need to 

comply with the Proposed District Plan (TDC, 2000) as Plan Changes could be made to implement 

the PTWRSP. Council staff and the consultant re-interpreted and translated the cluster-housing 

concept in the author’s ‘map 3’ (Figure 6.6) into appropriate definitions of zones (TDC, 2004 

Glossary: 35- 39), District Plan language, policies, development guidelines and implementation 

methods (TDC, 2004: 17 - 31). Layout plans for the cluster concept for each of the density classes 

of development were produced along with rules concerned with the number of dwellings per 

cluster, lot size, building envelope location, access, and most importantly, the land area to be 

contributed to ‘balance-land’ for each lot created (TDC, 2004 Glossary: 35 – 39). There were also 

important clauses on how the ‘balance land’ was to be protected from future building construction 

or infill. There were some changes in the concept as a result of this interpretation and later 

consultation and submissions showed reduction in public support for the concept. It was a strong 

and valuable attempt by consultants and staff to convert the LIUDD Principles and Methods into a 

workable District Plan format. 

Following the public release of the PTWRSP (TDC, 2004) the Council received submissions and 

hearings were held in late 2004. LIUDD team members, including the author, participated strongly 

in this, and made submissions in order to support and further strengthen LIUDD approaches within 

the Plan. A summary of the formal submission is presented in Appendix C.4 but for reasons of 

space full submission details have been excluded. Council in February 2005 put the structure 

planning process for Taupo West on hold and in 2006 undertook a District-wide Growth Strategy 

project. In part this reflected a growing awareness of the need to justify development locations, a 

process similar to appropriate site selection for LIUDD (Principle 2.1, Table 4.2)). 
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Figure 6.4: Concept Map of an Existing Rural 

(Pastoral) Catchment with similarities to, but not 

depicting, the Mapara Valley. (Map produced by M. 

van Roon for the PTWRSP process, 2004) 

Figure 6.6: A catchment based concept plan for 

Low Impact Rural-Residential development (Map 

produced by M. van Roon for the PTWRSP 

process, 2004) 
 

Figure 6.5: A simulated catchment that typifies the 

conversion of pastoral land into a conventional New 

Zealand ‘rural-residential’ or ‘countryside living’ 

environment. (Map produced by M. van Roon for 

the PTWRSP process, 2004). 

 

Figure 6.7: Draft PTWRSP map 27 May 

2004 (Taupo District Council). Legend: rural 

high density – red; rural medium density – 

orange; rural low density - lime green; no 

development – green 
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The lessons for LIUDD uptake 

provided by the PTWRSP process: 

Lessons from a critique of the 

processes as carried out by TDC and its 

consultants include:  

• Local authority consultation 

processes can be used as an 

opportunity for community and 

council education on LIUDD 

approaches or techniques if 

appropriate practitioners are  

invited to join the process. This 

is the means by which Taupo 

stakeholders including council 

staff, consultants, governmental 

representatives, NGO 

representatives, developers and 

real estate personnel obtained 

knowledge and, for some, ‘buy-

in’ to LIUDD. 

• Councils, such as TDC, may 

have insufficient planning staff 

capacity in terms of numbers, 

expertise and institutional memory, to manage the complexity surrounding development 

pressures in their district. Low numbers and rapid turnover of staff and politicians leave 

councils dependent upon an array of consultants with little or fragmented local knowledge 

and no continuity. 

• Councils need to use appropriate public participation processes that treat all parties equally. 

There is a need to ensure that the stated objectives of a consultation process are upheld 

during the process. 

• Local structure planning should occur within the context of strategic planning to determine 

the most appropriate locations for future development. This strategic planning, which may 

take the form of a Growth Management Strategy, will be a major contribution to the 

achievement of Principles 1 and 2.1 of LIUDD (Chapter 4). 

 
Figure 6.8: The final map of the Proposed Taupo West 
Structure Plan September 2004 (TDC, 2004). Legend: 
Protected: green; low-density rural zone: khaki; high 
density rural zone: red  
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• Discussions on wastewater, stormwater and traffic management should precede or coincide 

with, and inform planning processes rather than follow site selection decisions made by 

planners and elected representatives in isolation.  This reinforces the need for the merging 

of ICM planning and structure planning processes, and necessitates the inclusion of 

engineers in a public consultation process that is currently dominated by planners. 

• There is a need to educate a larger proportion of planning staff in councils about catchment 

processes and ecosystem services. This will enable planners and infrastructure engineers to 

communicate using a common language about urban design across a nested hierarchy of 

design units, including the catchment. 

• Strong public support for a ‘low impact’ approach as advocated by the ‘3 maps’ (Figures 

6.4-6.6) in a countryside living environment has been demonstrated. That support needs to 

be retained in the conversion of such concepts into appropriate language and rules within 

structure plans or district plans. In the Taupo case there were some fundamental changes in 

the concept as a result of this conversion. 

District Growth Strategy outcomes for Taupo West and Mapara Valley structure planning: The 

Taupo District Growth Management Strategy (TDGMS) (TDC, 2006) confirmed the presence in the 

Mapara Valley of a residential growth node centered on a cross-valley transport corridor, the 

Western Kinloch Arterial (WEKA) that the Strategy also proposed be constructed between Kinloch 

and Taupo. WEKA was proposed to cross the mid-valley between Tukairangi Road and Mapara 

Road. The TDGMS has indicated (TDC, 2006: 118) that the southern extremity of this residential 

node will need to reflect the community’s desire for a substantial setback from the margins of Lake 

Taupo. This setback needs to consider a suitable distance in terms of the potential contamination of 

the lake via either surface or ground water. The TDGMS indicated that of the 5440 recommended 

residential lots to be created in the northern growth area between Kinloch and Waitahanui, 2000 

lots should be created in the Mapara Valley over the next 20 years. The TDGMS further indicated 

that structure planning should proceed in 2007 for the future growth node of Mapara Valley to 

clarify the densities, the rate of development uptake, and how infrastructure will be provided (TDC, 

2006: 131). It also stated that ‘Plan changes will need to be prepared in parallel with structure 

plans for these areas, and notified in conjunction with the structure plans’ (TDC, 2006: 131).  

LIUDD was listed in the TDGMS (p110) as one of the issues to be dealt with in this structure plan. 

Similarly the need to develop an ICMP for the guidance of stormwater management was indicated. 

The spatial extent of the structure planning area for the Mapara Valley was to be determined by 

‘ridges that define the valley’ (TDC, 2007b: 54). This recognition of the need to use the catchment 
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as the ‘planning unit’ is an advance on the total lack of awareness of catchment context shown by 

consultants preparing the previous PTWRSP.  

Structure plan preparation by consultants was subsequently ongoing for the Mapara Valley 

throughout 2007 and early 2008. A stakeholder working group identified as the ‘Strategic Partners 

Forum’ met a number of times and included community representatives from the ‘Mapara Valley 

Preservation Society’ and the ‘Lakes and Waterways Group’, who continued to advocate for an 

LIUDD approach to which they became committed as a result of interaction with the LIUDD 

research team in the 2004 PTWRSP process. These representatives resigned from the forum in late 

2007 as a result of difficulties within the process. The Proposed Mapara Valley Structure Plan 

(PMVSP) process has been assessed to ascertain the degree to which LIUDD lessons from the 

previous PTWRSP process have been influential. Many policies, objectives and rules in the 

PMVSP (TDC, 2007c) focus on the creation of housing clusters, re-vegetation corridors with 

walk/cycleways, protection of existing bush, the use of the catchment as a design unit, and low 

impact approaches to stormwater management. Three 2009 decisions by the Environment Court 

(2009a – c) turned down applications to subdivide land on prominent ridgelines around the Mapara 

Valley and supported the need to confine rural-residential development to strategically selected 

areas. This provides strong support for the PTWRSP and PMVSP outcomes. 

 
6.4 Conclusions 
 
This chapter has reported on three prominent New Zealand LIUDD case studies of catchment based 

structure planning that show how a number of local authorities and developers have used this 

approach, and how public involvement can make a major difference. These cases demonstrate how 

the merging of ICMP, structure planning, and LIUDD, taking into account ecological factors, has 

the potential to optimise terrestrial and aquatic ecosystem health plus biodiversity, recreational 

opportunities, landscape quality and the neutralisation of urban development’s effects upon the 

hydrological regime. There is a commonality of approach that includes the clustering of 

development in the ‘middle lands’ of the catchment, removed from environmentally sensitive areas 

such as steep erosion-prone escarpments, ridges, stream riparian corridors and wetlands. 

Many years are needed to change attitudes and gain acceptance of an alternative approach to 

development. This was noted in the case of the Long Bay structure planning process. Staff and 

elected representative turnover within a council such as TDC, and constant change in consultants 

employed by councils, works against institutional retention of lessons from a process such as that of 

the PTWRSP of 2004 and the degree to which this learning is carried over into subsequent 

processes such as the 2007 structure planning process for the Mapara Valley growth node. As is 
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shown by the Taupo West case, some remaining councillors and longstanding NGO representatives 

are left as ‘torch bearers’ as the community evolves along this stumbling sustainability driven 

pathway. It can take just the loss of key ‘champions’ from the local community to derail such an 

evolution (Taupo, unlike Long Bay, never had such a champion within council staff but had several 

champion councillors and some champions in the NGO community). It would be helpful for Taupo 

to have greater planning guidance and encouragement from EW in the uptake of urban catchment 

design and management, that is, guidance comparable to that provided by the ARC to North Shore 

and Manukau Cities in the design and implementation of the Long Bay and Flat Bush Structure 

Plans.  

Throughout most of the Flat Bush catchment, with the exception of the riparian corridors and some 

of the headwater subcatchments, there has been little or no expectation that the private landowner or 

resident will play any significant role in preventing the generation of stormwater, either in terms of 

volume or contaminant load from residential, commercial or industrial private lots, or from 

communal spaces like streets. The emphasis in Flat Bush is upon a higher density ‘business as 

traditional’ on the bulk of the catchment and a dependence upon substantial off-line stormwater-

pond and riparian open space networks to remedy any problems generated.  

The application of LIUDD, however, is a catalyst for every landowner, business team and resident 

to modify the way in which they develop and manage property, live their lives to reduce the 

generation of stormwater and its contaminant load, and improve biodiversity values in private and 

public spaces. Manukau City, with the support of the ARC, has shown leadership in protecting and 

restoring biodiversity and reducing biophysical degradation in public spaces and ecosystems. MCC 

has limited urban densities in upper sub-catchments vulnerable to erosion by requiring a higher 

level of re-vegetation in riparian areas. However, the next step is needed whereby residents are 

expected to ‘do their bit’. Leadership in this respect is coming from the developers and residents of 

the lower density environments in the Flat Bush headwater sub-catchments. This is particularly true 

for the residential estate of Regis Park, but also from more conventionally constructed estates like 

Tiffany Close where environmentally aware residents have united to improve biodiversity and 

stormwater management conditions on private properties, including the riparian stream bush 

corridor.  

Taupo West shows promise of laying-out the whole catchment in a manner that would generate 

ecologically functional space, including the protection of riparian corridors and ridgelines, as well 

as aiming to generate this space within small local neighbourhoods. The generation or retention of 

ecologically and agriculturally useful space has been occurring at two scales, that of the catchment 
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and the micro-neighbourhood. It is as yet too early in Taupo West to predict what obligations will 

be placed upon private property owners in terms of ecological stewardship.  

The cases discussed in this chapter demonstrate how lessons can and are being transferred within 

New Zealand, but communities and councils need time to adapt to new approaches, and they need 

long-term local ‘champions’, and sound regional strategic plans and policy statements, to provide 

leadership continuity when rapid change is occurring in council staff, elected representatives and 

community composition. Plan making and practices, such as ICM, structure planning and LIUDD, 

need to be merged across professional sectors, statutes and institutional internal divisions, to ensure 

an efficient integrated common process that will take New Zealand forward towards a more 

sustainable condition. LIUDD facilitates this integration away from the ‘silo’ approach. The slow 

uptake of LIUDD can be accelerated, by other councils and communities learning from and 

adapting to local situations, the experiences of cases such as Long Bay, Flat Bush including Regis, 

and Taupo West. 
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PART III  

 

THE ECOLOGICAL EFFICACY OF LIUDD 

 

CHAPTERS 7, 8 and 9 

 

 

 
 

 

Introduction to Part III 

 

During conventional urbanisation, disruption to hydrological, chemical and biological regimes on 

land leads to escalating pollution, and to loss of biodiversity, landscape quality and amenity. This 

thesis has reinforced the need to use urban design in a catchment context to improve both terrestrial 

and aquatic ecological outcomes and to achieve the requirements of the RMA 1991 and the LGA 

2002. The author has made a case (Chapter 3) for the catchment as one of a hierarchy of appropriate 

design units and has developed a catchment based policy and methods framework (Chapter 4) for 

the implementation of LIUDD. This framework provides guidance to councils on what to include in 

policies, objectives and methods, to change many ecologically influential catchment characteristics.  

Photo: Stephen Moore 
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Goals for the maintenance of ‘ecological integrity’ and the ‘intrinsic values of ecosystems’ (RMA 

S.7. (d)) of the LIUDD approach, complements the goal often set in ecological restoration, of 

enabling ecosystems as far as possible to be ‘self-sustaining’, and to minimise the amount of active 

management required. To accurately determine if these goals are being achieved, monitoring and 

assessment criteria need to be set that cover all elements of an ecosystem, terrestrial and aquatic, 

biotic and abiotic. Under the Resource Management Act (1991) significant adverse effects on 

aquatic life (S.107(1)(g)), and related terrestrial habitats need to be quantified and therefore 

monitored. The methods described in this Part (Chapters 7, 8, 9) can be used in rivers, streams and 

riparian corridors for this purpose.  

Aquatic ecosystem degradation or health can be used as a yardstick of the quality of urban design 

and management within a catchment. Within this part of the thesis stream ecosystem health has 

been measured as an indicator of the ecological efficacy of at least partial implementation of 

LIUDD in residential catchments. The qualification of ‘partial’ is used here because there is no 

development currently available for monitoring in New Zealand that has implemented all LIUDD 

methods. The monitoring of stream ecosystems was chosen for its simplicity, because although the 

real concern is with the malfunctioning of all water bodies, including estuaries and harbours, as a 

result of land runoff, the latter are very complex, and it is difficult to determine cause-effect 

relationships and changes to them resulting from changes in catchment urban design. Streams only 

flow in one direction and are therefore easier to monitor than estuaries. Small streams typically 

occur in small headwater sub-catchments in which urban land uses tend to be relatively uniform and 

stream ecosystem response to land cover can be characterised.  

This Part (Chapters 7 – 9) will be used to report on comparative catchment studies. ‘Stream 

ecological health’ will, within these studies, be related to the ‘combination of sub-catchment 

characteristics’ many of which could be modified by urban design and management. It is not 

however the author’s intention to undertake a detailed analysis of cause and effect relationships 

between paired characteristics. The intention is to use holistic measures of stream health as a 

reflection of the cumulative benefits of LIUDD methods (Chapter 4 Table 4.1) implemented 

simultaneously within a catchment. The reason for this is that: stream ecosystem condition is a 

response to a diverse array of catchment characteristics that cumulatively and synergistically give 

rise to habitats created. These characteristics include among other factors: catchment slope and soil 

type; soil compaction; land cover; land use; infrastructure design, management and maintenance; 

degree of recent disturbance; riparian terrestrial vegetation; habitat quality; water chemistry; stream 

substrate type; geographical distribution of species; stormwater discharge; and hydrological regime. 

Sub-surface soil type is one of the few characteristics in the above list that is difficult to change 



 

  159 

during urban development. Some characteristics such as water quality, hydrology, and habitat 

quality can be further broken down. Water quality includes dissolved oxygen and contaminant 

levels which impact stream biotic health, suspended sediment, which relates both to issues of 

riparian vegetation and erosion within a catchment, and to flow regime which will be affected by 

wider hydrological cycles. Habitat quality and structural complexity relates to both the physical and 

biological context. These comparative catchment studies include a survey of riparian forest density, 

maturity, species dominance, and plant succession in each sub-catchment, as such forest has been 

shown to be an essential ingredient for in-stream ecological health (Collier et al., 1995; Horner and 

May, 1999), at the same time as contributing to terrestrial ecological connectivity and sustainability.  

Only a few of the above criteria have been measured as part of this thesis.  Some others were 

measured in other parts of the LIUDD research programme to which this PhD contributed. The 

following section reviews research in the United States and New Zealand that relates stream 

ecosystem health to single catchment characteristics such as impervious surface areas.  

Aquatic macroinvertebrate animals including insects, crustaceans, snails and worms on the bed of 

rivers play a key role in the structure and function of river ecosystems. They eat algae and leaf 

matter and are in turn eaten by fish and birds. Their role in the ecosystem, along with their varying 

habitat requirements and pollution tolerances, make them good indicators of the life supporting 

capacity of aquatic ecosystems (MfE, 1999). Other characteristics of macroinvertebrates that make 

them good indicators include the fact that they are almost sedentary, and they are long-lived (MfE, 

1999), thereby enabling spatial and temporal comparisons between sites. 

In the process of carrying out the comparative catchment studies reported in Chapters 7 to 9 some 

reference has been made to single species indicators of ecological health, be they in-stream insect 

juveniles such as Ephemeroptera, or trees in the riparian forest.  The New Zealand context for the 

use of such indicators is the Ministry for the Environment’s nationwide programme of 

environmental indicators (MfE, 2008a), developed over the past decade. 

 In the late 1990s, the Ministry for the Environment deplored the limited number of regional 

councils using macroinvertebrate monitoring in the setting of objectives and policies in plans (MfE, 

1999). Macroinvertebrate monitoring was considered a necessary addition to chemical water quality 

monitoring as the latter provided an incomplete understanding. Otago Regional Council linked 

policy to an increase in macroinvertebrate health in listed waterways (Otago Regional Council, 

1996). The thesis demonstrates this link by establishing principles for policy making and methods 

in Chapter 4, and the linking of these, in Chapters 7 to 9, to macroinvertebrate health in case study 

sub-catchments implementing these methods. 
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As stream ecology and in particular macroinvertebrate community composition responds to changes 

in such a wide range of environmental catchment characteristics, standardised sampling protocols, 

including timing and analysis, are necessary if comparisons of catchments are to be successfully 

made. Some of these characteristics can be standardised in comparative catchment studies by 

sampling within the same season, in close time proximity, and by choosing proximal catchments 

with similar biophysical characteristics.  

Datasets on aquatic species occurrence and condition can become very complex and difficult to 

interpret especially for resource managers who are not ecologists. For this reason, methodologies, 

formulae and indices have been developed that enable the summarising of appropriate data into 

single measures of biotic integrity that can be compared across different waterways of similar type 

as those surveyed using a standard methodology. Biotic indices are based on information about 

complete assemblages of macroinvertebrate organisms, and are designed to simplify a mix of 

complex community data (MfE, 1999).  

Biotic integrity is key to the protection of the intrinsic value of ecosystems, and to natural character, 

both of which are required to be maintained under the Resource Management Act, 1991 sections 

7(g) and 6(a) respectively. These RMA requirements have parallels with clauses in the European 

Union Water Framework Directive, whereby only a slight departure from the biological community 

is permitted. This would be expected in conditions of minimal anthropogenic impact (EU, 2004). 

RMA requirements also have similarities to the US Federal Clean Water Act’s stipulation to protect 

the biological integrity of US internal waterways. Achievement of high biotic integrity necessitates 

identification of what organisms and communities are to be sustained, and how their requirements 

relate to catchment conditions and development (Horner et al., 2002).  

In North America, the need to protect the breeding habitat of valued and sensitive salmon species 

has been the impetus for this type of research throughout British Columbia, Washington and 

Oregon. As some salmon species (e.g. Coho) are very sensitive (and therefore useful indicators) 

conservation of their required habitat conditions provides substantial protection to many other 

species and whole ecosystems.  

The integrity of stream ecosystems is diminished by human disturbance. Minimal recreational use 

of a forested catchment in the United States northwest resulted in up to a 30 percent decline in 

Benthic Integrated Biotic Index (B-IBI), with the loss of sensitive mayfly, caddis-fly and stone-fly 

species (Karr and Chu, 1999). Also research in Washington streams (USA) showed that the B-IBI 

fell by half after only 5 percent of the catchment was converted to impervious surfaces (Horner and 

May, 1999).  
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Similar New Zealand research shows a loss of half of indicative species, with 15% of the catchment 

impervious. This implies that in order to retain a functional aquatic ecosystem with normal species 

diversity, the area of effective impervious surfaces should be kept as low as possible, and it should 

preferably not exceed 15% of the catchment. However this correlation between impervious area and 

macroinvertebrate health should not imply that impervious area is the only determinant of health. 

Healthy catchments following urbanisation would be those with indices of aquatic biotic integrity 

comparable to those within forested catchments where diverse catchment characteristics are 

influential (van Roon and Moore, 2004). Within the LIUDD principles and methods in Chapter 4 

Table 4.1 criteria for limiting impervious areas were applied along with diverse other criteria 

limiting other catchment characteristics. Then in Chapter 9, biotic indices are used as a measure of 

aquatic ecosystem health in case study comparative sub-catchments where diverse methods of 

LIUDD have been implemented.  

Internationally, the stormwater-management profession has responded to research, undertaken in 

the northwest states of North America, which has moved the focus from the waterway itself to the 

whole catchment. Prior to the late 1990s attempts were made to reduce adverse changes in 

catchment hydrology (causing flooding, stream and estuary damage), water quality and aquatic 

ecology, by the installation of instream lower catchment Best Management Practices (BMPs) of 

diverse design, such as stormwater ponds, artificial wetlands, and filters made of various media and 

design. In the late 1990s Horner and May (1999) and Maxted and Shaver (1997) focused on 

quantifying improvements in ecological integrity as a result of the use of these BMPs, and indicated 

that aquatic ecosystems remained severely impacted (as measured by Biotic Indices). Improvement 

resulting from these BMPs was neither dramatic nor easy to determine, but riparian re-vegetation 

provided some mitigation. 

This did not, however, mean that stormwater management using BMPs of the time should be 

abandoned, as it was seen to create substantial improvement in river and estuarine water quality, 

and partial mitigation of changes in hydrological regime resulting from urbanisation. However, 

changes to the way the whole catchment land-surface functions hydrologically needed also to be 

initiated. The strongest influence on catchment water cycle functionality was understood to be the 

replacement of grassland or, more importantly, forest cover, by extensive impervious surface areas 

linked to efficient drainage channels.  The at-source minimisation of stormwater generation 

throughout all catchment surfaces became understood to be necessary for the protection of the 

ecological health of receiving waters. Stormwater management devices therefore had to be 

designed, constructed and installed close to where rainwater fell. These devices use physical, 
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chemical and biological processes to achieve water quality improvement, detention and as 

appropriate, infiltration of stormwater. 

Horner and May (1999), and Allibone (2001) have generated new knowledge that has been a 

foundation and justification for policy change in the ‘low impact’ field of practice, including the 

framework of Chapter 4.  It is not the intention of this study to replicate that work but rather, as said 

above, to attempt to measure the cumulative catchment-scale benefit of a changed approach to 

urban form.  This urban form influences water quality, the nature of stream sediments, the 

frequency and severity of flooding, the extent of low flows, and the degree of shading and leaf-fall 

to streams, all of which have effects upon species presence and their abundance in streams. 

Although in this investigation individual parameters of stream health will not be analysed in any 

detail against individual catchment characteristics, those characteristics have been documented and 

mapped, in Chapter 7, in order to convey to the reader the essential contributory differences 

between the comparative sub-catchments.  
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CHAPTER 7 
 

SELECTION AND CHARACTERISATION OF SUB-CATCHMENTS FOR 

COMPARATIVE CATCHMENT STUDIES 
 

7.1 Introduction 
 
This chapter provides the justification for the characterisation of the sub-catchments chosen for the 

comparative sub-catchment studies. LIUDD implementation in New Zealand was occurring during 

the thesis research period in both countryside-living and residential developments. As outlined in 

the introduction to Part 3, comparative sub-catchment studies were established in each of these 

environments. Chapter 7 is descriptive rather than analytical. The characterisation of urban form 

becomes the basis for identifying causal relationships and explaining the determinants of ecological 

outcomes in Chapters 8, 9 and 10.4. 

 
7.2 Methods 
 
Criteria that were used for the selection of the sub-catchments were:  

• Sub-catchment clusters were required where the control sub-catchment contained the 

conventional development, and the treatment sub-catchments contained LIUDD. 

• For each cluster, the objective was to find sub-catchments that were as similar to one 

another as possible in other biophysical characteristics, so that differences in these other 

characteristics would be unlikely to be the determinants of differences in ecological health. 

• The development form for each of the control sub-catchments needed to be ‘typical’ of 

conventional past practice in residential or countryside-living design. 

• The development form for the treatment sub-catchments needed to exhibit as many 

LIUDD features as possible.  

• Small sub-catchments of ‘first order’1 streams were considered desirable, as they tended to 

have the most uniform land use. This reduced the complexity in the sub-catchment urban 

form, and simplified the cause-effect relationship that this study aimed to reveal.  
 

The search for suitable paired sites in 2003 was fraught with difficulties. As New Zealand was in 

the early stages of LIUDD implementation there were very few developments at that stage, that had, 

advanced beyond the design into the construction phase. Where construction had commenced in 

                                                
1 First order streams are catchment headwater streams (Shaver, 2000) 
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most cases it was ongoing, and sub-catchment condition was transitory and unstable. For this 

reason, a search in 2003 of North Island developments, with at least partial LIUDD implementation 

already constructed, produced no suitable sub-catchments for monitoring. It was therefore necessary 

to focus on sites where construction was underway. Time constraints on the duration of field 

research meant that the construction needed to be completed before the monitoring was due for 

completion. However, construction schedules do not always proceed to plan, delays being common 

for varying reasons related to finances, management, climate, or problems in obtaining resource 

consents. Unforeseen construction delays occurred in one treatment sub-catchment, so an additional 

sub-catchment had to be added in the later years of monitoring. This is discussed further in Chapter 

9. 

In 2003 none of the existing developments that included the installation of at-source control 

stormwater devices, such as swales, raingardens and biofiltration systems (one of the distinguishing 

features of LIUDD), also exhibited the desirable LIUDD features of urban form, as described in the 

LIUDD Principles in Chapter 4. These features include: 

• A substantial proportion of the development by area set aside for forest protection or re-

establishment (preferably in the stream riparian corridor); 

• Increased densities of housing to compensate for the increased open space; 

• Reduced building footprints and paved areas to reduce impervious surfaces. 

As a compromise, the author chose to focus on the sub-catchments in the headwaters of the Otara 

Stream catchment in Manukau City (Figure 7.1). This is the site of the Flat Bush development, 

which was described in the previous chapter (Section 6.3). The Redoubt Road ridgeline surrounds 

the south, east and north sides of Flat Bush catchment, which drains to the west into the Tamaki 

Estuary. A series of small sub-catchments form two clusters differentiated by the density of 

residential development. Those that fringe this ridgeline from south to north east, occupy a 

‘Countryside Transition Zone’ (low-density residential), and those that fringe the northern ridgeline 

occupy Residential 1 and 2 zones. These zones form part of Variation 13 to the Manukau District 

Plan (MCC, 2004). ‘Countryside transition’ is a term used in the Manukau City District Plan (MCC, 

2002b) to describe areas undergoing transition from rural to low-density residential. 

Sub-catchment boundaries were determined using a combination of watershed analysis in Arc 

Hydro and manual analysis of 0.5m LIDAR contours supplied by Manukau City Council. 
Shapefiles representing areas of trees with trunks greater than 2.5cm diameter breast height (dbh) in 

each catchment were created manually. Grassed areas and areas of trees estimated to have trunks 
smaller than 2.5cm dbh were not included. This therefore excludes extensive areas in Regis and 



 165 

Tiffany sub-catchments where trees have been planted over the last five years. Shapefiles were 
created using ESRI ArcMap and 2007/8 aerial orthophotos supplied by Manukau City Council, and 

tree cover was captured at a 1:350 resolution except for Whitford which was captured at 1:1250 

resolution using a lower resolution rural aerial orthophoto. 

The areas of each sub-catchment and the impervious surfaces and tree cover within it were 

calculated in ESRI Arc Map. From this the percent impervious cover and percent tree cover was 
calculated. In addition an estimate was made of the expected total impervious area in each sub-

catchment when all subdivided lots have houses on them. This percentage was calculated by 

assuming that all existing vacant lots would eventually have 40 – 50 percent impervious cover. 
Riparian forest corridor widths for each sub-catchment corridor were measured from 2007/8 aerial 

photographs using ESRI ArcMap GIS software. Forest width perpendicular to the stream was 
measured on both sides at each of the 10 sampling points established for vegetation sampling. Mean 

corridor width was then calculated. 
 

 

Figure 7.1:  This image of the Flat Bush area shows the location of the sub-catchments 
(except Whitford), used for the comparative catchment studies. Source of base image: 
Google Earth, 2006   

 

 

 
  N 
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7.3 Sub-catchment characterisation  
 

The countryside living and residential clusters of sub-catchments are now described in turn.  

7.3.1 Countryside living comparative sub-catchments   

These developments typically have a lot size of 5000 m2  (MCC, 2002b), and they generally 

decrease in age of construction from south to northeast (Figure 7.2), although some infill has in 

places disrupted the pattern. From these developments the author identified three suitable sites for 

the comparative monitoring of countryside living development forms. A fourth rural sub-catchment 

in an adjacent northeast catchment was also selected for comparison. These four sites are described 

in further detail below. The sites were selected because of the characteristics that they have in 

common, including slopes, temperate climate, stream-type (first order, perennial except in drought 

conditions). For all but the rural control sub-catchment, lot density was identical when averaged 

over the whole of each development site. The three countryside-living sites were also selected for 

their different LIUDD-relevant characteristics such as: the location and clustering of houses and 

associated paved surfaces; the presence or absence of piped stormwater; and the coverage and 

quality of indigenous habitat. 

 
The sites chosen were:  

• Redoubt - a conventional countryside living residential development in one sub-catchment;  

Figure 7.2:  
Date and type of 
development along the 
Redoubt Road 
ridgeline of Flat Bush 
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• Regis Park - a LIUDD development with four sub-catchments and some additional land; 

• Whitford - a pastoral farm sub-catchment re-vegetated nearly 10 years ago by the same 

landscape designer, using similar techniques and plant species to those in Regis Park;  

• Tiffany - an existing countryside living neighbourhood sub-catchment where restoration of 

ecosystems by the residents is, in effect, a retrofit of LIUDD.  

For each sub-catchment some statistics, on area, land cover, and riparian corridor width covered in 

trees, are presented in Table 7.1. These four countryside living sites, and their sub-catchments, have 

variable proportions in total impervious surface areas and tree cover, depending upon land use 

layout. The degree of ‘effectiveness’2 of impervious surfaces is also commented on in the table, as 

it influences hydrology, and the contaminant-transport efficiency of these surfaces. In the following 

sections these four countryside living sites are described in turn.  

Control sub-catchment conventional development- Redoubt: This control sub-catchment (Figures 

7.3 and 7.4), of approximately 64 hectares in area, has a traditional countryside living, (sometimes 

termed rural residential), lot-layout, road form and driveway pattern. Redoubt Road, which can be 

seen crossing the site in Figure 7.3 is bitumen sealed, and drains via a traditional curb and channel 

stormwater system. The stormwater piped network, and stormwater discharge points to the stream 

are shown in Figure 7.4. 

Houses and lots are spaced across the site in such a way that almost all of the site is part of a private 

garden lot, most of which is covered in mown grass, concrete driveway or traditional gardens 

containing exotic flowering plants and shrubs. The exception to this has been the planting by two 

landowners, over the past 5 years, of young indigenous trees and shrubs near the banks of the lower 

stream, and some shrub vegetation near the headwater ridgeline to the south. These together make 

up most of the vegetation included in the 11 

percent tree cover (Table 7.1). The sub-

catchment includes no mature forest, although 

patchy ridgeline vegetation is visible in the top 

of Figure 7.3. One additional house has been 

added to the site, in the upper stream 

alignment, since the taking of the photograph 

(Figure 7.3) and of the base aerial of Figure 

7.4 (2008). Impervious surface cover, at  

                                                
2 Effective impervious surface areas have an unbroken connection for stormwater, via pipes or channels, to 
natural receiving waters such as streams. 

 Figure 7.3: Redoubt Road sub-catchment viewed 

from east to west. Photo: M. van Roon. 
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around 16 percent of the sub-catchment, is similar both to that of the Tiffany sub-catchment at 

present, and to that predicted for the Regis development as a whole, when construction is 

completed.  

Treatment sub-catchment (group of 4) LIUDD - Regis: Regis Park is a 38-hectare countryside 

living development located at the junction of Regis Lane and Redoubt Road. The characteristics of 

the site are shown in Figure 7.7. The previously pastoral site (Figure 7.5) is one of the steepest on 

the Redoubt Road, and has clearly defined ridges. Regis Park is an outstanding example of a 
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Redoubt 1,772,609 /  

5,904,351 

6.49 11.29 7.21 2.4 4.82 15.66 16 -17 Mostly 
effective 

Regis North 1,772,890 /  

5,906,453 

4.78 7.67 14.29 7.18 7.10 3.65  

Regis West 1,772,678 /  

5,906,348 

4.02 9.98 16.82 8.50 8.32 5.98  

Regis South 1,773,098 /  

5,906,070 

4.91 6.58 0.00 0.00 0.00 2.02  

Regis South 
East 

1,773,251 /  

5,906,030 

3.52 8.44 0.00 0.00 0.00 0.0  

Regis 
combined sub-
catchments 

 17.24 8.05 7.65 3.86  2.98  

Regis Park 
development 
site -total 

 38.34     6.37 17 - 19 

Not 
effective, 
dispersed to 
forest and 
wetlands 

Whitford 1,776,220 /  

5,907,173 

3.45 65.85 67.10 37.92 29.19 2.09  Not effective 

Tiffany 1,771,329 /  

5,904,119 

24.53 28.62 73.99 32.50 41.49 16.30  Partially 
effective 

 

Table 7.1: Characteristics of comparative countryside living sub-catchments in 2009. P.O.I is the 
point of reference at the discharge point for the sub-catchment. Map references define these points. 
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catchment-based LIUDD design and development. This does not mean that all features of its design 

and construction comply with ‘low impact’ principles and methods, but rather that it will exhibit 

many of these features when construction is complete and the re-vegetation is mature. This may 

take a decade.  

The concept and Resource Consent Application developed by DJScott Associates Ltd. (2003) 

included the Concept Plan shown in Figure 7.6. The development was a Restricted Discretionary 

Activity under Variation 13 of the Manukau District Plan (MCC, 2002b), which meant that resource 

consent was required in respect of specified matters. The design provided for earthworks and 

vegetation clearance to be avoided 

or minimised in the steepest and 

riparian-stream environments. 

However, during earthwork 

operations on the site (Figure 7.8), 

when the developer subcontracted-

out the re-contouring of the site, 

not all consented requirements of 

the Auckland Regional Council 

were complied with (Hancock, 

2005). As a consequence, during an 

autumn storm, an environmentally 

damaging volume of fine sediment 

was lost from the site to 

downstream reaches. This is typical 

of the difficulties experienced by 

LIUDD developers at this time, 

when subcontractors are 

insufficiently trained and 

experienced in implementing 

LIUDD practices during 

construction. 

An average lot size over the site of 

5000 m2 has been allowed for with 

a minimum lot size of 2000 m2. 

This is exclusive of land within the  

Figure 7.5: Regis Park prior to redevelopment showing the 
ridgelines and drainage patterns. Source: DJScott Associates 
Ltd. (2003) with permission. 

 

 

Figure 7.6:  Subdivision Concept Plan for Regis Park 
Source: DJScott Associates Ltd (2003) with permission. 
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Conservation / Stormwater Management 

Policy Area (DJScott Associates Ltd, 2004). 

The 66 houses, some still under construction 

at the time of writing, are predominantly two 

storeys and clustered away from waterways. 

New Zealand houses have traditionally been 

mainly one storey, and the move to a second 

level has the potential to reduce the 

impervious surface footprint as is necessary 

to achieve LIUDD objectives. In addition, 

the smaller house lots (2000 m2), in Regis 

Park, compared with lots (5000 m2) in the 

control sub-catchment of Redoubt, results in houses being constructed closer to the road, thereby 

reducing driveway length from road to garage. This, along with street design, further reduces the 

impervious surface area percentage cover, which for the entire development in 2009, was half that 

in the Redoubt sub-catchment. It is expected to double by the time all houses are constructed (see 

Table 7.1). The street network is hierarchical in terms of width. All streets except for the main entry 

road, are very narrow, and do not provide for on-street parking in addition to two-way access. Some 

accessways to small clusters of houses are just one lane wide. This street pattern is consistent with 

LIUDD principles and methods. 

Sixty percent of the site has been re-

vegetated (Figure 7.9) with almost 120,000 

indigenous forest and wetland plants in 

communally owned and protected lands 

(Bruce, pers.comm., 2006). The species 

planted are listed in Appendix 8.1. This re-

vegetation is not evident in the tree cover 

statistics of Table 7.1 as the new trees are 

below the size class recorded.  

A reticulated water supply from Manukau 

City has been provided. Stormwater and 

wastewater are both treated on-site. 

Wastewater from each house drains to a 

Figure 7.9: Regis Park- small sticks visible in the 
foreground mark indigenous tree seedlings planted in 
2006. Photo: R. Bruce  

Figure 7.8: Regis Park earthworks 2004. View from 
Shepherds Lane. Photo: M. van Roon 
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septic tank for pretreatment on each lot. Pretreatment tanks are networked to a communal 

wastewater plant sited in the Regis west sub-catchment (Figure 7.5). Effluent from this sewage 

treatment plant is to be disposed of onsite by dispersal in the adjacent re-vegetated riparian gully. 

Stormwater will not be irrigated on the same forest area as sewage effluent. All houses are fitted 

with water-saving fixtures to minimise water use, and in particular, wastewater generation. 

Stormwater from each private lot will drain to a rain garden in the back yard, and any overflows 

from these raingardens plus runoff from the narrow streets is to be dispersed among the large areas 

of indigenous re-vegetation in all gullies. The stormwater dispersal network in the gullies was 

installed, along with the completion of the roading network. Raingardens will be constructed after 

completion of the current house construction. This is necessary to avoid the infilling of the 

raingardens with sediment runoff from the excavation of house sites. Regis Park (Figure 7.10) is 

one of the few sub-catchments of Flat Bush where substantial progress has been made in the 

establishment of an infrastructure for the avoidance and evapo-transpiration of stormwater, using an 

array of ‘low impact’ techniques in the private realm. This private realm includes both individual 

private lots and communal open space within the development.  

Four separate Regis sub-catchments (Figure 7.7) were delineated for stream monitoring. These sub-

catchments vary in detailed layout. They have varying amounts of residential development relative 

to re-vegetation, and the western sub-catchment includes the sewage treatment plant and the sewage 

effluent irrigation field. Some future comparison could be made between catchments, as well as 

relative to other control sites. Furthermore, extensive urban earthworks and construction were 

carried out immediately downstream of the southern and southeastern Regis sub-catchments in 

2008. This adjacent development, which due to its downstream location does not impact upon Regis 

Park monitoring, may provide a future opportunity for an upstream versus downstream comparison 

of the effects of differing degrees of LIUDD uptake.  

 

Figure 7.10: Regis Park 2008 shows the growth of native trees planted in 2004. Photo: M. van Roon  
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 Control sub-catchment - rural re-vegetation – Whitford: A partially re-vegetated pastoral sub-

catchment (Figure 7.11 and 7.12), of an adjacent Whitford catchment, was chosen as a second 

control comparison for Regis Park. Size (3.5 hectares), slopes, soils, stream flow rates, and the 

presence of valley wetlands in the sub-catchments of both locations, are similar. There are steep 

erosion prone slopes and gullies in both sub-catchments. Approximately 66 percent of the Whitford 

sub-catchment is covered in either replanted indigenous trees and wetland plants, or exotic trees. 

The indigenous planting (Figure 7.13), which occurred in the late 1990s, was carried out by DJScott 

Associates, the landscape design company that also designed and re-vegetated Regis Park. On both 

the Regis and Whitford sites some existing mature trees already existed in the gullies, and these 

were inter-planted and under-planted with natives. The concept and techniques used in re-
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vegetating the two sites was very similar. On this 

basis, it was concluded that the monitoring of the 

Whitford site could provide some information on 

the probable ecological condition of the Regis 

Park sub-catchment riparian corridors and streams 

by approximately the year 2013, when the Regis 

trees will reach the same maturity. The tree-

covered riparian corridor at Whitford is on 

average 67 metres wide, with a good balance 

either side of the stream (Table 7.1). This is 10 

times the width of the Redoubt corridor, and 

comparable to that of the Tiffany sub-catchment. 

Differences in land use peripheral to the riparian 

gullies on the Whitford versus Regis sub-

catchments may, however, confuse conclusions 

that could be reached. The Whitford sub-

catchment has steep grazed pasture, sometimes 

pugged by cattle footprints in winter. This pasture 

lies on the upper slopes in the lower half of the 

sub-catchment. The Whitford sub-catchment also has two cattle races (walking tracks) across it, 

perpendicular to the stream. These are heavily impacted by footprints in winter, which would likely 

lead to the loss of fine clay sediment particles to the lower stream and wetland. By contrast, the 

Regis sub-catchments have had new houses under construction during the final year (2008-09) of 

monitoring for this research. This construction, like the cattle, also disturbs surface sediments that 

may be washed into the stream system. During most of 2006, cattle were fenced out of the Whitford 

sub-catchment riparian forest, wetland and stream. However, by December 2006 the fence from the 

adjacent paddock in the lower stream area had been removed, and cattle had been present within the 

previously protected area. The changes in stream ecology that coincided with this action are 

discussed in Chapter 9. The fence was restored at an unknown date in 2007. 

Treatment sub-catchment - existing countryside living, under enhancement towards LIUDD – 

Tiffany: The last of the four sites to be compared in the countryside transition zone is that in the 

vicinity of Tiffany Close. The Tiffany sub-catchment is 24.5 hectares in area and lies on a west to 

east orientation (Figure 7.14) in the southern headwaters of the Flat Bush catchment. Ten older 

houses fringe the southern ridgeline of the sub-catchment, which is along Redoubt Road.  

 
Figure 7.12: Whitford stream and valley prior 

to re-vegetation. Source: adapted from DJScott 

Associates Ltd. 2004. 

 

 
Figure 7.13: Re-vegetation of Whitford site. 

Source: DJScott Associates Ltd. 
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The sub-catchment below this ridgeline contains up to 20 recently built large houses on properties 

of a minimum of 5000 m2. Total impervious surface area occupies around 16 percent of the sub-

catchment area (Table 7.1), this being a similar proportion to that of the Redoubt sub-catchment. In 

properties near the stream, houses have been built on the upper gentler slopes of each lot, leaving 

the lower generally steeper parts of each lot for stream and riparian forest conservation. The 

consequence of this pattern of layout has been to create a lower-catchment land-cover pattern with 

some similarities to the designed layout of Regis Park. Water quality in the stream has been 

impacted, by stormwater runoff that until recently was managed in a conventional manner. At 74 

metres across (Table 7.1), the riparian bush corridor is the widest of the corridors in all the 

countryside living sub-catchments of this study, and is reasonably equally distributed each side of 

the stream. 

Governance and management structures on the Tiffany and Regis sites are totally different. At 

Tiffany, as explained below, conservation is managed co-operatively across lots that are privately 

owned and extend into the forest/stream corridor. There is no legal mandate for conservation, apart 

from the requirements of Variation 13 of the Manukau District Plan. By contrast at Regis, legal and 

contractual arrangements, including an Incorporated Society of residents (Dixon and van Roon, 

2006) ensures that conservation and maintenance on commonly-owned open space and facilities is 

carried out.  

The Tiffany Bush Care Group was established in 2000 by the co-operation of five households. By 

2007, membership of the group had grown to 22 households, who jointly take care of the bush 

(Figures 7.15 - 7.16) in the stream corridor. The group members replant the under-storey with 

appropriate native seedlings, ensure that no unnecessary tree removal occurs, remove forest animal 

pests and weeds, and co-operate on alternative stormwater management practices on private 

Figure 7.15: Tiffany Bush Stream Riparian 
Corridor viewed from accessway at western end 
of the sub-catchment. Photo: M. van Roon 

 

Figure 7.16: View of Tiffany Bush Corridor from 
Tiffany Close looking down sub-catchment.  
Photo: M. van Roon 
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properties. The group meets regularly to plan future work, and to gather advice from outside 

professionals. The author has attended some of these meetings to explain the monitoring undertaken

as part of this research. Discussions, attended by the author, have also been held between the 

group, and both the Manukau City Council and the Auckland Regional Council, on the 

feasibility and funding of ‘low impact’ stormwater devices, such as raingardens. 

The environmental achievements of the group were summed up by Scott as follows:  

The Tiffany Bush Care Group has been successful in restoring remnant bush, and 

transforming formerly weed-covered slopes to regenerating native bush. A strong under-

storey is now evident under stands of large native trees, where previously weeds were 

dominant. Some properties that were previously covered in weeds are now cleared. 

Working collectively has reduced weed seed sources. In a few instances, residents have 

not carried out the necessary follow-up weed and plant maintenance once contractors 

and volunteers have started to restore an area, suggesting that a management plan 

might need to be developed before restoration on new properties (Scott, 2007:38). 

The group has not undertaken monitoring of biodiversity but has noted the presence of the 

following: kereru, grey warbler, kingfisher, kaka, tui and fantail; a strong weta population; koura in 

the stream; and 78 tree, plant and grass species (Scott, 2007). Most properties at Tiffany have very 

few grazing animals, and thus it has been necessary to raise funds to build fences along forest 

margins on only a few properties. In discussing the economic challenges for such a group, Scott 

(2007) observed that a minimum of six square metres of uninterrupted bush canopy is required to be 

eligible for a rates rebate from Manukau City Council, and only one property in Tiffany met this 

criterion in 2007.  

7.3.2 Residential Comparative Sub-catchments 

The comparative residential sub-catchments lie to the south and to the north of the northern 

ridgeline of the Flat Bush catchment. In Figure 7.2 the control sub-catchment of Point View is 

shown as developed in 1995, and the Jeffs developments, further south, are shown as under 

construction in 2008/9. Point View development was chosen as typifying conventional residential 

development. Three sub-catchments in the Jeffs group were investigated as alternative development 

sub-catchments. Table 7.2 shows some characteristics of the residential comparative sub-

catchments. Two values are reported for the total impervious surface area for each sub-catchment, 

that is, the 2009 measured area, and an estimate of the anticipated area when houses have been 
constructed on all vacant lots. The degree of  ‘effectiveness’ of these surfaces is also commented on 
in Table 7.2. Sub-catchments have variable proportions in total impervious surface areas and tree 

cover, depending upon the urban form, and the proportion of each sub-catchment within which 
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construction has been completed. The residential sub-catchments are described in turn in the 

sections that follow. 

Control sub-catchment conventional development - Point View: The Point View sub-catchment 

(Figures 7.17 – 7.18) that discharges beneath Smales Road at its junction with Shrule Place was 

chosen by the author as a control for comparison with residential areas in Flat Bush that exhibit 

partial uptake of LIUDD. This sub-catchment was selected for the following reasons. The lot size 

and the residential densities in the neighbourhoods, were equivalent to that in the treatment sub-

catchments. The sub-catchment is within the Main Residential Zone of the District Plan and 

development must not exceed one residential unit per 400 m2 of land  (MCC, 2002b). Subdivision 

layout is conventional.  

Apart from a small grassed recreational reserve, all of the sub-catchment is covered by either streets 

or residential lots of similar size. Streets are hard paved, and have curbs and concrete footpaths on 

both sides, with narrow curbside grass strips including wide-spaced young ornamental trees. The 

layout on individual lots is consistent and predictable. Houses are mostly single storey, typically 

with tiled roofs and gutters. Driveways are paved. Most of each private garden is in mown grass,  
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Jeffs 
Norwood 
Upper 

1,771,950 /  
5,907,852 

14.48 20.39 89.36 41.61 47.75 19.26 40.96 Receives no 
stormwater from urban 
surfaces as diverted to 
downstream offline 
pond and wetland. 

Jeffs 
Norwood 
Lower/ 
combine 

1,771,589 / 
5,907,369 

89.18 11.21 78.74 49.81 28.93 26.69 41.32 Indirect: receives 
offline pond and 
wetland overflow. 

Jeffs 
Sullivans 

1,771,957 / 
5,907,032 

33.97 21.83 69.70 40.94 28.76 5.32 13.32 Indirect. Via offline 
pond and wetland. 

Point 
View 

1,769,709 /  
5,909,908 

38.82 3.80 0.00 0.00 0.00 59.43 59.43 All effective – fully 
channelled and piped 

 

Table 7.2: Characteristics of comparative residential sub-catchments in 2009. P.O.I is the point of 

reference at the discharge point for the sub-catchment. Map references define these points.   
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with some ornamental gardens planted in exotic flowering plants.  

Almost 60 percent of the sub-catchment is in impervious surfaces. Stormwater collection 

systems are conventional, with no stormwater ponds, biofiltration systems, swales or 

raingardens. Stormwater from each house roof and driveway is piped to the street. Streets are 

fitted with gulley-trap drains, and stormwater from all sources is delivered to a stormwater  
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pipe network that is self-contained within the sub-catchment, and discharges from the sub-

catchment at one point (Figure 7.17). The point of discharge for stormwater is accessible, 

which enabled stream ecological and water quality sampling to be carried out. 
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The statistics in Table 7.2 show that, by comparison with the Jeffs sub-catchments, the Point 

View sub-catchment has the highest proportion of impervious surfaces (60 percent), the least 

tree cover (four percent), no riparian corridor, and completely discharges its stormwater in an 

untreated state. Soils that are slightly better drained, and relatively flat slopes, are 

characteristics that differ from those of the treatment sub-catchments. Nevertheless, the 

meeting of the criteria discussed earlier was considered by the author to be critical and no 

control sub-catchment is ideal. The importance of soil type to stream water quality may be 

less critical in a sub-catchment that has a high impervious surface area and totally piped 

stormwater systems. There is limited opportunity for a change of stormwater chemistry as a 

result of very little contact with soil. At all times, except under storm conditions, the bulk of 

the water in the stormwater pipe sampled, has travelled only from or over these impervious 

surfaces. 

Treatment sub-catchments LIUDD: The 

headwater tributaries of the Otara Stream form a 

perpendicular intersection with Murphy’s Road. 

Immediately upstream of this point two 

tributaries diverge, one (named for this thesis as 

Jeffs Norwood), flows in a north easterly 

direction alongside Norwood Drive. The other 

tributary, from its point of diversion at 

Murphy’s Road, flows in an easterly direction 

parallel with Ormiston Road, and branches 

halfway up the sub-catchment. It is at this 

midway point that the second treatment stream 

discharges (Jeffs Sullivans). Zoning for the Jeffs 

sub-catchments within the Manukau District 

Plan including Variation 13 (MCC, 2004; MCC, 

2002b) is shown on Figure 7.19. 

Jeffs Sullivans sub-catchment: Ormiston Road 

marks the southern and eastern ridgelines of the 

Jeffs Sullivans sub-catchment, characteristics of 

which are shown in Figures 7.20 – 7.21. Slopes  



 183 



 184 

are moderate, and soils are similar to 

those of the adjacent Jeffs Lower 

Norwood and Regis sub-catchments. 

When fieldwork first began, land-cover 

consisted of a mature forest corridor 

along the stream path, surrounded by 

pasture grasses and horse grazing. In this 

sub-catchment at this time, the author anticipated a rapid transition to urban use in all but the 

riparian forest corridor, which is protected from development under Variation 13 of the District 

Plan (MCC, 2004). This area of forest is further described in Section 8.4. 

Development had, by 2009, occurred only on the northern side of the sub-catchment. By 2007, 

some streets on this side were completed, and houses had been constructed. Other parts of this side 

of the sub-catchment were still undergoing earthworks in 2008. As is required by resource consent 

conditions, such earthworks are carried out with many accompanying techniques for erosion and 

sediment control, including the use of silt fences and sediment detention ponds. These ponds have 

been constructed in the down-slope area adjacent to the stream bush corridor. Overflows of 

decanted water from these ponds are piped onto the upper slopes of the stream riparian zone. The 

author observed damage to the seedlings, and forest litter instability, caused by the impact of water 

flowing across these slopes. During one vegetation-sampling occasion, the author noted the 

intentional pumping of sediment-pond contents by a contractor into the stream, and reported this to 

the Regional Council. The balance of land-cover in 2009, in the Jeffs Sullivans sub-catchment, is 

shown in Table 7.2. Given the slow progress of development the author decided in late 2007 to add 

another sub-catchment for comparison, as it 

was clear that the Jeffs Sullivans sub-

catchment would deliver only a partial urban 

state for monitoring by 2008/9. Development 

proceeded more rapidly in the adjacent Jeffs 

Norwood sub-catchment, so this was added to 

the field programme. 

Jeffs Upper and Lower Norwood sub-

catchments: The Lower Jeffs Norwood sub-

catchment, the characteristics of which are 

shown in Figures 7.22 to 7.24, lies adjacent to 

the Jeffs Sullivans sub-catchment.  

Figure 7.21: Jeffs Sullivans sub-catchment view from 
south to Jeffs Norwood 2008. Photo: M.van Roon 

 

Figure 7.22: Jeffs Norwood stormwater pond, 2006, 
after construction. To the upper left of the pond the 
stream diversion channel is visible. Photo: M. van Roon. 
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In the headwaters of the Jeffs Norwood sub-catchment is a smaller embedded sub-catchment 

named, for this research, as Jeffs Upper Norwood, which is illustrated in Figures 7.25 and 7.26. 

Subdivision, which was underway in 2006, is now completed and houses are occupied, but many 

vacant lots remain in the northwest of the upper sub-catchment. The protected forest corridor and 

extensive stormwater treatment pond in the centre of the main sub-catchment, upstream of 
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 Jeffs Road, are also visible on Figures 7.23 – 7.24. House densities are similar to those in the Point 

View sub-catchment, except in the lower Jeffs Norwood sub-catchment in the Residential 2 zone 

(Figure 7.19) where terrace housing is common.   
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The development includes many ‘low impact’ features that are likely to improve the hydrological, 

chemical and biological condition of the sub-catchment by comparison with Point View. These 

features include: 

• Protection of existing mature forest patches and the linking of these into a stream riparian 

corridor;  

• The diversion of all stormwater into offline stormwater treatment ponds.  

Occasional overflows from the ponds to the stream environment are anticipated, but removal rates 

for fine sediment particles and attached toxins such as heavy metals may under certain conditions 

be high (Trowsdale, 2005).   

Apart from these features the layout of streets and house lots is relatively conventional (Figure 

7.27), and there is little obligation upon residents to play a significant part in protecting the 

hydrology or ecology of the sub-catchment. This represents therefore, only partial implementation 

of LIUDD but it was the best available for monitoring at the time when this research commenced. 

7.4 Concluding comments 

 

The necessity of understanding the relative characteristics of compared sub-catchments within each 

land use type (countryside living and residential respectively) will become apparent to the reader 

progressively through Chapters 8, 9 and 10. These characteristics, which are the determinants of 

ecosystem survival and health, are in turn largely determined by the degree to which LIUDD 

principles and methods, outlined in Chapter 4, have been applied.  

Sub-catchment riparian vegetation presence and condition can be viewed as part of sub-catchment 

characterisation, but it is also an indicator of the degree to which urban design and development has 

been sensitive to the protection and sustainability of terrestrial ecosystems. Riparian forests are also 

key determinants, but not the sole determinants, of stream ecosystem health. For this reason Chapter 

8 reports separately on the surveying and on the condition of the riparian vegetation of each sub-

catchment, and then in Chapter 9 stream ecosystem indicators are used to determine some LIUDD 

outcomes. The findings of Chapters 7, 8 and 9 are drawn together in Chapter 10. 
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CHAPTER 8 
 

SUB-CATCHMENT RIPARIAN VEGETATION 
 

8.1 Introduction  
 
Riparian forest corridors contribute to the connectivity between larger urban forest patches 

containing core habitat (such as Murphy’s Bush in the neighbourhood of these sub-catchment 

investigations) in addition to supporting stream ecosystem functionality (van Roon and Rigold, 

2006). This is further discussed in Chapter 10. 

The case for, and guidance on, the protection, restoration and management of riparian forest as a 

contribution to the sustainability of aquatic ecosystems has been clearly established in New Zealand 

(van Roon and Knight, 2004; ARC, 2001; Collier and Smith, 2000; Parkyn et al., 2000; Collier et 

al., 1997; Collier et al., 1995) and will not be repeated in detail here. Essential functions of riparian 

forests that support aquatic ecosystem function include the provision of shade, thereby reducing 

stream temperatures, the filtering of contaminants from overland and subsurface stormwater 

entering streams, the contribution of leaf fall and woody debris to the stream, and the creation of 

habitat for terrestrial insects, the juveniles of which are an important component of in-stream food 

chains.  

This chapter reports on a survey of vegetation in the stream riparian corridor of each sub-catchment 

described in Chapter 7. Survey results provide information on riparian corridor width, weeds, tree 

density and maturity (as determined by basal area), and the relative importance of different tree 

species with a trunk diameter at breast height of greater than 2.5 centimetres. This minimum size 

was adopted on the advice of Dr Bruce Burns (Burns, pers.comm., 2006). 
 

8.2 Riparian Vegetation: Methods 
 

Riparian forest in each sub-catchment was measured using the Point-centred Quarter Method  

(Cottam and Curtis, 1956), by collecting data at each of ten equidistant points on a transect aligned 

with the true-left bank of the stream.  Distance and tree-trunk diameter data so collected was used to 

calculate the absolute densities of trees within each riparian corridor, and relative density, relative 

dominance, relative frequency, and relative importance of tree species present within each riparian 

corridor, using the method described in Mueller- Dombois and Ellenberg (1974). Numerous authors 

(including Dahdouh-Guebas and Koedam, 2006; Bryant et al., 2004; Mueller-Dombois and 

Ellenberg, 1974) have, over the decades, compared different forest sampling methods for accuracy, 

limitations, and time efficiency of application. These comparisons provide the justification for the 
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use of this method in this study, thereby enabling a comparison of riparian forests in paired sub-

catchments, and an examination of the coincidence to ecosystem health in terrestrial riparian and in-

stream environments.  

A transect line was established, either parallel with the stream bed 1.5 to 2 metres to the side, or, in 

the case of small straight streams where the vegetation was very dense, the stream bed itself was 

taken as the transect line. The spacing of equidistant sampling points was decided for each transect, 

depending upon the length of the transect, the need for 10 points on each transect line, and the 

ability of the points chosen to represent vegetation throughout the whole riparian corridor, including 

upstream of the sampling reach for fresh water ecology. The distance between points varied from 15 

(Redoubt), to 30 (Tiffany), metres. For future reference pegs and labeled marker ribbons were 

driven into the ground both at the starting point of each transect, and at each sampling point along 

each transect. 

From each point the surrounding riparian space was divided into four quarters. Within each quarter, 

the nearest tree in the trunk diameter range of 2.5 to 10 centimetres was identified by species, and 

the distance to the tree, and trunk diameter at breast height (dbh) were measured. (Trunk diameter is 

considered to be a more reliable measure of tree age than is tree height, Burns pers.comm. 2006.) 

This process was then repeated for the closest tree with a diameter exceeding 10 centimetres. Care 

was taken to minimise the overlap between the survey areas of adjacent points, and to avoid 

measuring the same trees twice in adjacent quadrants. Indigenous plants smaller 2.5 centimetre dbh 

(planted species of which are listed for Regis Park in Appendix D.1) were not surveyed, except at 

the stormwater pond in the Jeffs Norwood sub-catchment. 

Within each quarter the dominant weed within a five metre arc from the point was recorded by 

species, and its abundance noted using the following categories for ground cover: 0-1% cover =1;  

1-5% cover = 2; 5-25% cover =3; 25-50% cover = 4; 50-75% cover = 5; 75-10% cover = 6. 

Field data for point to tree distances and stem diameters was summarised by sub-catchment in 

tabular form. Tree diameters recorded at breast height were then used to calculate basal areas for 

each tree. Tree densities within various size classes were calculated for each sub-catchment riparian 

corridor, using the ‘unbiased’ density methods described by Mitchell (2007: 10–11). The absence of 

trees of a particular size range within a quarter presented difficulties for the calculation of density. A 

method developed by Warde and Petranka (1981) was therefore used to apply a correction factor for 

density that took into account the absence of these trees. The combining of tree densities and mean 

basal area provided a basal area per hectare for each sub-catchment riparian corridor. 

Using methods described by Mueller-Dombois and Ellenberg (1974) the field data was further used 

to summate the number of trees of each species within each riparian corridor. Once this was  
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completed the basal areas of the multiple occurrences of a species could also be summed. These 

cumulative basal areas were then used to calculate the absolute and the relative dominance of each 

species within a size class of trees for each riparian corridor. Further calculations were made of the 

relative density and relative frequency of each tree species in each corridor. The summation of 

relative density, dominance and frequency then gave an importance value for each species that when 

divided by a factor of three (Mueller-Dombois and Ellenberg, 1974), gave the percentage 

importance of each species within each sub-catchment.  

 
8.3 Riparian Vegetation: Results 
 
8.3.1 Tree species richness, proportion indigenous, tree density and basal area per hectare 

All tree species recorded are listed in Appendix D.2 under Latin binomial, Māori and common 

names as available. Field data for each sub-catchment and calculation of tree density and basal 

areas are shown in Appendix D.3.  Summarised characteristics of riparian forest in each sub-

catchment are shown in Table 8.1. These provide measures for each sub-catchment riparian 

corridor of tree density across the whole corridor, tree size indicated by basal area and basal area 

per hectare, degree of indigenous dominance and of proximity to the stream. Some of these 

characteristics, discussed later, are important (Quinn, 2000; Collier et al., 1995) in supporting 

stream ecological health in the provision of habitat for adults of stream insects, stream shade, in-

stream woody debris and leaf fall carbon input to the stream.  

Trees of greater than 10 centimetre diameter 

stems: A comparison of sub-catchments in Table 

8.1 using measures of species richness (number of 

species) and indigeneity, tree density (stems per 

hectare), maturity (basal area) and proximity, 

reveal the following trends. Confidence intervals 

have been considered in making a comparison of 

density across sites. The absolute density (also 

shown in Figure 8.1), of 1500 medium to large 

trees per hectare in the Jeffs Norwood residential 

sub-catchment is several times that in Jeffs 

Sullivans (residential and rural), approximately 

ten times that in the Tiffany, Regis, Whitford 

(rural) and Redoubt sub-catchments, and two 

orders of magnitude higher than that of Point  

 
Figure 8.1: Absolute density (and 95% confidence 
interval) of trees larger than 10 centimetre in stem 
diameter in the riparian corridor of rural (green), 
countryside living (blue), and residential (red) sub-
catchments 
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View (conventional residential). Relatively low densities of these large trees in Whitford reflect 

the fact that supplementary planting of this riparian gully was carried out only a decade ago. Very 

high proportions of the large trees in all sub-catchments except in Regis and Redoubt are 

indigenous. Likewise it is Regis and Redoubt that have the lowest species diversity of large trees. 

A comparison across the sites of the basal areas of individual large trees reveals that all sub-

catchments except Point View have individual old trees, the largest being in Jeffs Sullivans and 

Jeffs Norwood, with Regis and Whitford not far behind.  Basal area per hectare is a measure of 

tree density and size combined. In the residential group of sub-catchments, a comparison of basal 

area per hectare shows Jeffs Norwood at double that of Jeffs Sullivans, and 800 times that of Point 

View. A comparison of basal area per hectare for countryside living sub-catchments shows the 

Table 8.1: Riparian vegetation summary of richness, indigeneity, distance, density, basal area /hectare 
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relative girth of large poplar and willow trees at Regis compared with slower growing natives that 

dominate at other sites in this largest open size class.  

In the countryside-living group the proximity of large trees to the stream is lowest for the 

Redoubt sub-catchment, but in the residential group the distance from the stream of medium to 

large trees increases steadily from Jeffs Norwood (2.6 metres) to Jeffs Sullivans (4.2 metres) to 

Point View (12 metres). The proximity of large trees to the stream is important for the 

maintenance of aquatic ecosystem function, as these trees contribute leaf-fall and woody debris 

to the stream and their deep root systems provide stream bank erosion resistance, as well as 

uptake of contaminants that would otherwise enter the stream through sub-surface flow. Not only 

are trees distant from the Point View waterway, but also they are isolated from it by stormwater 

piping. Point View trees may, however, influence stormwater quantity and quality and thus 

affect aquatic life.  

 Trees of 2.5 to 10 centimetres diameter stems: The highest diversity of trees in this size class 

occurs in Whitford and Jeffs Sullivans sub-catchments. The occurrence of indigenous species of 

these medium size trees is high in all sub-catchments except Regis and Point view. Good 

densities (1150 stems/hectare) of these small trees (2.5 – 10 cm dbh) were recorded in the 

Whitford sub-catchment only where supplementary planting has been carried out almost a 

decade ago. In this 2.5 to 10 cm tree class, densities (Figure 8.2), and basal areas per hectare 

(Table 8.1), are relatively low in all sub-catchment riparian corridors that were grazed a decade 

or more ago (Regis, Jeffs Sullivans, Jeffs Norwood and possibly parts of Tiffany), or are in 

conventional residential development (Point 

View). The Tiffany under-storey (265 

stems/hectare) shows signs of recovery as a 

result of the efforts of the Tiffany Bushcare 

group with pest control and supplementary 

planting. Three to four years ago dense 

under-storey planting of native trees (see 

below) was completed at Regis but these 

trees are not yet over 2.5 cm dbh. Basal 

areas per hectare show trends across the sub-

catchments that mirror those trends for stem 

densities. Another important quality measure 

of under-storey vegetation, in addition to 

density, is the proximity of trees to the 

stream, as it is stream-edge trees that provide habitat for stream-breeding insects, leaf fall into 

Figure 8.2: Absolute density (with 95% confidence 
intervals) of trees of 2.5 to 10 centimetre diameter (dbh) 
for all sub-catchments. Rural – green, countryside living – 
blue, urban - red 
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the stream, and filtering of overland stormwater inputs to the stream. Table 8.1 shows that the 

mean distance to these small trees in countryside-living sub-catchments increases by order from 

Whitford to Redoubt and Regis, then to Tiffany; and for the residential catchments from Jeffs 

Sullivans and Norwood to Point View.  

Trees and wetland plants smaller than 2.5 centimetre diameter stems: This size class was not 

sampled using the Point-centered Quarter method, but some records were made of the number of 

indigenous tree and wetland species present, and the percentage cover by those species. Three 

locations have been subject to intensive seedling planting, including Whitford in the late 1990s, 

Regis around 2005, and the stormwater pond wetland in the Jeffs Norwood sub-catchment. Most 

of the Whitford seedlings were probably in the 2.5 to 10 centimetre class by the time of 

sampling. The indigenous species planted at Regis by DJ Scott Associates Ltd. are listed in 

Appendix D.1. A 10 point survey transect undertaken in 2008 through the Jeffs Norwood 

stormwater pond riparian zone showed that the 

number of indigenous species planted ranged from 3 

to 9 at each point, and these plants provided 50 to 

75% ground cover.  

8.3.2 Weeds  

The dominant weed was recorded in each quadrant 

during the Point-centered Quarter method riparian 

survey of each sub-catchment, and results are 

tabulated in Appendix D.4. Not all quadrants in all 

sub-catchments contained weeds. The proportion of 

the 40 quadrants surveyed for each sub-catchment 

that was weed free has been plotted in Figure 8.3. In 

each case where weeds were present a cover class 

was assigned, indicating the percentage of the 

quarter ground-area covered by the weed. The 

percentage of quadrants in each sub-catchment that 

have greater than 25 percent coverage by the 

dominant weed are shown in Figure 8.4 

A variety of factors influence the diversity, density 

and invasiveness of weeds present in the riparian 

corridors of sub-catchments.  These factors include 

the presence of weed species in the neighbourhood, 

Figure 8.4: Percentage of quadrants in each 
riparian corridor that have greater than 25 
percent coverage with the dominant weed   

 

Figure 8.3: Percentage of quadrants that are 
weed free in a 40 metre wide riparian 
corridor for each sub-catchment 
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past and adjacent land uses, and the availability of cleared ground. Weeds are a threat to the 

sustainability of indigenous forest riparian corridors. The results presented in Figures 8.3 and 

Figure 8.4 indicate the naturally low weed presence and coverage in the native forest corridors of 

Jeffs Upper Norwood and Jeffs Sullivans. New residential gardens adjacent to these riparian 

corridors are a potential source of new weed invasions that need to be managed by ensuring that 

residents do not dump garden waste. The riparian corridors of Point View and Redoubt are part 

of residential properties where residents control weeds. Weed removal has been carried out in 

Tiffany by community volunteers and in Regis by the developer, as an aid to re-establishing 

native forest. The Whitford riparian corridor has probably not had any active weed management 

since native re-vegetation was carried out a decade previously. The species of weeds present in 

each sub-catchment, as shown in Appendix D.4, are also reflective of the factors discussed 

above. 

8.3.3 Riparian trees species dominance and importance 

Relative density, total basal area, relative dominance, relative frequency, importance value, and 

percentage importance were calculated for each species within each sub-catchment riparian 

corridor, and are presented in Appendix D.5. As percentage importance for each species captures 

these contributors in one value, these are summarised separately in Table 8.2 for trees in both 

size classes, that is: greater than 10 centimetres and between 2.5 and 10 centimetres at breast 

height (dbh).  

The greater than 10 centimetre stem diameter class of trees includes the large native trees of the 

forest canopy as well as medium sized sub-canopy trees in the case of Jeffs Norwood, Jeffs 

Sullivans and Tiffany sub-catchments. Taraire and nikau dominate the ancient forests of the Jeffs 

Sullivans and Jeffs Norwood forests. At Tiffany large kahikatea are common in association with 

the native ferns mamaku and punga.  This is by contrast with medium sized predominantly 

exotic garden trees planted in suburban Point View, and large planted willows and poplars on the 

previously pastoral gullies of Regis Park. During the native re-vegetation of the Whitford gulley 

in the late 1990’s, large exotic trees present were left and inter-planted. 

In the 2.5 to 10 centimetre diameter tree class the riparian corridors of the Whitford, Tiffany, 

Redoubt, Jeffs Sullivans, Jeffs Norwood sub-catchments are dominated by native species, 

although species composition and dominance differs radically from sub-catchment to sub-

catchment. This variability is determined mostly by human control over what is planted and 

human-induced influences (grazing, trampling, weed competition, pest introduction and control) 

on seedling survival. Suburban tree planting in Point View is of predominantly exotic trees. At 

Regis Park this small size class of tree was represented by only 3 individual exotics that survived 
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pre-subdivision pastoral grazing on this site. Most of the small and diverse native trees at 

Redoubt have been planted in the extended stream-edge gardens of just two countryside-living 

households. Small trees in Jeffs Norwood and Jeffs Sullivans are mostly naturally seeded in  

 

Table 8.2: Tree species >2.5 cm diameter trunk (dbh) listed by percentage importance for each sub-catchment 
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areas where the riparian corridor has been fenced off from animal grazing and pedestrian 

trampling.  

Vegetation in the Redoubt sub-catchment is very unevenly distributed relative to that in all other 

sub-catchments. The trees are confined to the immediate stream edge in the lower 60 percent 

only of the surveyed transect. The Point-centered Quarter Method may have limitations in forest 

stands that have high levels of aggregation (Mueller-Dombois and Ellenberg, 1974), and this 

may mean that the Redoubt results are less reliable than for other sub-catchments. 
 

8.4 Discussion: Riparian Vegetation and sustainability 

 
The significance of the results presented above will now be discussed. 

8.4.1 Riparian forest corridor width and forest quality 

Riparian forest corridor widths for trees over approximately 2.5 centimetre diameter trunks were 

calculated, and the results were reported in Chapter 7. All of the Jeffs sub-catchments plus Tiffany 

and Whitford sub-catchments have excellent riparian corridor widths of 60 to 70 metres (35 each 

side), adequate for the protection of stream function, and potentially sustainable in the long term, 

provided plant succession and weed control are assured. Riparian corridor widths for trees larger 

than 2.5 centimetre in Redoubt and Regis are very limited, and long term quality will depend upon 

the maintenance and continuity of revegetation. Point View has no riparian corridor.  

This chapter has reported on the quality characteristics of the riparian forests studied. When 

measures of quality, weed invasion and corridor width are considered together, Jeffs Norwood and 

Jeffs Sullivans perform consistently well across all measures. 

8.4.2 Sustainability of riparian forests 

Long-term planning and management is needed in old forests of the Jeffs sub-catchments to 

ensure adequate plant succession to replace trees as they age and fall. The under-storey of 

riparian forests in the Jeffs Sullivans and Norwood sub-catchments needs time to recover from 

previous grazing impacts if these forests are to be sustainable in the long term. Not all of the 

forest should be available for public access and human trampling. In addition, any escalation in 

weed invasion as a result of adjacent residential intensification needs to be kept in check. In parts 

of the Jeffs Norwood forest, downstream of the Mission Heights stormwater pond but upstream 

of Murphy’s Road, rural-residential property owners have fenced off the forest for the past 

decade, thereby protecting the under-storey and facilitating re-growth of seedling trees. Similarly 

there may have been some recovery of seedling trees in the lower Jeffs Sullivans sub-catchment 

following closure to grazing. The opening of these areas for public access in the future as 
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residential occupancy of the neighbourhood intensifies would be expected to reverse this 

recovery of the under-storey, and threaten the long-term regeneration of the forest.  

Ongoing care is also necessary for young native trees in sub-catchments where planting has been 

carried out. Current responsibility for this care falls to very different stakeholders in different 

sub-catchments, depending upon property ownership and attitudes to a duty-of-care. In the 

Tiffany area a voluntary group of landowners now known as the Redoubt Bush Care Group carry 

out this maintenance; at Whitford it is the farm owner; at Regis it is an Incorporated Society of 

landowners that is ultimately responsible, but a landscape company is carrying out maintenance 

for the developer for the first five years after planting; at Redoubt two households care for those 

trees on their properties; and in the Jeffs Norwood stormwater pond and wetland, Manukau City 

Council (soon to become part of the new Auckland Unitary Council to be established in 

November 2010) is the owner and guardian of plantings. The long-term security of these 

plantings and the ongoing removal of weeds and animal pests is questionable where individual 

property owners are free to on-sell their properties, and new owners may have different attitudes. 

8.4.3 Riparian forest contribution to stream ecosystem health and sustainability 

The guidelines of the Department of Conservation and the National Institute of Water and 

Atmospheric Research (Collier et al., 1995), recommend a site-based approach to decision 

making about riparian management. However, a review by Parkyn et al. (2000) for the Auckland 

Regional Council, while acknowledging that site-based decision-making was best, responded to a 

request from the Regional Council for some generalised guidance. They concluded that buffer 

widths over 10 metres on either side of the stream were the minimum necessary to protect 

aquatic ecosystem function, and to allow for indigenous vegetation succession with ongoing 

weed control requirements. Parkyn et al. (2000) further concluded that it is highly likely that 

buffer widths of 15 to 20 metres either side of the stream would be sufficient to support self-

sustaining, virtually no maintenance, indigenous vegetation that might allow for natural 

succession towards a sustainable terrestrial climax community. Riparian strips of 15 – 20 metres 

either side may still however be exposed to what are commonly referred to as ‘edge effects’ that 

prevent the establishment of core forest conditions (Parkyn et al., 2000). The sub-catchment 

riparian vegetation corridors monitored are all wider than 20 metres with the exception of the 

conventionally developed sub-catchments of Redoubt (countryside living) and Point View 

(residential).  

8.4.4 Riparian forest contribution to regional terrestrial ecosystem connectivity and sustainability 

Having considered the contribution of riparian vegetation to in-stream health, it is now useful to 

reflect on its role in creating terrestrial ecosystem connectivity across regions. The long-term 
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sustainability of some elements of terrestrial ecological health is typically dependent on the health 

of habitats in neighbouring catchments and the wider landscape. Individual catchments may not 

contain enough vegetation or sufficiently large single patches (Rigold, 2007) to support viable 

populations of some more mobile species such as birds. This may in turn affect pollination patterns 

and forest composition (van Roon and Rigold, 2006). Groundwater dynamics may also travel across 

catchment boundaries and will be affected by terrestrial vegetation patterns. 

Key ecological principles need to be considered when conducting restoration in patchy landscapes 

(van Roon and Rigold, 2006). The varying scales within which ecological processes operate, means 

that often there is a need to consider wider regional scale processes to gain local level (for example 

within an individual catchment) benefits.  

Ecological processes operate at a range of scales, from individual stream dynamics to regional 

hydrological cycles; and different species will perceive a landscape in very different ways, for 

example the habitat size requirements of reptile and invertebrate species in comparison with those 

of more mobile bird species (van Roon and Rigold, 2006). The distributions of these processes and 

perceptions across a landscape often do not conform to political or conventional planning 

boundaries, therefore to achieve ecological integrity goals there is a need for a wide strategic level 

perspective across a region or the whole country. The range of scales in operation can make it 

difficult to define the boundaries of a suitable landscape to work within. From a terrestrial ecology 

perspective in landscapes already modified by habitat fragmentation, boundaries may be largely 

dictated by the size and location of remaining habitat and the need to incorporate a sufficient 

quantity to ensure ecological processes can be maintained. Fahrig (2003) concluded that “How 

much habitat is enough?” was the most important question to be addressed in biodiversity 

conservation.  

Habitat loss and fragmentation are two ecological concepts that must be considered when planning 

in modified landscapes. The Greater Auckland Region is an example of a highly modified 

landscape displaying a range of urban intensity levels. Approximately 30% of the original 

vegetative cover (often much modified) remains and much of it is concentrated in a few large 

blocks (van Roon and Rigold, 2006). These include the Waitakere and Hunua Ranges and the 

offshore Hauraki Gulf islands, with many small fragments in between. Due to their size such areas 

can sustain viable populations of species. However, these populations are isolated from each other 

to varying degrees, making them more vulnerable should large-scale disturbances occur. 

The resulting landscape is a mosaic of land cover types representing a continuum of habitat 

suitability, which can vary from species to species. Landscapes are often classified into two 

categories, “habitat patch” and “matrix” (van Roon and Rigold, 2006). However the conditions in 
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the matrix will vary spatially and will facilitate or obstruct the movement of organisms to different 

degrees (Lindenmayer and Franklin, 2000). Maintaining and enhancing both more and less suitable 

patches is needed to achieve restoration goals, as even large patches may not be able to maintain 

ecological processes or ensure population viability in the long term if considered in isolation. 

Therefore there is a need to create an ‘ecological network’ made up of large patches of high 

suitability connected by smaller ‘stepping stone’ patches of varying suitability which also act to 

increase the permeability of the surrounding landscape. 

The size of suitable habitat remnants is a key consideration. Minimum patch size will vary between 

species and will be related to a species’ life history characteristics including average population 

density, territoriality and dispersal ability. Large patches (for example those greater than 10ha) 

should be preserved and patches of all sizes should be enhanced where possible; patch shape should 

also be considered to ensure the provision of interior habitat conditions for species that require it 

(van Roon and Rigold, 2006).  

Rural-residential style developments can make important contributions, when LIUDD and 

ecological principles are adopted in the early stages, as comparatively large patches of vegetation 

are still present to be retained, both riparian and non-riparian. There are also greater possibilities for 

setting aside larger sites to be re-vegetated from scratch. Both contribute to the goals of LIUDD 

particularly regarding water quality and quantity, and less linear non-riparian patches are important 

for terrestrial processes, as the persistence of some species can be negatively impacted when only 

narrow linear habitat patches consisting entirely of ‘edge’ habitat are available. Young and Mitchell 

1994) found that edge effects penetrated (approximately 50m into forest remnants) and that edge 

processes may dominate in fragments up to 9 ha in size.  

Smaller patches are also important, especially in more heavily developed urban areas. The 

continuous linking of sites into corridors is a potential method for facilitating movement between 

patches (van Roon and Rigold, 2006. However, there is debate about its effectiveness. Machtans et. 

al. (1996) found evidence to support the use of corridors by forest bird juveniles post logging while 

Hannon and Schmiegelow (2002) failed to do so in a study conducted within the same forest area. 

LIUDD style developments, such as those at Flat Bush, have the potential to play a strong role in 

facilitating the movement of individual animals across the region by greatly increasing its 

permeability. The habitat quality is likely to be higher than that found in conventionally designed 

and constructed suburbs with tree lined streets or many vegetation patches adjacent to areas of 

public open space; vegetation in such areas often has low density and is structurally simplified, for 

example lacking an under-story layer (van Roon and Rigold, 2006). This can limit the types of 

species who view it as potential habitat to inhabit or move through.   
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8.5 Concluding comments 
 
The stream riparian vegetation is very different in sub-catchments surveyed, except for 

similarities among the Jeffs sub-catchments, where mature riparian forest has been retained. 

These differences are reflected by the proportion of tree species that are indigenous, and the 

average maturity, density and succession of trees. The urbanising Jeffs Norwood and Jeffs 

Sullivans catchments excel in the quality of mature forest canopy, but this quality and density 

does not extend to the smaller tree sizes. The quality of the Jeffs forests is a strong contrast to the 

scattered immature trees planted throughout the Point View conventional and manicured urban 

sub-catchment. The countryside living sub-catchments have very different riparian vegetation 

histories from one another and are therefore not easily compared at this time. Tiffany has a 

mature forest canopy in patches, interspersed by restoration planting and weed control. Redoubt 

has very little vegetation cover, but supplementary planting of young indigenous trees adjacent to 

the lower stream reach. Regis has mature exotic trees in the stream-lines, and 60 percent of the 

site re-vegetated in indigenous species below the surveyed tree size classes. Whitford was re-

vegetated in natives almost a decade ago and so results of the survey undertaken there show the 

high density of young trees in the 2.5 to 10 centimetre diameter class. Weed occurrence is 

influenced by the availability of cleared land, and the diligence of those involved in weed 

removal. Whitford and Tiffany have the weediest riparian corridors. Forest succession, in terms 

of the continuity of trees in all size classes, needs to be managed across all of these sub-

catchments. 

Riparian forests have the potential to play a major role as regional corridors that provide linkage 

between larger forest patches in urbanising landscapes. The degree to which they can fulfill this 

role effectively will depend upon the width of the riparian corridor, the quality and species 

composition of the riparian forest, the control of weeds, and protection of the forests from 

processes that obstruct plant succession. 

 The purpose of the next chapter is to develop an understanding of the aquatic ecosystem quality 

that results from the natural and built characteristics of the sub-catchments as described in 

Chapters 7 and 8. The findings of Chapters 7, 8 and 9 are drawn together in Chapter 10 to show 

causal relationships between issues described and analysed in the different chapters.  
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CHAPTER 9  
 

STREAM ECOSYSTEM HEALTH INDICATORS OF LIUDD 
IMPLEMENTATION OUTCOMES  

 

9.1 Introduction 
 
In-stream habitat conditions are largely determined by LIUDD-related human activities in the stream 

catchment and, in particular, by land use type and intensity, urban form, effective impervious 
surfaces, riparian corridor condition, sewerage systems, and stormwater drainage characteristics, all 

of which have been described in Chapters 7 and 8. In addition, characteristics of the in-stream habitat 
and riparian condition were observed and recorded at the time of sampling in order to improve 

understanding of the relationship between macroinvertebrate species present and stream habitat 

conditions. This chapter attempts to determine whether the implementation of LIUDD as defined in 
Chapter 4 will ensure the optimisation of habitat conditions and aquatic ecosystem health, within and 

downstream of, urban catchments.  Survey methods, water quality, and stream macroinvertebrate 
ecology are discussed in turn. A comparison of stream ecosystem condition is made across sub-

catchments, and then results are compared with Auckland Regional data. 

 
9.2 In-stream habitat: methods and results 

 
This section describes some water quality characteristics that may limit the presence of particular 

species used as indicators of stream condition. Water quality characteristics, were measured by 
meters at the time of sampling (Appendix E.1). These were temperature, dissolved oxygen, pH and 

conductivity. The first three of these are characteristics that may be limiting to the survival of a 

species at that point in time. 

Extreme occurrences at the time of macroinvertebrate sampling could help explain the absences of 

sensitive species when no other obvious habitat limitation is present. Instantaneous data collection 

does not negate the possibility that levels for temperature, dissolved oxygen or pH may be extreme or 
limiting on some other day or even some other hour of the same day. Temperature and dissolved 

oxygen, for example, have diurnal patterns and 24-hour recordings are necessary to give a better 
understanding of life supporting limitations.  For this reason temperature and dissolved oxygen 

monitoring results have not been plotted against other parameters in search of causal relationships. 

Several observations can, however, be made.  

The maximum temperatures recorded in all streams at mid-afternoon in any December during 

thesurvey period (Figure 9.1), may provide some indication of the effects of different stream type,  
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urban form and closely related stream condition, on 

temperature extremes. 

This is relevant as stream organisms have variable 

tolerances to high temperatures. Plecoptera and 

Ephemeroptera, which contribute to high biotic 
index scores discussed later in this chapter, require 

cool temperatures below 19 and 21.5 degrees 

centigrade respectively (Quinn et al., 1994).  

Cool temperatures also facilitate the maintenance of 

dissolved oxygen concentrations in the water. In this 
investigation occasional occurrences of low 

dissolved oxygen, as measured by percentage 

saturation, were recorded in December in Regis 
streams that had very low flows due to their ephemeral nature.  A noticeable drop in dissolved 

oxygen concentrations was recorded on more than one occasion in the Redoubt stream downstream 
from a piped discharge. The occurrences of low dissolved oxygen concentrations in Regis streams 

coincided with relatively high temperatures up to 23 degrees centigrade, and negligible flows, in 

those Regis streams where the recently planted riparian trees are not yet providing complete shade. 
The relatively low maximum temperature of 15 degrees centigrade, recorded in the Whitford stream, 

which is bordered by a riparian forest similar in composition but much more mature than that of the 
Regis sub-catchments, may provide some indication of how Regis stream temperatures may drop in 

future years. Moderate temperatures were recorded in all residential sub-catchment streams, all of 

which are shaded either by mature riparian forest or stormwater pipe. As little sampling for this 
investigation was undertaken in March, probably the hottest month of the year for Auckland 

waterways, temperatures above the maximum tolerated by sensitive species may not have been 
recorded. 

There was no pH value recorded  (range 6 to 7.6) during the survey that was considered limiting to 

the life supporting capacity of survey streams. As for temperature and dissolved oxygen 
concentrations, there is likely to be some diurnal variation. Diurnal pH changes with carbon dioxide 

generation and uptake by aquatic plants. Spot samples taken in this survey may be insufficient to 

identify all ecologically limiting values. 

Conductivity provides an indication of total solutes or ions present, and thereby serves several 

purposes. Firstly, when comparing freshwaters present in geologically similar catchments, 
conductivity can be related to the amount of contaminated runoff entering a water body, and for this 

Figure 9.1: Maximum December temperature 
recorded in streams during the survey period. Red: 
medium-density residential sub-catchments; blue: 
countryside living sub-catchments; green: 
bush/pasture sub-catchment; black outline: control 
catchment 
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reason it tends to be higher in urban catchments 

compared, for example, with countryside living and 

bush catchments as is shown in Figures 9.2 and 9.3. 

Median conductivity and range for the Flat Bush 

sites under investigation increases with urban 

intensification. Within each land use cluster of sub-

catchments, that is residential and countryside 

living, the highest recorded conductivity was in the 

conventional development sub-catchments. High 

conductivity levels, in water bodies well removed 

from saline influence, may indicate high 

concentrations of contaminants from either 

discharges or non-point runoff. The presence of an 

extremely high conductivity reading would justify 

investigation into the causes.  

Other stream characteristics at the time of sampling 

were also recorded, including, the type of benthic 

sediment in the sampling reach, the presence or 

absence of habitat types such as riffles, runs and 

pools, the extent of stream shading by riparian 

vegetation, approximate stream flow and stream 

width, fish seen, and any characteristic that was 

unusual. Notes were also made on the percentage of 

the macroinvertebrate sample that was collected by 

net from different parts of the stream environment, 

such as, off the stream-bottom (benthic), along the 

riparian bank, among macrophytes, and from woody 

debris in the streambed.  These are the habitats 

frequented by different species and understanding 

the proportions of a sample collected from each 

environment aids data interpretation. These 

observations were sufficient for completing, for 

each stream reach sampled, an Auckland Regional 

Council Habitat Quality Assessment as summarised 

by Figure 9.4, and shown in Appendices E.1 and 

Figure 9.3: Conductivity µs/cm (median and range, n=3-6) 
Flat Bush and adjacent control stream sites. The four sites to 
the left are residential sites. The group to the right are 
countryside living and control sites.  
 

 

 

Figure 9.4: Auckland Regional Council Habitat Quality 
Assessment scores for Flat Bush and adjacent control stream 
sites. Red: residential; blue: countryside living; green: 
bush/pasture; black outline: control sub-catchments 
 

Figure 9.2: Conductivity µs/cm versus percent of sub-
catchment that is totally impervious for residential, 
countryside living, and bush/pasture sub-catchments. 
See also Appendix E.6. 
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E.2. The lowest scores in each sub-catchment cluster are for the conventionally developed control 

sub-catchment in each case (Redoubt and Point view). Jeffs Lower Norwood stream reach has a 

Habitat Quality Assessment score only marginally less than the upstream Jeffs Upper Norwood 

stream reach. However, the habitat assessment criteria do not consider the hydrological and water 

quality influences of the sub-catchment, and are focused on the riparian and stream environments 

alone. This is further discussed in Section 9.3.4. Appendix E.3 shows water quality and stream 

observations recorded on all sampling occasions. 

 
9.3 Stream Ecology 
 
9.3.1 Introduction 

This section describes survey methods, and reports and discusses results for indicators of in-stream 

ecological health. The main focus of this analysis is the macro-invertebrate community with only 

incidental observations of fish occurrence. Comparisons are made across sites within each sub-

catchment cluster of macro-invertebrate indicators. This is followed by a comparison of indicator 

values from this survey, with values from at least two surveys from consecutive time periods across 

the whole Auckland Region.  This latter comparison enables a regional benchmarking of results 

collected using the same standard methods in coinciding time periods.   

9.3.2 Stream Ecology: Methods 

Macroinvertebrate community indices are specific to location. In the late 1990s New Zealand 

developed a standard Macroinvertebrate Community Index (MCI) to assess nutrient enrichment in 

stony streams (MfE, 1999). With time resource managers began to apply this to other stresses on 

stream ecosystems and in other stream types. Some doubts remained, however, regarding its 

application to soft-bottomed streams such as exist in Manukau City, where this research was carried 

out. These doubts led to the development of a modified ‘soft-bottom’ MCIsb (ARC, 2004a).  New 

Zealand has subsequently adopted different standard methods nationwide both for macroinvertebrate 

sampling in different types of stream environments and for calculating MCI values.  

For this research the author sampled each stream site on multiple occasions across the seasons and 

years (Table 9.1). Sites were sampled on average four times and sampling always occurred for 

control sub-catchments on the same occasions as for treatment sub-catchments. Two additional 

residential stream sites were added late in the programme when it became apparent that development 

was not proceeding as fast as anticipated in Jeffs Sullivans sub-catchment. These sites were Jeffs 

Upper and Lower Norwood. No sampling was undertaken at any sites in 2007 in order to allow land 

use change in treatment sub-catchments to advance measurably. Replicate samples on consecutive 

fine-weather days were taken from residential sub-catchment sites and their control site, in December 
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2008, to provide an indication of the variability in results under stable environmental conditions. 

Variability could result from sampling methods, sampling effort, the heterogeneity of the site 

sampled, and errors in laboratory analysis.  

Site 2005 2006 2008 

Jeffs Sullivans 13 Dec 12 July; 15 Dec 29 May 

Jeffs Upper Norwood ns ns 10 April; 28 Nov; 29 Nov 

Jeffs Lower Norwood ns ns 21 April; 28 Nov; 2 Dec 

Point view 21 Dec 2 Aug; 21 Dec 11 April; 28 Nov; 2 Dec 

Regis, all 4 sites 6 - 20 Dec 19 - 23 July; 6 Dec 10 June 

Tiffany 21 Dec 23 July; 12 Dec 3 June 

Redoubt 21 Dec 14 July; 12 Dec 10 June 

Whitford ns 2 Aug; 21 Dec ns 

Table 9.1: Dates when macroinvertebrate stream sampling was carried out at sites in this investigation.  

ns = not sampled 
 
Sampling was undertaken using Protocol C2 (Stark et al., 2001). Samples were preserved in 70 

percent ethanol and analysed within the first four weeks after collection. To ensure the 

comparability of results, an experienced government research taxonomist, who has undertaken 

sample analysis for a wide selection of projects by local government (including Auckland Regional 

Council), research institutes and consultants, was employed for sample processing. 

Macroinvertebrates were identified to the lowest practicable level, counted, and taxonomic richness 

(the number of taxa) and community composition assessed. Species composition was observed, and 

the occurrence and dominance of species, particularly indicators such as Ephemeroptera, Plecoptera 

and Tricoptera (EPT), were noted. The percentage of taxa that were EPT was calculated. Further 

biotic indices calculated included MCI, MCIsb, quantitative MCI and quantitative MCIsb.  

Results, as reported below, are compared to other Auckland Regional data, which has been 

collected using the same methods. This is considered to be the most appropriate benchmark for data 

from this study, as there are regional differences in stream ecology throughout New Zealand. For 

these reasons also, stream ecology in Flat Bush was not compared with long-term nationwide 

surveys, such as that reported by Scarsbrook et al. (2000) for 66 river sites monitored from 1989 to 

1996, using different methods to the current study. Fish present were observed at each site at the 

time of macro-invertebrate sampling, but no specific fish sampling methods, such as electric fishing 

or trapping, were employed. Fish were occasionally caught in the kick net.  

9.3.3 Stream Ecology: Macroinvertebrate results 

Summary of results for the most informative indices: A summary of median values for the most 

significant measures of stream macroinvertebrate community composition, at each location, is 

presented in Table 9.2. Data for multiple sites at Regis has been pooled in this table. Indices for 
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every sampling occasion are listed in Appendix E.4. A full listing of all stream macroinvertebrates 

recorded is not included in the appendices but this is available from the author on request. Results 

are discussed below.  

Site Number 
of taxa 

%EPT 
taxa       
number 

%EPT 

number 
individual 

MCI 

 

QMC
I 

MCI 
sb 

QMCI 
sb 

Number samples 

/occasions 

/sites 

Jeffs 
Sullivans 

25 25 57.7 96.4 6.12 103.6 6.52 3 /3/1 

Jeffs Upper 
Norwood 

26 13 63.7 89.2 6.22 100 7.41 3/3/1 

Jeffs Lower 
Norwood 

25 7.7 2.2 81.9 3.99 82.2 3.23 3/3/1 

PointView 13 0 0 71 2.25 82 3.42 6 /6/1 

Tiffany 26 21.7 3.8 92.4 4.05 101.6 3.85 4 /4/1 

Redoubt 16 16.7 10.4 90 4.52 108.9 3.62 4 /4/1 

Regis 24 8 0.8 85 4.09 92.1 4.05 16 /4/4 

Whitford  23 18.6 4.75 95.2 4.8 104 5.02 2 /2/1 

Table 9.2. Median values (range) of some measures of stream macroinvertebrate composition in sub-
catchments. EPT: Ephemeroptera species; MCI: Macroinvertebrate Community Index; Q: quantitative; sb: 
soft bottom. Sites are grouped by font type: italic: residential, bold: countryside living, and standard: forest-
pastoral. 

Variability of macroinvertebrate indices between replicate samples from each residential sub-

catchment site: Replicate samples on consecutive fine-weather days were taken from residential 

sub-catchment sites and their control site, in December 2008, to provide an indication of the 

variability in results under stable environmental conditions. Variability could result from sampling 

methods, sampling effort, the heterogeneity of the site sampled, disturbance of the site during the 

first sampling that results in changed community composition or distribution on the second 

sampling, and errors of counting or identification in laboratory analysis. Changes to benthic stream 

ecology between consecutive fine-weather days, with steady base-flows, are not expected to be 

significant unless some unknown discharge to the stream occurs. Results of replicate sampling on 

consecutive fine-weather days in December 2009 are shown in Table 9.3. 

Variance is in most cases less than 10 percent. However this is not the case for EPT values when 

very small numbers of EPT species and individuals within species are under comparison. Variance 

could also have been calculated as a percentage of the data range across all sites and this would be 

expected to demonstrate that only the parameter ‘Percent EPT by number of taxa’ has an 

unacceptable margin of potential error due to sampling and analytical variability. The other EPT 

parameter, that is, ‘Percent EPT by number of individuals’, has very good discrimination between 

high and low values. 
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 Jeffs Upper Norwood Jeffs Lower Norwood Point View 

 Day 1 Day 
2 

Difference as 
percent of 
day1 value 

Day 
1 

Day 
2 

Difference as 
percent of 
day1 value 

Day 
1 

Day 
2 

Difference 
as percent of 
day1 value 

Number of 
taxa 

23 26 13 25 26 4 13 12 7.7 

% EPT 
number of 
taxa 

13 11.5 11.5 4 7.7 92 7.7 0 100 

% EPT 
number of 
individuals 

63.7 73.7 15.7 1.5 2.2 46 0.1 0 100 

MCI 98.3 89.2 9.2 81.6 87.7 7.4 75.4 75 0.008 

QMCI 6.41 6.22 2.9 3.87 4.08 5.4 2.1 2.12 0.01 

MCIsb 110.1 100 9.2 82.2 83 0.01 71.2 82 15 

QMCIsb 8 7.41 7.4 3.23 2.39 26 3.36 3.27 11.6 

Table 9.3: Stream macroinvertebrate sampling results from consecutive fine-weather days  
 
Macroinvertebrate taxa richness: For the 64 streams in an Auckland Regional survey (Allibone et 

al., 2001), taxa richness ranged from 2 to 25. The number of taxa present in the streams investigated 

in this study are shown in Figure 9.5. In both of the comparative clusters of sub-catchments only the 

control sub-catchment streams of Point View (residential) and Redoubt (countryside living) have 

median taxa richness values lower than 23. Low taxa richness is therefore associated in these sub-

catchments only with conventional 

styles of development at both 

residential and countryside-living 

densities.  

 All treatment sub-catchments, 

including the Jeffs Lower Norwood 

stream reach, have very high taxa 

richness by Auckland Regional 

standards. In the State of the 

Environment report from the Auckland 

Region (ARC, 2008b), the frequency 

distribution of numbers of taxa 

recorded during the regional sampling 

programme 2003 – 07 shows that only 

some 15 percent of approximately 240 

Figure 9.5: Macroinvertebrate taxa richness (median for 
all sampling occasions n=3-7/site) in streams of all sub-
catchments. The range of values for each site is shown 
after site name. 
 



 212 

samples taken from catchments in all land use types, had a taxa richness as high as those recorded 

in this investigation for Jeffs Sullivans, Jeffs Upper and Lower Norwood, and Tiffany. The highest 
recorded taxa richness in the regional survey was 37 and in this investigation 36 was recorded for 

the Tiffany sub-catchment stream in December 2005. The Regis and Whitford stream taxa richness 

is higher by 4 – 5 species than the median for the region, based on the results of this regional 
programme that ran concurrently with the thesis sampling.  Furthermore, when taxa richness results 

for sites in this study were compared with results for 38 Auckland Regional soft-bottomed streams 

(ARC, 2008b), only two streams, both in forestry land use, had taxa richness equal to all of the Flat 
Bush streams in this study, except the two control sub-catchment streams of Point View and 

Redoubt.  

Following a  survey of 64 Auckland Regional baseline stream sites prior to 2001 the ARC (Allibone 

et al., 2001) reported that invertebrate richness was strongly correlated with the Macroinvertebrate 

Community Index (hard bottom; MCI) discussed below. 

 Species composition within the macroinvertebrate community in treatment versus control sub-

catchments: As the taxa richness at a site gives useful but limited information about stream 
ecological health, additional information is required on the species composition within that 

community in addition to the calculation of biotic indices. This increases knowledge of the life 

supporting capacity of a stream. The type of species present indicates the types of habitats available, 
and the biophysical conditions present. These conditions include, but are not limited to, the current 

and seasonal flow regime, the geomorphology of the stream, deposition and suspension of 
sediments, diurnal and seasonal temperature variation, dissolved oxygen concentration, 

concentration of toxins, stream shading, and supply of organic carbon from leaf-fall, and woody 

debris from riparian vegetation. Urban layout and management in the catchment influence all of 
these habitat conditions. 

 A group of insect larvae known by the acronym of EPT, which are particularly sensitive to 
pollution and inadequate-flow conditions, have become particularly useful as indicators. They 

include larval groups of mayflies (Ephemeroptera), stoneflies (Plecoptera) and caddis flies 

(Tricoptera). At the degraded or soft-bottomed extreme of stream conditions there are other groups 
of organisms such as oligochaete worms, flies, crustaceans, snails, and a few species of caddis fly 

that are tolerant of degraded slow-flowing stream conditions.  

The occurrences on all sampling occasions of macroinvertebrate species at sites in treatment and 
control sub-catchments of this investigation are available from the author if required. The degree to 

which EPT species are represented at each site is shown in Figure 9.6. Sites are clustered according 
to residential density for comparison of treatment and control sub-catchments within each cluster. 
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 Within the residential housing cluster there is a decline in the proportion of total species that are 

EPT from Jeffs Sullivans (LIUDD less than 10% developed), to Jeffs Upper Norwood (LIUDD 

fully developed with no stormwater input) to Jeffs Lower Norwood (LIUDD with off-line 

stormwater pond overflow), to Point 

View (control sub-catchment for the 

residential comparative cluster). The 

relative habitat quality achieved or 

retained in each of these sub-catchments 

is reflected in these occurrences of EPT 

species.  

Comparison of the proportion of total 

species that are EPT for the countryside 

living sub-catchments indicates the 

relatively high habitat quality in two sub-

catchments in particular, that is, in the 

Tiffany sub-catchment, which has 

mature riparian forest under restoration 

and stable land use, and in the Whitford sub-catchment, 70 percent of which was replanted in native 

forest nearly a decade ago. Redoubt, the control sub-catchment for the countryside living cluster, 

has surprisingly good EPT occurrence, reflecting the deep incision, and therefore shading of the 

stream path, and efforts by two householders to plant riparian trees near the sampling reach of the 

stream. Regis currently has an average EPT occurrence for the Auckland Region, and this is likely 

to increase over future years as the native riparian forest planted 3 – 4 years ago reaches greater 

maturity and begins to provide shade and woody debris to streams. The plant composition of the 

native plantings in the riparian zone of Regis is very similar to that at Whitford, which was planted 

6 years earlier. It was for this reason that the Whitford sub-catchment was monitored as part of the 

countryside living cluster of sub-catchments, to give some indication of possible future habitat 

quality at Regis. Note that EPT occurrence is currently higher at Whitford than at Regis. 

In a 2001 Auckland Regional survey of 64 streams the Auckland Regional Council (Allibone et al., 

2001), reported that EPT taxa occurred in very low numbers (less than 6), and then at only 16 out of 

the 64 sites. Ephemeroptera were reported from only 7 sites, and Plecoptera from only 3 sites. There 

is therefore a high occurrence, by regional standards, of EPT species in the Flat Bush sites of this 

investigation in all streams except Point View, which has been subject to conventional development 

and stream piping. In a more recent Auckland Regional state of the environment report “the vast 

majority of samples contain fewer than 9 EPT taxa” (ARC, 2008b), and this is generally the case in 

Figure 9.6: Median (n=3-7) percentage of species that 
are of the EPT group in all sub-catchments differentiated 
by red: residential, blue: countryside living, green: 
forest/pasture 
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this investigation, where 12 EPT taxa were recorded at Tiffany, 8 in the Jeffs Sullivans sub-

catchment, and 5 – 6 in each Regis stream. A comparison of Tiffany results with those of the 
Region puts Tiffany in the top 20 percent of streams (ARC, 2008b). 

The plotting of EPT taxa against the number of all taxa by Moore and Neale (ARC, 2008b, Figure 

14), shows the clustering of hard-bottomed versus soft-bottomed streams in all land use classes in 
the Auckland Region. What this plot (Figure 9.7a), does not do, is differentiate the land use 

associated with each point on the graph. This would have been useful as land use also affects 

numbers of taxa, and the proportion that are EPT taxa (ARC, 2008b).  

The plotting of points for individual sampling occasions for sites in this investigation is shown in 

Figure 9.7b. Comparison of Figures 9.7a and 9.7b, that are of the same scale, shows that EPT taxa 
numbers at Flat Bush are typical of soft-bottomed streams in the Auckland Region, with Tiffany 

and Jeffs Sullivans sometimes exhibiting EPT taxa numbers that are at the regional best for soft-

bottomed streams. Figures 9.7a and 9.7b show that, compared with regional values, all treatment 
sites in the paired catchment study clusters, but not the control sites, have consistently higher 

numbers of all taxa. By deduction the additional taxa, relative to the regional norm, are 
predominantly non-EPT taxa.  

Some caddis fly EPT species occur in slow-flowing sediment compromised stream conditions. An 

examination therefore of species dominant in each stream community is desirable, and a knowledge 
of the tolerances of those species can be used to provide an understanding of conditions in 

comparative sub-catchments. 

The number of individuals present for each EPT species provides information of habitat quality, and 

is a consideration in the calculation of the Quantitative Macroinvertebrate Community Index, which 

is discussed below. Up to 350 Ephemeroptera were recorded on 3 out of 4 sampling occasions at the 
Jeffs Sullivans stream during the sampling period. At the Jeffs Upper Norwood site between 220 

and 580 Ephemeroptera were recorded on each of 3 occasions. This makes these regionally 
exceptional streams despite being subject to recent (Jeffs Upper Norwood) and ongoing (Jeffs 

Sullivan) residential development. Unfortunately these high numbers of both species and 

individuals are not present, post development, at the Jeffs Lower Norwood stream site, which is 
downstream of Jeffs Upper Norwood. The two Norwood sites have very similar mature native 

riparian forest, typically correlated with the presence of Ephemeroptera (ARC, 2008b). However, 

the lower site, which also has mature native forest in the riparian zone, is downstream of an off-line 
stormwater pond and wetland around which the stream section was reconstructed some four years 

ago. Zephlebia which is common in the Auckland Region where there is native riparian forest  
(ARC, 2008b) was found in this investigation in numbers of several hundred at Jeffs Sullivans and 
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 Jeffs Upper Norwood, but was absent at Jeffs Lower Norwood, and a single individual on one 

occasion was found at Point View.  

Urban development in the mid-catchment upstream of the Jeffs Lower Norwood site was nearing 
completion at the time of the 2008 stream sampling for this study. Landscaping of a large site of a 

multi-level school was being undertaken at that time. This suggests there have been water quality or 
hydrological impacts on the Jeffs Lower Norwood stream-reach, as other habitat requirements for 

Figure 9.7b: EPT taxa numbers versus numbers of all taxa per sample at sites in this investigation 

Figure 9.7a: Numbers of EPT taxa versus total numbers of taxa recorded during the Auckland 

Regional Council freshwater invertebrate programme 2003-07 (ARC, 2008b, Figure 14)  
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Ephemeroptera such as riparian native forest are present. However, the presence of the native forest 

at Jeffs Lower Norwood provided sufficient woody debris in the stream for the presence of 
Triplectides caddis flies, and so the habitat for EPT species is not entirely degraded here.  

Some species present at Jeffs Sullivans site such as Orthopsyche caddis flies, Austrosimulium black 

flies, and the biofilm grazer Austroclima mayflies, are more common in the Auckland Region in a 
hard bottom stream environment (ARC, 2008b). Orthopsyche are filter feeders that hold on to stony 

surfaces in flowing waters (ARC, 2008b) that are present in the Jeffs Sullivans sub-catchment. 

Future monitoring will show whether these species are retained when residential development has 
been completed in this sub-catchment.  

Streams in the countryside living cluster of sub-catchments do not at this stage give recordings for 
such high numbers of EPT. However there are occurrences at all sites of at least isolated individuals 

that place these among the 25% of Regional sites with EPT occurrences. Of special note are 

recordings of the Plecoptera (stoneflies) Acroperla at all countryside living sites, except Redoubt, 
with up to 25 individuals recorded on one occasion at the Regis 5 site and 50 at the Whitford site.  

The caddis fly species Polyplectropus, Triplectides, and Oxyethira are all well represented at 
countryside living sub-catchment streams. Oxyethira is a pollution tolerant purse caddis fly 

(Allibone et al., 2001b), but was recorded in the ARC 2001 survey in only 25% of streams and in 

numbers no greater than 6 per sample. Six individuals were found also at Redoubt in this 
investigation, Oxyethira was recorded in numbers up to 120 per sample at Regis sites.  Triplectides, 

which inhabits woody debris in streams (ARC, 2008b), was recorded in the 2001 Regional survey 
from only 6 out of 64 streams, all bush or urban boundary streams. Triplectides was present at 

Regis and Jeffs sites, but only in the latter did numbers rise to 42 in a single sample. 

Polyplectropus, a sensitive species which is a filter-feeder (ARC, 2008b), is present in both control 
countryside living sub-catchments, in numbers up to 50 on one occasion at the Redoubt site, and160 

per sample at the Whitford site.  

The number of EPT species present, and the very high numbers of individuals within a single 

sample indicate that with the exception of the control sub-catchment stream at Point View, all 

treatment sub-catchment streams are of high habitat quality for the Auckland Region. This finding 
reinforces the stream ecological benefits of the LIUDD approach to residential development. EPT 

species are not the only ones that provide information of habitat quality. The freshwater crayfish or 

Koura (Paranephrops planephrons), which was observed during this study at the Jeffs Sullivans 
stream site in December 2006, was recorded in only 2 out of the 64 stream sites in the Auckland 

Regional survey of 2001, but was recorded by (MCC, 2001)  as common at three upper Flatbush 
stream sites in 2001.  
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 Many other species are typical of the slow-flowing soft-bottomed streams that typify the Auckland 

Region. Understanding the significance of species occurrences in treatment versus control sub-

catchment streams within this study is aided by making a comparison (Table 9.4) with occurrences 

in the Auckland Region of these species. When referring to the sensitive taxa shown in grey in 

Table 9.4 Moore (2003) comments that in Auckland lowland stream samples two or more of these 

groups are likely to have come from sites characterised by good water quality.  

Within the residential cluster of sub-catchments there is poor representation of sensitive species 

both in the control sub-catchment of Point View and in the Jeffs Lower Norwood sub-catchment 

compared with the Jeffs Upper Norwood and Jeffs Sullivan stream sites. The Upper Norwood urban 

site, which has mature riparian forest and no piped stormwater inputs, has very good occurrences of 

five sensitive taxa that occur with very low frequency in urban sites throughout the Auckland 

Region. This contrasts with the two sensitive species referred to by Moore above. The Jeffs Lower 

Norwood stream reach, with mature riparian forest but downstream of an offline stormwater pond 

and wetland, has by comparison occurrences of only one sensitive species. Point View has 

occurrences of two sensitive species but not in ‘good numbers’ as suggested by Moore to indicate 

good water quality. 

Within the countryside living cluster of sub-catchments there is poor representation of sensitive 

species in the control sub-catchment of Redoubt, compared with all three other sub-catchments of 

Tiffany, Regis and Whitford. All the countryside living streams with the exception of Redoubt are 

home to Austrosimulium black flies that are filter feeders that typically hold on to stony surfaces in 

flowing water (ARC, 2008b). Numbers were particularly high in winter months when flows are 

highest.  

The conventional development control sub-catchment from the countryside living cluster, Redoubt, 

has the lowest occurrences of even the more tolerant species groups at the top of Table 9.4, 

compared to all other countryside living sub-catchment sites. Towns (1985, cited in Stark et al., 

1999) has stated that the fauna of New Zealand streams shows less seasonal variation in species 

presence than that of Northern Hemisphere streams, and the temporal absence of key species is 

related more to environmental disturbance than life history patterns. Towns did, however, 

recommend at least one winter and one summer sampling to provide a close approximation of taxa 

richness. In this investigation sampling of streams was carried out over a balance of summer and 

winter occasions, to remove bias due to season should there be a seasonal variation present. The 

median and range of taxa numbers at each site are shown in Figure 9.5. A plot of taxa richness by 

season is shown in Appendix E.5. 
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Taxa Landcare/ 

Harrison 
Grierson 
rural  

N=76 

NIWA/ 

ARC 
urban 
samples 

N=64 

Jeffs 
Upper 
Norw-
ood 

N=3 

Jeffs 

Sull-
ivan 

N=4 

Jeffs 

Lower 

Norw-
ood 

N=3 

Point 

View 

N=6 

Redoubt 

N=3 

Regis 

N=16 

Tiffany 

N=4 

Whitford 

N=2 

Oligochaete 
worms 

97 75 100 75 100 100 100 67 100 100 

Potamopyrgus 
snails 

78 77 33 100 100 100 100 100 100 100 

Cura flatworms 77 0 0 0 0 50 0 67 25 0 

Mites 73 0 100 50 66 66 100 100 75 100 

Orthoclad 
midges 

60 58 100 75 100 84 66 87 75 50 

Ostracod 
crustaceans 

55 14 33 75 66 100 0 94 75 50 

Xanthocnemis 
damsel flies 

52 63 33 75 100 0 0 18 75 50 

Physa snails 48 53 33 0 100 50 0 36 25 0 

Chironomus 
midges 

38 53 66 25 33 33 0 18 50 50 

Microvelia bugs 42 0 66 100 100 0 66 67 50 50 

Copepod 
crustaceans 

20 0 100 0 66 16 0 18 0 50 

Sigara 
waterboatman 

10 22 0 0 0 0 0 6 0 50 

Paralimnophila 
crane flies 

42 13 33 50 0 0 0 74 75 0 

Polyplectropus 
caddis flies 

32 8 100 100 33 16 100 43 75 100 

Acroperla stone 
flies 

29 2 0 0 0 0 0 6 0 50 

Hydrophilid 
beetles 

23 3 66 0 0 0 0 55 50 0 

Zephlebia may 
flies 

22 16 100 100 0 16 33 6 0 0 

Paranephrops 
crayfish 

19 3 0 25 0 0 0 0 25 0 

Psilochorema 
caddis flies 

15 3 33 75 0 0 0 50 50 100 

Neozephlebia 
may flies 

11 0 0 50 0 0 0 0 0 0 

Ptilodactylid 
beetles 

11 6 0 50 0 0 0 0 0 0 

 

9.3.3.5 Seasonal variation in macroinvertebrate data collected   
Table 9.4: Frequency of occurrence (percentage) in samples of species in Auckland Regional rural and urban streams 
(data from Moore, 2003:4-5) compared with frequency of occurrence in Flat Bush streams sampled in this 
investigation. N = number of samples. Taxa indicative of good water quality conditions are in the lower grey shaded 
cells of the table. 
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The sites of Regis and Point View have the largest data sets. Point View was sampled on the most 

occasions (6). Data from Regis covers the largest number of sites (4) and occasions (4) within a 

relatively uniform land use and catchment form. For the purpose of investigating seasonal trends 

data for Point View and Regis sites were plotted against season throughout the survey period  and 

examples are shown in Appendix E.5. The numbers of EPT individuals at combined Regis sites 

each season of sampling is shown in Figure 9.8. There was a strong presence of EPT species at 

Regis in the winter of 2006 that was repeated in the 

winter of 2008.  

Differences were evident in seasonal data collected 

over a three-year period (Figure 9.8). No effects of 

loss of summer flow in these ephemeral streams were 

evident. The small number of occasions sampled at 

each site provides insufficient data to determine 

significant differences between values for different 

seasons. Collection of data across seasons at all sites 

was a precaution in case of in-determinant seasonal 

differences for some parameters.  

 Macroinvertebrate community index: The macroinvertebrate community index (MCI) was initially 

developed for the detection of nutrient enrichment in hard-bottomed streams (Otago Regional 

Council, 2000), but it has gradually been adapted to wider use. Stream ecological health associated 

with MCI in hard-bottomed streams are shown in Table 9.5. 

Macroinvertebrate community index Stream ecological health in hard-bottomed streams  

Greater than 120 Reference quality 

Greater than 100 High quality habitat 

80 - 100 Good quality habitat 

Less than 80  Indicates that there is a habitat-limiting factor, such as, gross nutrient 
enrichment, warm temperatures, low dissolved oxygen, or smothering of 
the bed by sediment or algae. 

Table 9.5 The stream ecological health condition associated with the range of MCI values described for 
hard-bottomed streams (Adapted from data reported by the Otago Regional Council, 2000)  
 
Application of the MCI, developed for hard bottomed streams, to soft-bottomed streams in the 

Auckland Region resulted in weaker differentiation of good and poor quality (see Figure 9.9, left 

side). For example, reference quality soft-bottom streams typically scored an MCI of over 100 and 

very rarely if ever had an MCI greater than 120. Poor quality soft-bottomed streams had higher 

scores (80 or over) than poor quality hard-bottomed streams (<80) (Stark and Maxted, 2004; 

Figure 9.8: The percentage of individuals of all 
species that are of EPT species clustered by season 
for each Regis stream site 

 



 220 

Maxted et al., 2003 cited in ARC, 2004). The same difficulty was found with the Quantitative 

Macroinvertebrate Community Index (QMCI), which is 
discussed later. 

Adaptation of the hard-bottomed index for soft-bottomed 

streams led to the development of MCIsb and QMCIsb 
indices for soft-bottomed streams (Stark and Maxted, 

2004), the category into which most of the Flat Bush 

headwater streams fit. Changes to the scores and 
weightings assigned to individual species when 

calculating the indices were made. Stream ecological 
health associated with MCIsb scores are shown in Table 

9.6,  and these are compared with MCI in their application 

to Auckland Region soft-bottom streams in Figure 9.9 on the right side. The medians and 25th – 75th 
percentile for MCI and MCIsb in the Auckland Region are usefully differentiated by land use of the 

catchment. This figure shows how the new MCIsb index provides a stronger differentiation between 
good and poor quality streams.  

Table 9.6: The stream ecological health 
condition associated with the range of 
MCIsb values described by Stark and 
Maxted (2004: 21) 

Macroinvertebrate 
community index soft-
bottom 

Quality of habitat 

Greater than 120 Excellent/ 
reference 

100 - 120 Good 

80 - 100 Fair 

Less than 80  Poor 

 

Figure 9.9: Boxplots of MCI and MCIsb for soft-bottomed stream samples in seven land-use classes 
in the Auckland region; box = 25th – 75th percentile, whiskers = 5th – 95th, + = outliers (Stark and 
Maxted, 2004, Figure 2). Key to land uses: R = reference, MF = mature exotic forest, IF = immature 
exotic forest, LR = lifestyle (partial) rural, FR = full rural, PU = partial urban, FU = full urban. N = 
number of macroinvertebrate samples. Dashed horizontal lines indicate quality thresholds for 
interpretation of MCI and QMCI values.  
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MCI values from different organisations cannot always be compared (Otago Regional Council, 

2000:21). However, the method used by the author is the standard method  for soft-bottomed 

streams that has also been used in the collection of comparable data from the Auckland Regional 

Council and Landcare Research Ltd. 

Due to the availability of comparable Auckland regional data, both MCI and MCIsb indices have 

been calculated for this thesis, and the median and range recorded at each site for each index is 

shown in Figure 9.10 and a comparison with regional data is made in the following sections. 

 

Figure 9.10: Median macroinvertebrate community indices both standard and soft-bottom 

 versions for all sites   

The largest differences between the two indices occurs at Jeffs Upper Norwood, Point View and 

Redoubt, particularly the latter. The least difference is at Jeffs Norwood Lower, which was sampled 

at a stream reach with some hard-bottomed character. The differences between treatment and 

control sub-catchments, in both residential and countryside living clusters, is reduced by the use of 

the soft-bottomed index, rather than by the use of the standard MCI index. 

The residential stream sites in Figure 9.11 indicate a clear differentiation between degraded (Lower 

Norwood; Point View) and healthy sites (Upper Norwood; Sullivans). Values for Jeffs Upper 

Norwood place this stream reach in a quality well above even the best outliers of regional urban 

sites in Figure 9.9. Even Jeffs at Lower Norwood lies at the 75th percentile for urban catchment 

streams. Differences between sites are much less clear for the countryside living sub-catchment 

streams where there is overlap between the data ranges, and sample numbers are too small to 

differentiate between sites. The MCI index takes into consideration the diversity and sensitivity of 

taxa present, but it does not, unlike the QMCI, discussed later, consider the numbers of individuals 

present within each taxa. This is particularly relevant when assessing the Redoubt stream, which has 
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very low numbers of sensitive species.  

Figure 9.11: Median and range of macroinvertebrate community index (soft-bottomed) calculated for all 

stream sites. Sites to the left of the graph are in the residential cluster and those to the right are in the 

countryside living cluster.  

Macroinvertebrate community index (MCI) and taxa richness in an Auckland regional context: 

Figure 9.12 shows the MCI for the streams of sub-catchments investigated for this thesis, plotted 

against the number of taxa for that stream. Results for all samples have been plotted individually, 

and points on the graph are differentiated by the land use category of the sub-catchment. This figure 

shows visually the relativity of sites and land use classes, using two separate indices of 

macroinvertebrate community health. The degradation of the Point View community relative to the 

Jeffs stream sites is clear. Point View scores poorly on both indices. The Jeffs Sullivan sub-

catchment and Jeffs Upper Norwood score strongly on both indices although the range in the 

number of taxa is wide. The Jeffs Lower Norwood sub-catchment lies between the two extremes.  

Within the countryside living cluster of sub-catchments, MCI scores are relatively consistent, with 

most falling in the 80 – 100 range. The variance in the number of taxa recorded is by contrast very 

wide, but shows Tiffany as the strongest, and Redoubt (control sub-catchment) as the weakest. The 

scatter plot of Figure 9.12 can be compared with  the plot of regional data in Figure 9.13 (Moore, 

2003). Both plots are on the same scale, so that a direct comparison can be made. Note how strong 

many of the treatment sub-catchment streams of Flat Bush are in terms of taxa richness, compared 

with the regional data. The range of MCI scores for the Flat Bush streams lies predominantly in the 

80 – 100 band, whilst urban streams of the region in Figure 9.13 mostly lie in the 60 – 80 MCI 

range. All of the Jeffs sub-catchments and countryside living catchments lie beyond the top of the 
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range for regional urban sites. Point View stream (conventional control) by contrast lies in the 

centre of the normal urban range for the Auckland Region.  

In Figure 9.14 the residential cluster of sub-catchments have been plotted alone using the same two 

indices and on the same scales. Different colours differentiate points from the contrasting sub-

catchments. A clear clustering of points for each site further demonstrates the quality scores for 

Jeffs Sullivans and Jeffs Upper Norwood and the low scores for Point View. This indicates again 

that the Jeffs Lower Norwood site is degraded relative to the other two Jeffs sites but not as 

degraded as the control site at Point view.  

Soft-bottomed macroinvertebrate community index (MCIsb) and taxa richness in a regional 

context: A 2008 report on Auckland regional data (ARC, 2008b, Figure 24: 41), shows the 

clustering by land use of points on a plot of MCIsb versus number of taxa. Urban points on this 

graph occupy the red oblong shown in Figure 9.15, upon which Flat Bush sub-catchment data are 

plotted, differentiated by site. The bulk of the Flat Bush points that fall within the co-ordinates of 

points from urban sites in this regional survey are from the control sub-catchment Point View. A 

comparison of Figure 9.15 using MCIsb, and those above (Figures 9.12 - 9.14) using MCI leads to 

similar conclusions. 

Quantitative macroinvertebrate community index: As explained above a QMCI index for soft-

bottomed streams was developed by Stark and Maxted (2004). Comparison is made in Figure 9.16 

between the original QMCI developed for hard-bottomed streams, and the QMCIsb when both are 

applied to soft-bottomed streams in the Auckland Region. Note the QMCI and QMCIsb and 25th – 

75 th percentile ranges for full and part urban sites. These are compared with values for the 

residential cluster of sub-catchment streams in Table 9.7. This demonstrates the high values 

recorded for Jeffs Sullivans and Jeffs Upper Norwood by comparison with both regional norms and 

indices for Jeffs Lower Norwood and Point View, that are in the normal range for urban streams, 

but in the top 25 th percentile. 
 Auckland 

Region 2003-
07 Full urban 

Auckland 
Region  

Part urban 

Jeffs Sullivans 

Part urban 

 Jeffs Upper 
Norwood 

Full urban 

 Jeffs Lower 
Norwood  

Full urban 

 Point View  

Full urban 

QMCI 4 (3.5 – 4.5) 4.3 (>4 - 5) 6.12 (5.6-6.4) 6.22 (3.4-6.4) 3.99 (3.9-4.1) 4.02 (1.9-3.8) 

QMCIsb 2.5 (2 – 3) 3.0 (2 –4.5) 6.46 (5.4-6.9) 7.41 (4.6-8) 3.23 (2.4-3.3) 3.42 (3.2-3.8) 

 

Residential QMCI: A comparison of regional QMCIsb values in Figure 9.16 (Stark and Maxted, 

Table 9.7: Quantitative Macroinvertebrate Index (hard and soft bottomed -sb) –comparison of values for the Auckland 
Region (median and 25-75 percentile; Stark and Maxted, 2004) and Flat Bush (median and range).  
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Figure 9.13: Macroinvertebrate community index versus number of recorded taxa for 35 streams in the 
Auckland Region (Moore, 2003). 

Figure 9.12: All sites sampled in this thesis for macroinvertebrate community index (not soft-bottomed) 
versus number of all taxa. Landuse: red – urban, blue – countryside living, green – bush/pasture mix. 

Figure 9.14: Macroinvertebrate community index (not soft-bottomed) versus number of taxa for 
residential sub-catchments. Colour specific to site. 
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Figure 9.16: Boxplots of QMCI and QMCIsb for soft-bottomed stream samples in 

seven land-use classes in the Auckland Region; box = 25th – 75th percentile, 

whiskers = 5th – 95th, + = outliers (Stark and Maxted, 2004, Figure 2) with median 

values for Flat Bush and adjacent sites superimposed (see Figure 9.17  for medians 

and ranges). Key to land uses: R = reference, MF = mature exotic forest, IF = 

immature exotic forest, LR = lifestyle (partial) rural, FR = full rural, PU = partial 

urban, FU = full urban. N = number of macroinvertebrate samples. Dashed 

horizontal lines indicate quality thresholds for interpretation of MCI and QMCI 

values. 

 
 

 
 

 
 

Jeffs Upper 
Norwood 
 
 
Jeffs 
Sullivans 
 
 
Jeffs Lower 
Norwood and 
Point view 
 

Figure 9.15: Comparison of Flat Bush and Auckland Regional distributions for MCIsb and 
number of taxa. The red oblong shows the limits of the area occupied by Regional points 
(ARC, 2008b, pp41) from over 40 samples collected from urban locations in the period 2003-
07 
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2004) with the same index for the sites investigated in this study shows that the LIUDD sub-

catchments of Jeffs Sullivans and Jeffs Upper Norwood fall into the stream health quality class 
equivalent to native bush covered (reference) sub-catchments of the Auckland Region. Jeffs Lower 

Norwood and Point View, however, fall into the class typical of full urban sub-catchments of the 

Auckland Region. 

Countryside living QMCI: QMCIsb values for the countryside living sub-catchments place Regis, 

Tiffany, and Redoubt among the very best of the partially urban sites of the Auckland Region. 

Using QMCIsb the author cannot at the 
present time determine any difference 

between ‘treatment’ and ‘control’ sub-
catchments in the countryside living cluster. 

Whitford, which contains riparian forest 

equivalent to, but more mature by 6-8 years, 
than that in Regis, is classed by QMCI 

regional values as far superior to the stream 
quality of rural or immature exotic forestry 

sub-catchment streams, and its ecology is in 

the range of streams in native forest 
reference sub-catchments. The Whitford sub-

catchment was included in this study to provide a pointer to the possible influence of maturing re-
created native forest upon Regis stream health in the future. The indications are positive.  

A comparison with MCIsb values (Figure 9.18), and the contribution made by EPT taxa. helps to 

explain QMCI values, and changes in invertebrate community structure, in relation to land use. 
Redoubt, which is the control sub-catchment for the countryside living comparison, has high MCIsb 

but lowered QMCIsb. Redoubt stream has a habitat of sufficient quality to support average species 
diversity, but community structure indicates a domination by individuals of some pollution-tolerant 

species, that is, there are clear indications of habitat degradation. 

Understanding of the relative degradation of treatment and control streams in the residential sub-
catchments is improved by the plotting of taxa richness against the quantitative macroinvertebrate 

community index (Figure 9.19). Points for individual streams cluster, and it can be seen that Jeffs 

Lower Norwood is not in all respects as degraded as the conventionally developed Point View sub- 
catchment. Lower Norwood currently has a low QMCIsb, but it does not have low taxa richness, 

that is, there is little loss of sensitive species, but the community composition is likely to be 
dominated by large numbers of individuals of more tolerant organisms. The question is whether this 

Figure 9.17: Median and range for QMCIsb at all 
sub-catchments investigated in this study 
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invertebrate community composition will have a higher representation of individuals of sensitive 

species once construction in the lower sub-catchment is completed. 

The degree to which the presence of EPT species, rather than, large numbers of EPT individuals as 

the likely agents in elevating QMCIsb scores, can be demonstrated with the help of Figures 9.20 
and 9.21. The plot of the proportion of taxa that are EPT against QMCIsb is very dispersed, whereas 

 
Figure 9.19: The relationship between taxa richness and quantitative macroinvertebrate community 
index. Points represent results from a single sampling. 
 

 

 
Figure 9.18: The relationship between soft-bottomed versions of macroinvertebrate community 
index, and quantitative macroinvertebrate community index, with points identified by sites at Flat 
Bush and adjacent control sub-catchments. 
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that for the proportion of individuals in a sample that are EPT plotted against QMCIsb, is a much 

tighter relationship.  

9.3.4 Habitat quality influence upon invertebrate community health 

The Auckland Regional Council developed “Habitat quality assessment” criteria to be scored in the 

field. The criteria are shown in Appendix E.2, along with calculated habitat quality indices for Flat 

Bush sub-catchments in Appendix E.3. The criteria include only characteristics of the stream itself 

and riparian vegetation. There is therefore no inclusion of influences of the catchment itself or its 

condition other than those of the riparian zone, as included in the ARC’s methodology for assessing 

habitat quality. As catchment condition has a considerable effect upon stream habitat condition (see 

Chapter 3), the ARC habitat quality index is therefore incomplete. The Auckland Regional Council 

has itself critiqued the index (ARC, 2008b: 55) and found it to be inadequate. The Council has from 

2008 replaced the index with the “Stream Ecological Valuation” (SEV) method (ARC, 2008a; 

Rowe et al. 2005). The SEV assesses the performance 

of 16 functions, and gives a stream a score between 

zero and one. These functions include natural flow 

regimes, and the connectivity of the stream to flood 

plains and groundwater, the processing of minerals, 

particulates and water chemistry, the range and quality 

of habitat for biota both instream and riparian, and the 

presence of that native biota (Neale, 2008a; Neale, 

2008b; ARC, 2008a). The inclusion of hydrological 

and biogeochemical functions in SEV, means that it 

incorporates or takes account of the influences of the 

catchment upon stream ecological function.  

Nevertheless, despite the methodology’s weaknesses, 

the habitat quality index is still applied here on the 

basis that it provides for a comparison between 

Regional and Flat Bush data sampled during the same 

period by the author.  This provided some useful 

insight for the analysis.  

In the section that follows the relationship between 

MCIsb and the ARC habitat quality index for the Flat 

Bush sub-catchments is examined relative to the 

Auckland Regional data sets compiled from freshwater sampling during two separate time periods, 

that is, 2000 – 2004 (Figure 9.22), and 2003- 2007 (Figure 9.23).  

 Figure 9.21: The proportion of individual 
organisms in a sample that are EPT versus 
quantitative macroinvertebrate community 
index. Points by site. 
 

Figure 9.20: The proportion of taxa in a 
sample that are EPT versus quantitative 
macroinvertebrate community index soft 
bottomed. Points by site. 
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Slightly different conclusions result from these two comparisons. Comparison with the 2000-2004 

survey (Figure 9.22) shows that the Flat Bush streams sampled in this investigation are typically of 

a higher quality than average streams of the region in the same land use category. This is 

particularly true for Jeffs Upper Norwood sub-catchment. As an urban stream it is located within 

close proximity of the regional native bush reference stream sites. The countryside living sub-

catchment streams from Flat Bush come close to the range for rural and lifestyle regional sites, 

showing little consequence for the aquatic and riparian ecology of the low-density urbanisation that 

has occurred.  

Comparison was then made with the 2003-07 survey reported by Moore and Neale (ARC, 2008b: 

34), for the Auckland Regional Council. The ellipse in Figure 9.23 shows the approximate limits of 

the urban scatter plot for over 40 paired regional values sampled 2003-07. Also plotted on Figure 

9.23 are the medians for the Flat Bush sites in this paired-catchment study. The comparison 

demonstrates how these sub-catchment streams, with the exception of Point View, score in the top 

third of regional urban streams, and the streams of Jeffs Sullivan, Jeffs Upper Norwood and Tiffany 

have outstandingly high habitat scores. Redoubt has an average habitat score and Point View is in 

the lower quartile for urban sites in the region.  

A comparison of QMCIsb data from Flat Bush streams sampled and the Auckland Regional data for 

2000 – 04 (ARC, 2004a), indicates the exceptional regional status of the Jeffs Upper Norwood and 

Jeffs Sullivans sites that lie within the ellipse for native bush reference sites. This occurs even  

 
Figure 9.22: Median MCIsb versus habitat quality index for Flat Bush sites as in legend. 
Coloured ellipses represent the approximate limits of the Auckland Regional data in different land 
use categories as reported by Stark and Maxted (2004, Figure 8: 32) for 41 soft-bottomed sites 
between 2000 and 2004. The red ellipse represents urban stream sites, the blue ellipse represents 
rural and lifestyle stream results, and the green ellipse encloses native bush reference stream data.  
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though Jeffs Upper Norwood sub-catchment has a land cover that is greater than 70 percent 

residential. The relatively degraded Jeffs Lower Norwood stream reach appears in Figure 9.24 to 
still be  superior to the best of urban streams.  

 
Figure 9.23: Median MCIsb versus Auckland Regional Council Habitat Score for Flat Bush sub-catchment 
stream sites in comparison with the spread of Auckland Regional data reported by Moore and Neale (ARC, 
2008b, Figure 17) for soft-bottomed urban sites only. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Approximate 
spread of 
Auckland 
Regional data 
(ARC, 2008b 
pp34) 

QMCIsb versus ARC habitat quality index - 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 20 40 60 80 100 120 140 
ARC habitat quality index 

QMCIsb 

Jeffs Sullivans 
Jeffs Upper Norwood 
Jeffs Lower Norwood 
Point view 
Redoubt 
Whitford 
Tiffany 
Regis 

Figure 9.24: Median QMCIsb versus Auckland Regional Council habitat quality index for Flat 
Bush sites. Coloured ellipses represent approximate limits of Auckland Regional data in 
different land use categories, as reported by Stark and Maxted (ARC, 2004a:32, Figure 8), for 
41 soft-bottomed sites, between 2000 and 2004. The red ellipse represents urban stream data, 
blue ellipse represents rural and lifestyle stream data, and the green ellipse encloses native bush 
reference stream data.  
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9.3.5 Comparison of stream ecology across sub-catchments within a single countryside living 

LIUDD site: Regis - present and future monitoring  

Regis Park sub-catchment streams and terrestrial 

riparian ecology have been compared in this thesis 

with the ecology of the Redoubt and Tiffany 

countryside living estates. In future, however, 

Regis Park provides an opportunity for monitoring 

the influences of different intensities of housing, 

and rain-garden installation, across the four sub-

catchments. There will also be the opportunity 

during the next decade to monitor the effects of 

sewage effluent irrigation within one sub-

catchment (Regis 5), by comparison with other 

sub-catchments of Regis Park. The data reported 

on in this thesis is a baseline for investigating 

future change when house construction and 

infrastructure installation are completed. Figures 

9.25 to 9.26 show a comparison of the median and 

the range of stream ecology parameters for Regis 

sites only. Significant differences between sites 

cannot be determined from this small dataset, but 

the plots for different parameters show similar 

tendencies to better quality in Regis 2 and Regis 5 

compared with Regis 3 and 4, that could be further investigated.   

 
9.4 Concluding comment 

 
Within this chapter, stream ecosystem condition in a number of sites has been examined and 

compared with Auckland Regional norms. High summer temperatures may limit some EPT species, 

in Regis streams. By contrast, shading of many other streams investigated keeps these species cool. 

There was no evidence that dissolved oxygen concentrations or pH values were limiting to 

macroinvertebrate species in streams. All treatment sub-catchments, including the Jeffs Lower 

Norwood stream reach, have a very high taxa richness by Auckland Regional standards. This is not 

true for waterways in the conventionally developed sub-catchments. The proportion of stream 

macroinvertebrate species that are sensitive EPT  is much higher in the treatment sub-catchments 

Figure 9.25: Median and range for MCIsb for four 
Regis streams 

 

Figure 9.26: median and range of QMCIsb for 
four Regis streams 
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than in the control for the residential sub-catchments. There is a high occurrence, by regional 

standards, of EPT species in the Flat Bush sites of this investigation in all streams except Point 
View, which has been subject to conventional development and stream piping. It is unclear whether 

the stream ecosystem degradation downstream of the offline stormwater pond in the Jeffs Norwood 

catchment is due to recent construction effects in the neighbourhood, or to the effects of the 
stormwater pond. All treatment sub-catchment streams are of high habitat quality for the Auckland 

Region. A comparison of QMCIsb values shows that the sub-catchments of Jeffs Sullivans and Jeffs 

Upper Norwood fall into the stream health quality class equivalent to those streams in the native 
bush sub-catchments of the Auckland Region. 

As findings from Chapters 7, 8 and 9 are closely interdependent they are now presented and 
interpreted in Section 10.4 of the following Chapter.  
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Introduction to Part IV 
 
 
The subject matter of the thesis spans a wide field from theory, to strategic planning, to district 

council implementation, and finally, to the monitoring of the ecological efficacy of this 

implementation. Chapters within the thesis deal with these issues sequentially and conclusions are 

drawn at each step.  
 

What remains to be achieved in Part IV is both a synthesis of findings from Parts I to III, and an 

examination of the potential of LIUDD both spatially and temporally. The spatial dimension 

addresses the opportunities offered by scaling LIUDD up from the catchment to the regional scale. 

The temporal issues addressed examine LIUDD as a means of slowing cumulative degradation of 

both aquatic and terrestrial environments. In conclusion, Part IV reviews and addresses the research 

questions presented at the beginning of the thesis, acknowledges some research limitations and 

highlights the significant contributions to knowledge. The Part finishes with a comment on future 

research opportunities.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 236 

 



 237 

CHAPTER 10 
 

PROSPECTS FOR LIUDD 
 

10.1 Introduction 
 
This research has examined the implementation of an alternative approach to urban development. 

To address the topic, the thesis developed a set of principles and methods to guide policy 

development and implementation, reviewed case studies where LIUDD policies and practices had 

been applied and reported on site-specific monitoring of selected sub-catchments. The chapter 

reviews the research questions that shaped the investigation and reflects on the potentialities of 

LIUDD for widespread application.  

LIUDD will only be effective ecologically if uptake is widespread throughout each region and 

therefore the practicality and potential effectiveness of scaling up LIUDD from catchment to region 

is explored. The merits and practicalities of implementation of the Principles and Methods 

Framework are traversed. Of particular importance, in the review of the research questions is the 

response on the ecological efficacy of LIUDD that brings together the findings of Chapters 7, 8 and 

9.  The chapter ends with a reflection upon sustainability that forms the context for LIUDD and this 

thesis.  

 

10.2 Scaling up LIUDD from Catchment to Region 
 

10.2.1 The catchment: an appropriate spatial framework for LIUDD   

The suitability of the catchment as the dominant spatial unit for LIUDD was investigated in Chapter 

3. The catchment is ‘coming of age’ in New Zealand as a preferred unit of design and management. 

However, it is yet to become the common spatial unit of urban site selection, urban design, 

construction, monitoring and management. Currently only engineers and hydrologists use the 

catchment in everyday practice. The ICM approach is very adaptable in seeking clarity on and 

solutions to problems that arise amidst highly complex interactions. ICM, if implemented as part of 

urban design and management, would improve both terrestrial and aquatic ecosystems thereby 

meeting expectations for environmental quality by local communities. 

ICM is increasingly being recognised as the context within which to understand and intervene in 

causal relationships that drive resource degradation in receiving waters and catchments over long 

periods. The Albany Basin – Lucas Creek case (Chapter 3) suggests that science professions are 

inadequately engaged in strategic planning and decision-making. It also suggests that science 

findings are inadequately or too slowly incorporated into planning decisions and policy. Evidence 
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suggests that responses by councils to land use derived cumulative environmental effects need to be 

faster, clearer and backed by ongoing monitoring to prove effectiveness. Understanding causal 

relationships enables avoidance of long-term receiving water problems most often caused by 

changes in the hydrological regime, eutrophication, sedimentation or contamination. These 

processes are in turn driven by catchment conditions that can be managed through fulfilment of the 

statutory obligations of district and regional councils under the Resource Management Act 1991 

and the Local Government Act 2002, to minimise effects.  

Downstream effects, once identified, can be remedied or avoided in future through decisions on 

location, design and management. Avoidance results from site selection for greenfield development, 

and assessment of the urban density that is practical within the ecological carrying capacity of the 

catchment and its receiving waters. LIUDD operates across a series of spatial scales from individual 

lot to region. Of these scales the catchment is the most important as an integrating context for 

design, construction and maintenance of urban and countryside living developments.  

10.2.2 Regional biodiversity benefit 

The primary objective of the following discussion is to show the potential of LIUDD to provide 

regional scale ecological benefits. The thesis has demonstrated ecologically appropriate catchment 

approaches to facilitating urban growth and revitalisation but this can be scaled-up to anticipate 

how these catchments can collectively and cumulatively contribute to the region-wide retention or 

restoration of terrestrial and aquatic ecosystem networks and processes. As discussed in Chapters 3 

and 10, catchments sit within a hierarchy of spatial scales from lot to region. Riparian forest 

restoration of adjoining catchments contributes to a mosaic of urban and peri-urban forest remnants 

increasing in density and connectivity with each restoration project, to form regional indigenous 

forest corridors that enhance biodiversity outcomes in terrestrial, fresh water and marine 

environments.      

Located at or beyond metropolitan urban limits, countryside-living areas have over the last 60 years 

in New Zealand been typically divided into equal lots up to 4 hectares in area (Chapter 6, Figure 

6.5). This grid-based subdivision process exacerbates pastoral ecological damage by increasing road 

and access-way cuttings, spreading earthworks for building sites across the landscape, and further 

destroying or fragmenting bush remnants and wetlands. LIUDD principles need to be upheld at this 

initial subdivision phase.  As an alternative to this conventional approach, LIUDD (Figure 6.6) 

would, as already demonstrated in this thesis, provide for the clustering of houses, protection and 

restoration of vegetation on steep catchment-headwater slopes, riparian zones, and wetlands and the 

retention of intermediary lands in productive uses that are sympathetic to biodiversity objectives.   
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A successful countryside living example of such an approach is Regis Park (Chapter 7) where the 

proportion of this development re-vegetated in native trees is approximately 60 percent. Regis Park 

lies on the upper ridgeline of the Flat Bush catchment where the Manukau City District Plan (2002) 

Variation 13 (as outlined in Chapter 6) requires that stream riparian corridors and wetlands be 

protected and progressively re-vegetated.  

The descriptions of sub-catchments in Chapter 7 and the riparian forest assessments for Regis, 

Redoubt and Tiffany and Jeffs sub-catchments, reported on in Chapter 8, provide an indication of 

progress with this re-vegetation. In Chapter 8 differences in terrestrial biomass in riparian corridors 

of LIUDD versus conventional developments have been indicated by the example of the LIUDD 

residential and countryside sub-catchments compared with the conventional Point View sub-

catchment. Biomass is indicated by mean basal area of trees per hectare and that for Jeffs Norwood 

sub-catchment is 800 times higher than for Point View, and basal areas for nearby less mature 

LIUDD countryside living sub-catchments, like Regis, are up to 180 times that of Point View. The 

re-vegetation of stream corridors in the lower parts of Flat Bush catchment will also eventually 

create a contiguous indigenous habitat within this relatively high-density housing area. This is at a 

scale not seen before in New Zealand greenfield developments of this density. The vision of 

Manukau City planners and engineers in Flat Bush is slowly becoming a reality as developers and 

residents respond to the wider concept. An examination of forest remnants in the northern and 

eastern adjacent catchments, that is Turanga and in particular Mangemangeroa, in relation to 

prospective re-vegetation of the Flat Bush ridgeline, reveals the opportunities for re-creating larger 

scale forest corridors.  

As shown in Chapter 6 another example that provides a lead in the Auckland Region is Long Bay 

where there is a comprehensive design for the urbanisation of the Vaughan’s Stream catchment 

(NSCC, 2006a) with residential lot sizes in general declining from catchment headwaters to lower-

catchment stand-alone houses or medium-rise apartment complexes. The layout facilitates the 

preservation and re-creation of high quality indigenous forest areas in riparian corridors on public 

land and in headwaters on predominantly private lands, and the establishment of weed and pest 

control regimes throughout the catchment. Maintenance of the headwater large-lot size is vital for 

future ongoing ecological and hydrological functionality of this planned development. This will 

increase both the coverage and quality of terrestrial habitats whilst accommodating no fewer 

households than a conventional subdivision covering the same area.  

The Vaughans Stream catchment forms terrestrial habitat continuity with catchments that include 

those of the Okura estuary and Lucas Stream, which contain extensive areas of indigenous 

vegetation in both public and private ownership. The Long Bay re-vegetation may contribute to the 
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North-West Wild-link Corridor restoration project (NWWA, 2006). These examples demonstrate 

the opportunities provided by the LIUDD approach to contribute to the re-creation and linking of 

forest remnants across regional scale landscapes. 

The scaling up from catchment to region of the ecosystem benefits of LIUDD is equally relevant for 

aquatic ecosystems as it is for terrestrial ecosystems discussed in Chapter 8. New Zealand estuaries 

in urban areas, particularly in large cities like Auckland, are subject to the gradual accumulation of 

toxins largely of stormwater origin (ARC, 2003a) and it is projected that by the year 2030 

concentrations of heavy metals such as zinc will reach ecologically critical concentrations in 

benthic sediments in at least the Waitemata Harbour (ARC, 2004b). LIUDD Principles and 

Methods (Chapter 4) target the minimisation and containment of stormwater contaminants within 

catchments. Reduced runoff combined with stormwater device ‘treatment trains’ ensure that the 

bulk of contaminants (80 – 90% for some contaminants) either never enter stormwater flows or are 

removed within treatment devices or wetlands. LIUDD implementation within greenfield 

developments such as Flat Bush, and in the current renewal of brownfield sub-catchments such as 

Talbot Park in Glen Innes, cumulatively contribute to a reduction in contaminants such as zinc 

entering Tamaki Estuary. This regional scale estuary has some of the worst benthic sediment 

contamination in the Auckland Region (ARC, 2003a) with zinc concentrations in fine sediments in 

the upper estuary exceeding the 150mg/kg concentration criterion thereby indicating unhealthy 

conditions for benthic estuarine communities. A temporal (50 year horizon) as well as spatial spread 

of LIUDD uptake over all urban sub-catchments of the Tamaki Estuary offers promise of a long-

term reversal in the current cumulative contamination, or if not a reversal a buying of time to delay 

the date when ecologically critical thresholds will be reached. This additional time might usefully 

be employed in determining the means of preventing at-source generation of these contaminants.   

In an estuary such as the Tamaki, it is not only the benthic community that will benefit from the 

application of LIUDD in the catchment. Estuarine fish that spend part of their life cycle in 

catchment headwater streams will benefit from good water quality and abundant macroinvertebrate 

food supply in forest lined un-piped streams free of fish barriers.  

The cumulative benefit of LIUDD in sub-catchments of the Tamaki Estuary could be scaled up to 

demonstrate the benefits for the Waitemata Harbour and the Hauraki Gulf of LIUDD in sub-

catchments throughout the eastern half of Greater Auckland (van Roon and van Roon, 2009). The 

Hauraki Gulf with its Marine Park (Chapter 3.15) demonstrates how Integrated Catchment 

Management operates in a cascade of embedded catchment scales from local to regional (van Roon 

and van Roon, 2009). The Hauraki Gulf is highly valued as a regional receiving-water, subject to 

the cumulative discharge effects from a multiplicity of sub-catchments. It is the cumulative benefit 
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of LIUDD implementation in small sub-catchments of the Gulf, examples of which are discussed in 

Chapters 5 and 6, that will determine the sustainability of the Gulf as an ecosystem. Policy change 

for the uptake of LIUDD needs to be swift to avoid future repetition of estuarine degradation 

demonstrated to have occurred in a Hauraki Gulf sub-catchment (Lucas Creek, Chapter 3.13) for 

decades after the science was understood. Parallel examples of cascading catchments exist around 

New Zealand. For example, the careful LIUDD-based design of greenfield developments in Taupo 

West (Chapter 6) could contribute to a holistic vision for the prevention of the degradation of Lake 

Taupo (Chapter 3.9). 

10.2.3 Concluding comments regarding ecological scales and networks in LIUDD                        

The aquatic and terrestrial elements of ecosystems are explicitly linked and both will need to be 

considered to design a successful ecological network. Improvements to one will benefit the other 

and large-scale gains can be made in both through the integration of small-scale projects into a 

wider framework. Just as a terrestrial network of forest fragments can be created, the combined 

improvement of many individual small streams could create strong benefits both to groundwater 

conditions and large water bodies both fresh and marine.  

There is a need to create a terrestrial ‘ecological network’ made up of large forest patches of high 

ecological value connected by smaller ‘stepping-stone’ patches that increase the permeability of the 

landscape. Patch size and shape are critical considerations and some patches may need to be up to 

50 hectare in area to ensure long-term survival of some species. However large patches may not be 

able to maintain ecological processes or ensure population viability in the long term if considered in 

isolation and therefore the need for stepping-stones and riparian corridors (van Roon and Rigold, 

2006). 

LIUDD uptake at the rural-residential (or countryside living) stage is essential to preserve or even 

re-create these larger patches. This is in addition to the protection and restoration of riparian 

corridors, and the removal of fish barriers, that may provide some of the connectivity and 

permeability through both forests and stream networks. LIUDD style developments such as 

Owhanake and Flat Bush that have achieved re-vegetation rates of 60 percent around natural 

streams may facilitate the movement of individuals of species across the region by greatly 

increasing its permeability. If there is a future transition to urban densities for these re-vegetated 

developments, this intensification needs to be achieved with minimal increase in building footprint 

or paving and with protection of restored terrestrial and aquatic ecosystems. Research reported 

above established the scales within which LIUDD is possible, and this was a prerequisite for 

development of the LIUDD Principles and Methods framework.   
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10.3 LIUDD: a policy and management framework to provide guidance for implementation   
 
10.3.1 The Definition of LIUDD and the Framework 

The LIUDD Principles and Methods framework (Chapter 4) is a major contribution of this research.   

LIUDD Principles conform to the paradigms of ecocentrism, and holism, recognising complexity 

and working within systems such as catchments. The LIUDD Principles and Methods form a 

holistic and strategic framework that can provide guidance to all professions contributing to urban 

design and construction. It gives guidance to policy development and may be used as a checklist for 

sustainable design and construction. The framework identifies practical methods that enable design 

implementation. LIUDD is one of a range of practices in New Zealand that can make a significant 

contribution towards the process of sustainable development. 

The publication of the New Zealand Urban Design Protocol (MfE, 2005) immediately after the 

formulation of the LIUDD Principles and Methods, added a new incentive to strengthen the 

relationships of LIUDD with urban design, sustainable design and planning. In addition, the uptake 

of LIUDD principles and practices requires greater awareness by practitioners of the importance of 

catchments (Chapter 3) as an appropriate unit for planning and assessment purposes (van Roon and 

van Roon, 2009; van Roon et al., 2005). The capacity of practitioners to understand the complexity 

and importance of ecological processes (van Roon and Knight, 2004) needs to be increased if 

LIUDD is to be incorporated into local government processes including plan-making. There is a 

need to both raise awareness of how ecological processes contribute to the design and operation of 

cities, and of the opportunities to work with ecosystem processes to help city infrastructure operate 

more efficiently than it does at present. These natural processes have largely been ignored in the 

past. This is a primary driver of LIUDD principles. 

10.3.2 Greenfield and brownfield developments demonstrate how LIUDD principles and methods 

can be applied   

Application of the LIUDD Principles and Methods framework to a range of case studies shows that 

they are applicable to both greenfield and brownfield environments, to countryside living and urban 

environments, and to a range of development densities. All cases are only partially compliant with 

the framework.  

Compliance with the framework tends to be higher in greenfields and established developments that 

are situated close to or beyond metropolitan urban limits where they are forced to achieve a degree 

of self-sufficiency with respect to the water cycle, and where a lack of urban infrastructure or 

accessibility is a stimulus for innovation in design and servicing. These examples have less 

difficulty and incur fewer costs than central city developments in making space for technologies 
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and ecosystems that are needed to achieve ‘water sensitive’ or ‘low impact’ objectives. Compliance 

with many of the LIUDD principles is possible over time (say 50 years) during the redevelopment 

of brownfields like New Lynn, lot by lot, and as infrastructure (such as roads and stormwater 

systems) needs replacement.  

The application of LIUDD Principles and Methods across the selected case studies also shows that 

in New Zealand, although there is a high frequency of implementation of many of the design 

concepts and green-construction methods, catchments are rarely used as a design unit. In addition 

there is very poor compliance with appropriate site selection for urban growth in relation to the 

avoidance of environmental degradation. Cross case analysis reveals commonalities and differences 

that provide feedback on the cases as well as the appropriateness and comprehensiveness of the 

principles.  

The examination of case studies from the Netherlands and Australia, where there are unique 

biophysical constraints and settlement histories different from New Zealand, showed that the 

LIUDD framework can be applied internationally, and that these countries have some examples 

where site selection has been adequately scrutinised. Aurora, near Melbourne, scores an almost 

perfect compliance against the framework. 

LIUDD is a contribution towards the implementation of sustainable development. Inclusion in the 

Principles and Methods framework of a few complementary principles of sustainable development, 

beyond the scope of LIUDD, drew attention to another general observation about New Zealand 

cases investigated. Those cases that are the least compliant with the LIUDD principles are those 

with, or with the potential to have, a coincidence of employment, public transport and residential 

intensification. The two international cases studied, Aurora and Stad van de Zon on the other hand, 

achieve most of these objectives simultaneously with water cycle efficiencies. The analysis of the 

cases shows that there is a need to ensure the simultaneous implementation of all sustainability 

objectives. 

The policy framework facilitates the comprehension of complexity in the interaction between 

natural processes and urban design; and it draws attention to sustainability requirements for 

ecosystems and the water cycle that may be overlooked or under-rated by professionals faced with 

pressing socio-economic drivers (such as the need for affordable housing) and government policies 

on urban regeneration. This LIUDD analysis can be used to inform decision makers, so that they 

become more critically aware of tradeoffs in the urban design and redevelopment process.  

There exists the opportunity to apply LIUDD Principles and Methods to countryside living/ rural-

residential developments in addition to greenfield suburban and brownfield sites. Relative to 

pastoral land use, conventional countryside living subdivision has perpetuated high levels of 
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destruction and degradation of indigenous ecosystem remnants and it has failed to improve 

receiving water ecosystem health or water quality. The rural to countryside living transition has 

traditionally increased the density of house construction, roads and septic tanks that contribute to 

ongoing yields of sediment and nutrients to waterways. The opportunity exists to restore 

ecosystems in communal or public ownership when a catchment or neighbourhood is subdivided 

into geometric blocks, the configurations of which have traditionally over-ridden natural land and 

ecosystem form and function. Many rural residential sites eventually evolve to higher urban 

densities. Good design, including that of infrastructure, at the one-to-four hectare density scale may 

provide the foundation for a later transition to higher densities with minimal earthworks thereby 

reducing ecosystem and landscape destruction.  

An alternative countryside living/rural-residential development approach would include catchment-

based structure planning by local authorities. All wetlands, flood retention areas, riparian corridors 

and steep ridgelines would ideally be protected and restored to indigenous vegetation. Protection of 

such natural features is possible through a diversity of alternative ownership and governance 

arrangements. (For example, catchment landowners could be shareholders of those areas not 

included in public reserves or private land may be covenanted.) Other desirable features of such 

developments could include the clustering of houses; house sites with separate titles from non-

residential land allotments; shares for land-owners in the communal property entity that manages 

facilities; sewage collected for treatment with greywater recycling; rainwater collection devices as 

standard fittings with all buildings; streets designed to maximise stormwater biofiltration and 

retention; and the council could work with landowners to find ways to maximise the planting of 

indigenous vegetation on private land for productive, landscape and biodiversity benefits.  

10.3.3 Integration of LIUDD, Integrated Catchment Management (ICM) and Structure Planning  

New Zealand case studies of catchment-based structure planning show how a number of local 

authorities and developers have used this approach and are learning sequentially from each other. 

The merging of these three practices, has the potential to optimise ecosystem health and neutralise 

urban development effects upon hydrological and ecological regimes. Lessons from combining and 

applying this suite of practices can and are being transferred within New Zealand. Communities and 

councils need long-term local ‘champions’, and sound regional strategic plans and policy 

statements, to provide leadership continuity when rapid change is occurring in council staff, elected 

representatives and community composition. These practices need to be merged across professional 

sectors, statutes and internal organisational divisions to ensure an efficient, integrated and common 

process that will take New Zealand forward in the field of sustainability. LIUDD facilitates this 

integration away from the ‘silo’ approach. The staff of different councils learning from one another 
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can accelerate advancement of LIUDD. The Taupo West example demonstrated the difficulties and 

complexities for councils and their communities in implementing LIUDD approaches. 

Understanding and removing barriers to implementation of LIUDD is essential.  

 

10.4 Contributions from LIUDD to improved aquatic and terrestrial ecosystem sustainability 

and functionality (an analysis of findings from Part 3: Chapters 7, 8 and 9)   
 
10.4.1 Overview 
The cumulative ecological gains from LIUDD have yet to be demonstrated as many of the 

catchment practices that constitute LIUDD have never been brought together within one 

development. The capabilities of some of these practices have been demonstrated in isolation. The 

cumulative effect on biodiversity both aquatic and terrestrial of bringing all practices together has 

yet to be shown. As receiving water ecosystems are the recipient indicators of the effects of most 

development practices in the catchment, their condition is an appropriate measure of anticipated 

cumulative gains.  

The objective of Part 3 is to show the relationship between (partial) implementation of LIUDD and 

ecosystem condition. Stream ecology has been analysed as an indicator of this ecological efficacy at 

a sub-catchment scale. Drivers or influences listed in Table 10.1 have been assigned a relative 

rating according to whether they have a positive (5) or negative (1) influence on stream ecological 

health within stated sub-catchments.  These ratings are largely based on monitoring reported in 

Chapters 7 and 8. In the lower half of Table 10.1 relative ratings have also been assigned according 

to results reported in Chapter 9 for indicators of stream ecological health itself. Ratings have been 

summed for drivers and indicators respectively for each sub-catchment and a comparison can be 

made of these totals shown in Table 10.1 This rough and non-comprehensive assessment gives 

some indication of how stream health is related to the cumulative effects of listed urban design and 

management drivers.  

Not all possible drivers or indicators are listed nor are they all of equal importance, and no attempt 

has been made to assign a weighting that reflects this. For example, for most of the streams 

surveyed, the soft-bottomed stream indices QMCIsb and MCIsb are most appropriate and therefore 

these ratings should ideally have a higher weighting than other biotic indices.  

 10.4.2 A comparison of the residential sub-catchments  

The conventionally designed residential sub-catchment at Point View scores consistently poorly 

using all measures of stream and riparian ecological health. This fully piped waterway in a standard 

grid-pattern residential subdivision with wide streets, lawns and spartan predominantly exotic tree 

plantings, has the typical degraded ecological health of Auckland urban streams. 
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 Jeffs 

Sullivans 
Jeffs 
Upper 
Norwood 

Jeffs 
Lower 
Norwood 

Point 
View 

Redoubt Regis  Tiffany Whitford 

Catchment basis for land 
use layout 

5 5 5 1 2 5 3 5 

% total impervious 4 2 2 1 4 4 4 5 
Avoidance of 
impervious surface 
connection to stream 

4 5 3 1 1 5 2 3 

Avoidance of water 
quality degradation by 
land use 

3 5 3 1 1 5 2 2 

Use of stormwater 
devices to minimise 
change to hydrological 
regime with land use 
change 

3 4 3 1 1 4 2 3 

Land use stability last 2 
years 

4 4 1 5 4 2 5 5 

Degree stream modified 
by artificial structures 

5 5 3 1 4 5 4 4 

Riparian tree % native 5 5 5 2 4 2 5 4 
Riparian tree >10cm  
stem proximity to stream 

4 5 5 1 3 3 3 3 

Riparian tree canopy 
basal area/hectare  

4 5 5 1 3 3 3 3 

Riparian tree >2.5cm 
stem- density   

3 4 4 1 1 2 3 5 

Riparian weed 
encroachment 

4 5 5 3 1 1 2 1 

ARC habitat qual. score 5 5 4.5 1 2.5 3 5 4 
Drivers of stream 
ecosystem health: total 

53 59 48.5 20 31.5 44 43 47 

Stream coolness 2 3 3 3 2 2 3 5 
Stream conductivity 3 2 2 1 3 5 4 5 
Stream invertebrate taxa 
number 

5 5 5 1 2 4.5 5 4.5 

% EPT individuals 5 5 1.5 1 2 1.5 2 2 
MCI relative to regional 
norm for land use type 

5 5 4 2 4 4 5 5 

QMCI relative to 
regional norm for land 
use type 

5 5 3 3 4 4 4 5 

MCIsb relative to 
regional norm for land 
use type 

5 5 4 2 3 3 5 4 

QMCIsb relative to 
regional norm for land 
use type 

5 5 3 3 4 4 4 5 

Indicators of stream 
ecosystem health: total 

35 35 25.5 16 24 28 32 35.5 

Table 10.1 Summary of factors that are either drivers or indicators of stream health for each sub-catchment 

investigated in this study. Left four columns are for residential sub-catchments; right four columns are for 

countryside living sub-catchments. The upper section of the table is for drivers of stream health and the lower 

section of the table gives measures of stream ecological health. Each factor is given a rating between 1 and 5 for 

the influence or significance of the factor for stream health, that is: 1 extremely negative to 5 extremely positive. 

Ratings are added separately for drivers and indicators giving a total score on each for each sub-catchment.  
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Jeffs Sullivans sub-catchment stream, flowing through a regionally outstanding and ancient taraire 

forest, has to date retained its stream ecological health despite subdivision in a small proportion of 

the sub-catchment that was previously pastoral, and overflow of sediment detention ponds to the 

stream during the construction phase. It has double the number of in-stream invertebrate taxa of a 

typical urban catchment and the biotic index scores remain as high as those of many totally-bush 

catchments This site needs to be monitored through future years to and beyond completion of 

subdivision and construction.  

The Jeffs Upper Norwood stream has retained its excellent ecological health regardless of the 

completion of urban construction in its catchment. This is attributed to the complete diversion of all 

stormwater from the site to the stormwater pond downstream, and to the retention of the mature and 

regionally significant native riparian forest. Jeffs Lower Norwood stream ecological health is 

relatively degraded by contrast to the upstream Jeffs Upper Norwood stream health, despite the 

retention of the mature riparian native forest and upstream installation of offline stormwater pond 

and wetland. The stream-habitat conditions that have changed at this site during and following 

urbanisation, that are related to water quality and hydrology, are the ones that are the likely causes 

of degradation. The stream at this site receives overflows from the stormwater pond on Mission 

Heights Drive. Good, but not excellent, taxa richness indicates that the site is not as degraded as the 

piped Point View stream. Ratings on all other parameters give it only a poor to fair condition 

showing that the invertebrate stream community is dominated by large numbers of some species 

that are relatively tolerant of degraded environmental conditions. Future monitoring will indicate 

whether this section of the stream can or will recover once greater stability of land use in the mid-

catchment is achieved.  

Using several indices the Jeffs Lower Norwood is, however, among some of the healthier urban 

stream reaches in the Auckland Region. Its degradation is relative to the exceptionally high in-

stream ecological values recorded at the Jeffs Upper Norwood site. The actions taken by Manukau 

City Council of retaining the outstanding riparian forest in all Jeffs sub-catchments, installing an 

offline stormwater pond with wetland, and diverting and reconstructing the stream around the pond 

(as outlined in Chapter 7) have met with partial success relative to the mostly extremely degraded 

state of most of the Auckland Region’s urban soft-bottomed streams. The degradation of the Lower 

Norwood stream is also a reminder that riparian forest protection or restoration is only one of a 

diversity of catchment actions required to protect the intrinsic value and ecological functionality of 

urban streams.  

10.4.3  A comparison of the countryside living sub-catchments                                                       

The conventional low-density residential sub-catchment of Redoubt scores reasonably well on some 
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biotic indices but has depressed measures of instream invertebrate species diversity and abundance 

of individuals. Riparian vegetation in Redoubt is confined to the downstream third of the stream 

only and extends less than four metres either side of the stream. Lower reaches of the Redoubt sub-

catchment stream, unlike those of Regis or Whitford, are incised between three metre high banks 

that provide beneficial shade.  Regis stream ecological health is not currently dissimilar to that of 

Redoubt and reflects both the pastoral grazing history of the site and the recent and ongoing 

disturbance of ridgelines in the creation of building platforms for houses and the immaturity of 

under-storey native plantings in riparian gully areas. Ongoing monitoring will determine whether 

Regis stream ecological health improves as this LIUDD subdivision matures. Regis, Tiffany and 

Whitford streams all have high numbers of macro-invertebrate taxa and biotic index scores 

consistently higher than those typical of Auckland urban and rural catchments. Similarly future 

monitoring will indicate whether Regis can achieve the stream health of the rural Whitford stream 

that not only has very similar, although mature, riparian vegetation composition but also has cattle 

instead of houses on the ridgelines. The persistence of the Tiffany Bush Care Group (now the 

Redoubt Bush Care Group) in protecting and under-planting the forest, and remedying stormwater 

direct discharges to the stream, makes it likely that the Tiffany sub-catchment will be as 

ecologically healthy as the Regis sub-catchments by the year 2020. These examples are, 

respectively, retrofitted and greenfield examples of LIUDD. 

 

10.5 Revisiting LIUDD in the Context of Paradigms and Sustainable Development  
 
It is appropriate following the defining and testing of LIUDD to revisit some of the theories and 

paradigms, such as holism, systems thinking, ecosystem assessment and sustainable development, 

that together form the context for this thesis and were previously discussed in Chapter 2. The 

application of LIUDD changes diverse characteristics of urban form, such as, the type of physical 

infrastructure, and the balance of land cover with respect to impervious surfaces, vegetation, and 

open waterways. These changes together produce improved ecological, economic and social 

functionality. The improvements are cumulative. Although LIUDD addresses some quadruple 

bottom line issues in an integrated manner it is not comprehensive or holistic in addressing 

sustainability. 

Comprehensive uptake of LIUDD methods at a catchment scale will translate into ecosystem 

health by maintaining essential ecosystem processes that support healthy communities of terrestrial 

and aquatic organisms. Some parts of the ecosystem (especially receiving waters) are recipients of 

effects from the system (catchment) as a whole. This is particularly true for stream ecosystems in 

catchments with relatively impervious soils. In this thesis the indicators of ecosystem health that 
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have been measured were chosen for their ability to give a summative assessment of the uptake of 

a multiplicity of LIUDD techniques within a catchment. In this respect, therefore, an integrative 

development approach (LIUDD) is being applied in a catchment and then assessed for its 

effectiveness using an integrative measure of the receiving water ecosystem health. An attempt has 

been made in this thesis to understand or diagnose the catchment processes that link LIUDD to the 

stream ecological outcomes. Sufficient reductive catchment science has been done previously to 

provide a justification for methods included in the LIUDD approach and framework (Chapter 4). 

Nonetheless, the complexity of catchment processes is acknowledged but does not need to be fully 

understood in order to demonstrate the cause and effect relationship between ecologically sensitive 

urban form and ecological outcomes.   

As discussed in Chapter 2, the concept of ‘Strong Sustainability’ promotes the concept that the 

economy is nested within society and society is nested within the ecosystem (SANZ, 2009; 

WCED, 1987). This contrasts with the concept of ‘Weak Sustainability’ where environmental, 

social and economic dimensions of sustainability are represented by overlapping circles, and it is 

assumed that sustainability is achieved in the intersecting segment.  Strong sustainability is 

supportive of LIUDD principles within which urban form and ecosystem processes are co-

dependent. The city, instead of destroying the ecosystem, develops within its constraints. The 

selection of sites for urban use, the layout of urban neighbourhoods, and the design of 

infrastructure are all compliant with ecosystem processes and capacities.  

LIUDD urban designers ensure that the city utilises, as far as possible, natural processes to 

optimise city services previously supplied by hard engineering structures. In this context, 

terrestrial, freshwater and marine ecosystems blend into each other as design and management 

focus shifts from a fragmented property approach to a systems approach.  

Core LIUDD principles from primary to tertiary, defined in Chapter 4, have an ecological 

foundation and obligate urban designers to work within natural cycles to maintain the integrity and 

mauri (life force) of ecosystems. This includes limiting ecosystem utilisation to carrying capacity 

and provision of alternative development forms that create space for re-vegetation as well as 

restore, enhance, and protect indigenous terrestrial and aquatic biodiversity. A key requirement is 

also the maintenance of the pre-urban hydrological regime of each catchment for aquatic 

ecosystem protection (van Roon, 2005; van Roon and Moore, 2004; Allibone, 2001; Horner and 

May, 1999), in part by the minimisation of site coverage in ‘effective’ impervious surfaces. In 

order to achieve the latter, consideration must be given to the retention and restoration of a greatly 

increased biomass of terrestrial vegetation that plays a critical hydrological role via 

evapotranspiration and infiltration (van Roon, 2005). Terrestrial habitat patches can be identified 
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that are critical for retaining sufficient habitat, to maintain local ecological functions as well as 

connectivity throughout the wider landscape, facilitating species movement. This is vital in areas of 

dramatic land-use change such as urbanisation, which can leave small fragmented habitat patches 

isolated by surrounding potentially hostile terrestrial habitats (van Roon and Rigold, 2006).  

Some of the discussions within Chapter 10 have addressed spatial issues of nested scales and 

connectivity.  Temporal scales also need to be addressed along with the implications of land use 

change in respect of future sustainability (Chapters 2 – 6). LIUDD confronts actions that are 

necessary for the long-term health of aquatic and terrestrial ecosystems, such as, the naturalisation 

of streams. This has the added benefit of avoiding the need for future generations to replace piped 

networks. LIUDD, as defined in Chapter 4 and discussed for the Taupo West case study in Chapter 

6, advocates the uptake of ‘low impact’ development form and ecosystem restoration at the land 

use transition from rural to countryside living. As a large proportion of New Zealand countryside 

living areas eventually become urban this pre-urban uptake of ‘low impact’ methods reduces costs 

and optimises the benefits for future generations during the transition to urban densities.  

The objective of LIUDD is to enhance rather than degrade downstream waterways, restore and link 

regional bush corridors, reduce future costs for some infrastructure, and optimise the habitability, 

convenience and amenity of neighbourhoods for residents. Chapter 11 follows and will provide an 

overview of the conclusions and contributions of this thesis to knowledge, and ongoing research 

opportunities.  
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CHAPTER 11 
 

CONCLUSIONS 
 

11.1 Key findings 
 
The Low Impact Urban Design and Development principles and methods framework is a strategic 

planning tool providing guidance to planners and practitioners on policy development and 
implementation via tested methods. Implementation occurs at a range of spatial scales from the lot 

to the neighbourhood and the catchment. Structure planning is an appropriate method for LIUDD 
implementation at a catchment scale, providing the opportunity for the merging of urban design, 

resource and ecosystem management, and infrastructure network design and implementation.  

Quantifiable gains in the quality of aquatic and terrestrial ecosystems can be achieved by the 
implementation of LIUDD at sub-catchment to catchment scales. The Flat Bush comparative sub-

catchment case study (Part 3 of this thesis) provided the following conclusions regarding the 
ecological efficacy of LIUDD. Firstly, all LIUDD ‘treatment’ sub-catchments in residential and 

countryside living developments, in this location, have a stream macro-invertebrate ecology of a 

quality measurably superior to that in comparative conventionally designed and developed sub-
catchments, and superior or equal to the best in all land use categories, including native forest, in 

the Auckland Region. Secondly, it is concluded that the quality of riparian forest in LIUDD sub-
catchments examined is outstanding for the Auckland Region and makes a major contribution to the 

health of urban streams, but remains only one of many catchment characteristics that cumulatively 

determine stream ecosystem health. In a residential sub-catchment with an outstanding mature 
native riparian forest, substantial stream ecosystem degradation still occurred downstream of an 

offline stormwater pond. Upstream of the pond stream ecosystem health was equal to that in 
Auckland Regional native forest streams. Downstream of the pond that health had declined 

dramatically, but not below the quality typical of the best urban streams in the Region.   

The benefits of LIUDD to ecology and to society are cumulative across catchments and regions, as 
discussed in Chapter 10. The demonstrable ecological gains in catchments like Flat Bush have 

benefits for the whole Auckland Region, and for the Hauraki Gulf, assuming LIUDD is 

implemented widely. The real challenge for the Auckland Region lies in the use of the cumulative 

lessons from multiple catchment studies within the Hauraki Gulf to avoid any cumulative 

biophysical degradation of the pristine Gulf aquatic environment that is key to the quality of life in 

the Auckland Region. 
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Almost all LIUDD examples implemented in New Zealand to date have been in countryside living 

or residential development areas. As shown by the Taupo West structure planning process, LIUDD 

can successfully be applied to the development transition from rural to countryside living. First-

time implementation of LIUDD, during any transition, is challenging for council personnel, and 

members of the public with development or conservation objectives. There is the potential for large-

scale implementation of the same techniques in industrial and commercial environments. As these 

environments generally have higher proportions of and continuity of impervious surface areas to 

disconnect or plant-over (green walls and roofs), the potential gains for biodiversity and for 

hydrological stability, are proportionally greater than for residential areas. If LIUDD is 

implemented in all such environments within, for example, the Auckland Region, the potential 

gains for regional and Hauraki Gulf ecological health escalate.  

An understanding of the catchment context of every action, when designing, retrofitting, building 

and managing in urban and countryside living areas, is a key to successful LIUDD. Spatial scales 

are nested, and every action or decision at lot or neighbourhood scale has consequences for the 

catchment and region. Natural processes can have gradual time frames, so cumulative change takes 

time, which must be taken into account in any decision making process aiming at long term 

sustainability.  The cost effective avoidance of environmental damage is preferable to expensive 

remedial action.  

The trans-disciplinary approach of planners, spanning both policy and operational areas, means that 

they are better placed than other professionals to provide leadership in urban development that 

enhances rather than degrades the natural environment.   This includes the avoidance of changes to 

the natural biodiversity, hydrology, erosion, sedimentation, nutrient and contaminant accumulation 

patterns of receiving waters, by identifying the lowest impact sites for each type of development, 

and by adapting urban form to optimise aquatic and terrestrial ecosystem condition. Case studies 

show that planning responses, despite the best of intentions, are not always prompt enough to avoid 

cumulative degradation, and in other cases, planning responses have led to the avoidance of the 

degradation of peri-urban aquatic environments because resource consents applications for 

urbanisation of catchments have been appropriately declined.  
 

11.2 Limitations 
 
The implementation of LIUDD has been slow, and therefore it was necessary during the research to 

adapt the methodology to the monitoring of cases that were available at the time. At the beginning 

of the research there were no completed LIUDD developments nationwide and although some were 

under construction all represented only a partial implementation of the LIUDD concept as 



 253 

developed. There were difficulties, therefore, in monitoring urban development scenarios that were 

far from ideal in terms of the limited range of LIUDD principles implemented. Furthermore the 
developments were all in the early stages, and the impacts of the construction phase in most cases 

lasted beyond the duration of the PhD research. By the end of the data collection phase in Flat Bush 

no at-source control stormwater devices except ponds were operational and recent urban 
developments in some sub-catchments were not yet stable. Required at-source devices, including 

raingardens for Regis Park, were not yet completed. (The absence of these devices is relevant 

because they were the original defining characteristic of LID practices, and LID was the foundation 
of LIUDD.) Recent tree and wetland plantings were not yet sufficiently mature to influence 

measured ecological outcomes. In addition, there were limitations to the research focus as 
determined by the contract between the funding organisation (FRST) and the research agencies. The 

latter impacted on the breadth of inclusions in the LIUDD framework.  

In spite of these inevitable limitations the thesis has delivered at multiple levels a breadth of new 
knowledge and guidance for planners, practitioners and scientists, and demonstrated the disciplinary 

connections for these professionals. 

 
11.3 Contributions to knowledge 
 

This thesis has contributed to knowledge across a range of scales from strategic planning principles 
to the understanding of LIUDD case studies, and the monitoring of LIUDD implementation and 

ecological efficacy at the micro-scale.  The uniqueness of the thesis lies in the depth of analysis at 

all scales, the demonstrated connections across those scales, and the integration of scientific and 
planning knowledge and methods. Evidence was assembled that made a case for the catchment as 

an essential spatial unit for LIUDD and its implementation. The author developed a concept, 
theoretically and strategically, that defined LIUDD through principles and methods. The concept 

was applied to various sites to determine strengths and weaknesses in policy and practice. This 

demonstrated that the framework is applicable to diverse development forms both in New Zealand 
and overseas. Finally, comparative sub-catchments were monitored in detail to demonstrate the 

aquatic and riparian ecological outcomes of different development scenarios. Significant 

contributions of new knowledge have been generated for strategic application in practice thereby 
creating new information for policy-makers and practitioners, and providing a tool for 

understanding and enhancing local sustainability practice and outcomes. 
 

11.4 Future research 
 
The monitoring of the comparative sub-catchment development scenarios is far from complete; it 
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should extend until land use in all sub-catchments reaches maturity and stability. The residential 

cluster of monitored sub-catchments in Flat Bush need to be monitored well beyond the current 
construction phase so that it can be determined whether the current downstream ecological 

degradation in the Jeffs Lower Norwood sub-catchment is due to construction effects, as opposed to 

an urban form that includes the treatment of stormwater in ponds. In the neighbouring sub-
catchment of Jeffs Sullivans, urban development is currently in the early stages and a good baseline 

of the sub-catchment’s ecological condition has been established against which to measure future 

change. In the countryside living cluster of sub-catchments, change is particularly rapid and 
ongoing at the Regis site. Here the groundwork has been done for future ecological enhancement 

that is as yet not evident in monitoring, because of the immaturity of newly re-vegetated gullies and 
the yet to be constructed rain gardens in all private lots. The four Regis sub-catchments, with 

slightly different land use, could also be compared to one another when construction is complete. 

The ecological enhancement of the Tiffany sub-catchment by residents is ongoing and should be 
monitored.  

The use of structure planning in a catchment context for the design and implementation of LIUDD 
is a method in its infancy throughout New Zealand. It is expected to become mainstream practice 

over the next decade or longer. The progression of learning from one example to others with time 

could be monitored and facilitated.  

The prospect of a regional scale uptake of Low Impact Urban Design and Development principles 

and methods offers at least two ongoing research opportunities. Firstly, the change in Auckland 
governance, and the creation of a single council for Auckland in 2010, provides an opportunity to 

monitor how LIUDD is embedded in new plans, policies and practices. This opportunity needs to be 

balanced by monitoring, and by responses to the risk that some of the LIUDD-supportive policies 
and methods in current operative regional and district plans may be displaced in the extensive plan 

reviews which are expected to follow the restructuring. Secondly, there are ongoing research 
opportunities to monitor the cumulative uptake of LIUDD across greater Auckland to determine and 

facilitate its role in controlling urban runoff and thereby slowing the projected degradation of the 

valued Hauraki Gulf ecosystem that provides Auckland’s aquatic environments.  
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APPENDIX A 
 
Appendix A.1: Lucas Creek and its catchment: relationship of knowledge advances and planning processes. Source: van Roon and Dixon, 
2005. 

Year 

 

Awareness of heavy metal 
pollution of waterways from 
diffuse sources 

Landuse sub-
catchments  

Relevant Plan Focus of Policies and Rules in Plans Comment 

1978 Little awareness  Auckland Regional 
Planning Scheme 

Environmental qualities of Lucas Creek protected through careful 
design of subdivisions. 

High level statements 

1979 Little awareness Lucas:       5% 
urban 17%  bush        
81% grass       

 Oteha     10% 
bush 80% grass  
4% horticulture 

Takapuna District 
Scheme 

Recognition that subdivision can have strong influence on 
environmental standards 

Policies too general to control 
contaminant loss – focus on protection 
of landform, vegetation, riparian 
habitat 

1980 
- 85 

Aware sediment loss from 
urban catchments a problem. 
Aware contaminants can 
attach to sediments. Heavy 
metal analyses expensive 
relative to analysis of other 
common parameters 
Awareness of sensitivity of 
Lucas Creek   

Lucas              
5% urban      
17% bush      
81% grass 

Oteha 1980 10% 
earth-works         
10% bush             
70% grass       
4% horticulture 

Takapuna District 
Scheme: first review 

Need for environmental safeguards recognised. Requirements in 
place to take account of landforms, slopes, soils, vegetation and 
streams in preparing structure plans.  

Takapuna City Council sought information from Upper Waitemata 
Harbour study group on: “sedimentation rates, pollution sources 
and water interchange rates. Such information may indicate the 
need for additional controls on urban development in Albany to 
maintain the quality of harbour water”  

Policies still targetted mainly soil, 
habitat and landscape protection but 
not environmental quality further 
evidence awaited   

1983   Upper Waitemata 
Harbour Catchment 
Study Land and Water 
Management Plan 

Council instructed to extend stormwater management planning to 
include stormwater detention; use 2-year storm in addition to the 
50-year storm for design purposes; limit flow velocities in channels 
close to pre-urban values; maintain natural channels in all basins, 
use secondary flow paths and floodways; ensure that runoff from 
the industrial area in Albany does not cause unacceptable 
degradation of water quality in streams or the Lucas Creek estuary; 
reserve riparian land and vegetation; locate industry off the 
floodplain and away from streams; no discharge of industrial 
wastewater to streams;build roof over areas where toxic chemicals, 
heavy metals or hydrocarbons are stored or handled; wash vehicles 
and discharge to sewer; ensure street and industrial yard cleaning 
and cesspit emptying; direct stormwater from commercial and 
industrial parking areas; industrial storage yards and roads over 
vegetated soil filter; take special care with disposal of stormwater 
from roofs and sealed or metalled areas; building permit to require 

Clear advice given to Regional and 
District Councils on what policies are 
necessary to reduce contamination of 
Lucas Creek estuary by urban 
stormwater. No recognition of heavy 
metals as a problem as information not 
yet available from science. No 
recognition of the need for changes to 
urban form or layout to avoid 
contaminant generation. No policy 
direction on control of traffic volumes 
as generator of contaminant loads. No 
detailed understanding of role of roofs 
in generating high zinc loads but a 
general caution over disposal of  
stormwater from roofs and sealed 
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design to prevent soil erosion from the concentrated flow; prevent 
any reclamation, dredging or impoundment of Upper Harbour 
waters; regular long-term monitoring to include water quality in the 
Upper Waitemata and Oteha Stream during period of urbanisation. 
Estuarine biological transects; continuous flow monitoring of Oteha 
Stream sediment deposition, and sediment nutrient concentrations, 
required in Lucas Estuary  

areas. 

1985  
- 90 

Emphasis in subdivision and 
stormwater management on 
sediment control as growing 
awareness of this as a 
problem for Lucas Creek and 
Upper Waitemata Harbour  

 Takapuna District 
Scheme: review 

Policy: Need to take special care during this process of urbanisation 
to prevent high levels of sediment associated with earthworks from 
entering harbour and its tributaries and to prevent a degrading of 
streams as a result of urban development   

Minimal response to Upper Waitemata 
Harbour Catchment Study policies 
outlined above.  High-level statement, 
limited understanding of how it is 
related to urban form   

1992  Beginning of good-quality 
data available in Region on 
heavy metal build up in 
benthic sediments 

    

1994 Data base on heavy metals in 
benthic sediments of 
receiving water bodies 
developing some statistical 
reliability. Build up of metals 
in Lucas Creek predicted 
(Vant et al, 1993)  

 North Shore City 
Proposed District Plan  

Assessment criteria for subdivision/ development considered 
design of stormwater systems to detain (allow settling of 
sediments) and to remove contaminants. Encouraged diversion of 
stormwater to natural vegetated areas to increase detention and 
enhance the quality of stormwater and protection of aquatic 
ecosystems. Recognition of importance of retaining riparian 
vegetation  

Riparian protection recognised for its 
role in habitat enhancement –little 
mention of contaminant filtration role  

2001 
- 03 

Excellent knowledge of the 
build up of heavy metals in 
sediments (and water) of 
catchment streams and in the 
Lucas Estuary. Growing 
awareness of sources of these 
metals within catchment 
landuses  

Lucas (NSCC, 
2002a)    10% 
urban  10% roads 
50% grass 24% 
bush 

Oteha (NSCC, 
2002b & c) 45% 
urban 15% roads 
15% open space      
20% pasture 

Auckland Region Air, 
Land, Water Plan 

 

 

 

 

Overall approach was to maintain and improve water quality for the 
health of natural ecosystems. Controls on stormwater discharges 
from impervious areas typically included the following 
requirements: 

1) at least 75% removal of total suspended solids using 
devices such as cesspits, wetlands, swales, vegetative 
filters, infiltration 

2) peak flows for 2 year and 10 year Annual Return Interval 
events not to be greater post-development compthan pre-
development 

3) volumes of stormwater runoff for post-development 
events to be minimised 

Management of stormwater was 
within the context of Integrated 
Catchment Management Plans, 
Network Management Plans, and 
Structure Plans, all of which were 
required to be integrated.  

2002 
-03 

  North Shore City 
District Plan 

Lucas Creek and Oteha Stream border Business Zone. Policies 
include: protection of natural habitat and ecological values; areas 
with high ecological values to be protected from incompatible 
development;   infrastructure capacity provided to protect 
environmental values, control sediment runoff to protect habitat; 

These plan provisions recognise and 
aim to avoid the adverse effects of the 
location, form and management of 
urban development upon waterways 
such as Oteha Stream and Lucas Creek 
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rules provided for greater restrictions on earthworks in riparian 
zones and floodplains; “Stormwater systems for land use activities, 
which have the potential to discharge significant stormwater 
contaminants, shall prevent uncontaminated stormwater from 
coming into contact with contaminants or pretreat to remove 
specific contaminants before disposal ” ;subdivision lot size to 
relate to environmental characteristics of the land; applications for 
resource consent for subdivision required to include information on 
likely contaminants in stormwater and the proposed means to treat 
or remove; site works must capture and retain sediment, preventing 
entry into waterways, minimising site disturbance, and vegetation 
clearance, and managing effects on long term water quality and 
aquatic ecosystems;layout and design of a subdivision required to 
work with, protect and enhance natural waterways and overland 
flow systems;stormwater systems to be compliant with ICMP must 
provide attenuation, minimise impervious areas, redirect flow to 
natural areas, remove contaminants, and on un-serviced sites ensure 
no increase in stormwater volume by storing rainwater onsite for 
reuse;riparian zones to be protected from overland flow of silt and 
contaminants from road runoff; esplanade reserves to be 
established next to waterways; private covenants to be placed on 
land where it is required solely for the protection of environmental 
resources. 

estuary  

Note requirements to “manage effects 
on long term water quality and 
aquatic ecosystems” begins to deal 
with cumulative effects. 

Also, as seldom previously seen in 
District Planning urban layout is being 
recognised as a determinant of the 
condition of waterways.  
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Appendix A.2: Hauraki Gulf Integrated Catchment Management 
Every catchment and associated receiving-water environment is unique. The more complex the biophysical 
environment and multiplicity of human uses and institutions involved, the more unique the catchment case 
study.  The Hauraki Gulf ICM is no exception, being New Zealand’s most complex formally sanctioned 
catchment management undertaking under the Hauraki Gulf Marine Park Act, 2000. Looking to New 
Zealand’s nearest neighbour, comparable Australian projects exist including all the rivers draining into the 
Great Barrier Reef, and the South East Queensland project (QEPA, 2001). The latter management group 
combines 9 State Government Departments, 19 local governments, industry, community and indigenous 
organizations.  

 The importance of the Gulf 

The Hauraki Gulf is a large enclosed coastal water body in northern New Zealand. The catchment of the 
Gulf is occupied to the west by the combined cities of the Auckland Region with a population of 
approximately 1 million, to the south by extensive pastoral lands, and to the east by the rugged bush-clad 
hills of the Coromandel Peninsula. Within the Gulf system lie more than 50 islands (see Lovegrove, 1993) in 
diverse land use and status, including many within the New Zealand Conservation Estate.  

 

The value of the Gulf to the New Zealand community is derived from its natural character and Mauri 
(defined in glossary). It is the ‘building blocks’ of this natural character that enables the recreational 
opportunities, provides harvestable seafoods and a habitat for tens of thousands of migratory wading birds in 
the Firth of Thames (ECOQUEST, 2001), all valued by the community. The natural character of the 
coastline is recognised by the RMA (S 6a) as being of national importance and requiring protection. This 
natural character is a product of an ecosystem in prime condition functioning in a natural manner. To achieve 
this prime condition the ecosystem should continue to be dominated by indigenous species, and 
physiochemical characteristics (for example water quality) should be minimally altered from their pre-human 
condition. Human activities within the catchment and the Gulf therefore need to operate in a manner that 
provides for the ecological sustainability of the Gulf.     

 Slow recognition of the Gulf and its catchment as an entity 

Perhaps the earliest recognition of the Gulf as an entity was by Hauraki Maori who named the Gulf Tikapa 
Moana. The integrated catchment management structure now in place for the Gulf is the product of several 
decades of the evolution of management thinking, institutions and statutes. The history of management of the 
Gulf is important because it laid down the parameters to be achieved by the Hauraki Gulf Marine Park Act 
when it was finally drafted. It is the Hauraki Gulf Marine Park Act (2000) that provides the statutory 
confirmation of the Gulf and its catchment as a holistic entity.  

The beginnings of the process were two fold. Firstly there was the very different Hauraki Gulf Maritime Park 
established in 1967 by the Lands and Survey Department who at that time were responsible for 
administration of offshore islands with reserve status. In establishing this park the Land and Survey 
Department was recognising to a limited degree the natural unity of the Gulf system and its need to be 
managed accordingly.  

What was not given adequate consideration at that time was the need for integrated management of the 
whole ecosystem, that is, the water as well as the land. There was negligible recognition of the 
interdependence of the two, and there was no political or statutory framework within which to contemplate 
holistic management. There was little recognition of catchments as management entities except for the 
purposes of managing soil erosion, flooding and water supply.   

The Hauraki Gulf Maritime Park did recognise the islands themselves as an entity, it enabled a park board to  
create both a balance of protection and usage across the diversity of islands and to provide for the tourist 
needs of visitors to the Gulf. It had excellent public relations. The HG Maritime Park was disbanded at the 
time of formation of the DoC (1986-87) when the Gulf islands became part of the Conservation Estate. The 
consequence of this was the loss of identity of the islands as an administrative entity, although the high level 
of management of ecosystems and endangered species on reserved DoC islands continued. 

Already in the 1980s moves were afoot to bring greater recognition and cohesion to the Gulf system. This 
was supported and promoted by the Auckland Regional Council (ARC) and the Minister of Conservation 
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(MoC). The staff and Council of the ARC canvassed various options for the type of management structure 
and the geographic extent of the area. The ARC was keen to see the protection of the recreational qualities 
(especially fishing) of the inner gulf. It quickly became apparent to the ARC that the issues went beyond 
recreation to include pollution and multiple use and these issues also went beyond the Auckland Regional 
boundaries and beyond existing legislation. 

In 1992 a Working Party was established under the MoC (Holdaway, van Roon and Crawford, 1992) to 
consider the future management of the Gulf. Key findings of the working party had a major bearing on the 
eventual form of the Act.  The preferred option recommended the establishment of the Hauraki Gulf Marine 
Park with inclusion of the entire catchment, islands and waters of the Gulf within policy influence. The 
majority of the public of the Region was supportive of the proposal. Prior to the formal creation of the Park 
the Auckland City Council established what was known as Vision Hauraki, which provided a forum for all 
agencies with statutory responsibilities in the Gulf and its catchment to meet informally to discuss 
management. The Auckland Regional Council subsequently formalised this forum as an ARC committee.  

The Hauraki Gulf Marine Park is based on the whole catchment 

 It was not until February 2000 that the Park was established by the Hauraki Gulf Marine Park Act (New 
Zealand Government, 2000). The Act amended four Acts, and applies to 21 Acts. Part 1 recognises the 
national significance of the Gulf and identifies attributes of the Gulf to be protected. It also creates links to: 
the RMA and the New Zealand Coastal Policy Statement; the Conservation Act 1987 General Policy; and the 
sustainability measures of the Fisheries Act 1996. One of the complexities of providing integrated 
management to the Gulf was the need to ensure that the Hauraki Gulf Marine Park Act did not create an 
additional tier of statutory control or consent requirement beyond that encompassed by the RMA. The RMA 
provides for National Policy Statements, which preside over and dictate to Regional and District Plans. The 
key sections 7 and 8 of the Hauraki Gulf Marine Park Act form a National Policy Statement and part of the 
New Zealand Coastal Policy Statement. These key sections therefore operate within the RMA hierarchy. Part 
ll formalises the Hauraki Gulf Forum. The Act sets out for the Forum its purposes, membership, functions, 
powers, required reporting and the apportionment of costs. Part 111 creates the Park to include: conservation 
lands and islands, Reserve Act lands, Foreshore and seabed owned by Crown, RAMSAR sites (ECOQUEST, 
2001), with provision for other lands, both private and public to be included, providing deeds of recognition.  

The need for policy leadership for the whole area has been achieved by the Act itself, the functions of the 
forum, and by making sections 7 and 8 into National Policy Statements. Note though that if a National Policy 
Statement alone had been issued for the Gulf without the special legislation, all those other agencies in the 
Gulf that have responsibilities under legislation other than the RMA would not have been influenced by the 
policy. It was seen to be particularly important to draw fisheries into the arena, as the sustainable 
management of fish and the effects of fishing remain outside the RMA. It is important to reflect that in 1985 
when the ARC conceived the need for a park it was protection of recreational fishing and boating that were 
the priority objectives.   

Operative Policy Statements and Plans under the RMA are required not to be in conflict with s7 and 8. There 
is a requirement to include reference to s7 and 8 in decisions for proposed plans and proposed plan variations 
or changes. Consent authorities for Gulf islands and catchments must have regard to s7 and s8 (see s9(4)). 
The HGMP Act should be considered when determining who is directly affected, and for public notification. 
Also all persons exercising powers and functions under other Acts in Schedule 1 of the HGMP Act must 
have particular regard to s7 and s8.  

The Act achieves several important things  

Firstly, the Act recognises the natural unity of the Gulf defined by natural (not administrative) boundaries 
both landward and seaward. The interdependence of land and water are reflected in a unified management 
system recognising the Gulf as a holistic entity. This has been achieved by including the whole catchment in 
the policy influence of the Act. Perhaps the greatest threat to the sustainability of the Gulf ecosystem upon 
which the Gulf’s value depends, is the accumulation of sediment and stormwater derived contaminants from 
pastoral farming and particularly from the growing city in its catchment. During the 1990s the practice of 
integrated catchment management continued to strengthen, reinforcing the choice of the catchment as the 
defining boundary of the Park. 

Secondly, the HGMP Act facilitates the sort of cooperation between the Gulf’s many District, City and 
Regional Councils that the RMA enables but has never achieved because of the administrative containment 
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of councils within their own geographic boundaries. In addition, this circle of cooperation has been extended 
by the Hauraki Gulf Marine Park Act to enfold both government departments such as conservation and 
fisheries, and the many iwi within the Gulf. The RMA provides excellent opportunities for Maori – Council 
cooperation but representation of Maori on most Council committees is inadequate. The Hauraki Gulf 
Marine Park forum has 7 Maori in a total of 23 representatives. Fish are the only major natural resource the 
management of which lies entirely outside the RMA (minerals lie partially outside). Implementation of the 
RMA, however, determines the quality of habitat of these fish. The Hauraki Gulf is home to some of New 
Zealand’s finest recreational and commercial fisheries, and the opportunities for public involvement in 
fisheries management are perceived to be limited.  It is therefore vital for the integrated management of the 
Gulf to have this statute, which draws fisheries into a united management circle. The Hauraki Gulf Forum 
can function as a communication hub for biophysical research, which affects the whole Gulf and crosses 
institutional boundaries.  

Thirdly the Act, by creating a National Marine Park, gives the Gulf status that focuses the attention of 
visitors and residents. It provides the opportunity and communication channels for united efforts in 
facilitating tourism and environmental education.  

The rationale for including the eastern coast of the Coromandel within the Park has been questioned.  The 
sweep of offshore islands and long-shore currents at the mouth of the Hauraki Gulf extend down the eastern 
coast of the Coromandel. Additionally, inclusion of the eastern Coromandel coastline avoids an awkward 
exclusion of half the Coromandel peninsula from the park catchment.  

New Zealanders sometimes ask why the HG Park structure and statute are not appropriate for other parts of 
the New Zealand. As the largest centre of population Auckland has brought pressures to this enclosed and 
valued body of water ahead of pressures seen anywhere else in New Zealand. In addition the Gulf is divided 
between two Regional Councils, making it difficult for either to take the leadership role in integrating 
management. Also the Hauraki Gulf is particularly important to New Zealand for its contribution to the 
Conservation Estate and the management of endangered species on Gulf islands. Lastly the Gulf is a very 
important fishery, particularly for snapper, and includes New Zealand’s busiest commercial shipping route 
and port. These factors together bring a strong need for integration of management to ensure the protection 
of the natural character of the Gulf which   is the foundation of all that the community values within it.  

The HGMP Forum faces many challenges, including the production of ‘state of the Gulf environment’ 
reports, the sustainability of the Firth of Thames RAMSAR wetland (see ECOQUEST, 2001), and the 
restoration of Gulf shellfish populations.  Cooperative member funding of Park research and projects leaves 
the Forum vulnerable to inaction as a result of a single member Council declining support.  

Integrated catchment management for the Gulf was initiated by statutory agencies in consultation with 
tangata whenua (local Maori people), rather than via the initiation of the community at large. This is likely a 
result of its complexity, and its socioeconomic and cultural importance. The resident catchment community 
has been overwhelmingly supportive of the Hauraki Gulf Marine Park that is the basis of Gulf ICM. 
Numerous smaller scale community driven catchment management initiatives also operate within the Gulf 
catchment.  
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Appendix A.3: The Case for a “Low Impact” Approach in the Re-development of New Lynn 
 

This appendix contains five detailed charts that illustrate a “Low Impact“ approach in the area of the New 
Lynn Proposed Waitakere District Plan Change 17 (PPC17). Each chart details existing environments with possible 
changes using this approach for re-development or retrofitting. The charts mostly emphasise low impact approaches to 
stormwater management but have been prepared in the wider framework of LIUDD.  

The handling of stormwater runoff is a major issue in intensification and re-development of the PPC17 area. 
The overall approach applied is driven by the need to strive for hydrological neutrality and optimum stormwater quality 
and is based on a knowledge of local and international best practice to date. Hydrological neutrality aims to retain or 
recreate flow characteristics of a pre-development situation. New Lynn has several constraints such as its division by 
roads and railway. The upgrading of these links could provide new opportunities for stormwater and re-vegetation by 
possible under-grounding of the rail line.   

The PPC17 area is part of a larger catchment and functions both as a conduit and receptacle for stormwater 
from elsewhere and incoming flows may limit proposed low impact solutions. The catchment drains to enclosed 
harbour waters. As a result of urbanisation, streams and estuaries of the Whau are amongst the most contaminated in the 
Waitemata Harbour. While point source pollution is controlled, storm water is not, with road and roof water runoff the 
main sources of contamination.  
As noted, the key to effective storm water management is to implement the concept of hydrological 
neutrality. For ecosystem protection, effective impervious cover should not exceed 15% of a catchment. 
PPC17 allows for up to 70 % site coverage in the Living 6 environment and 100 % in the Community 
environment. There is then a challenge for Waitakere City to provide directions and incentives for an urban 
form, which achieves hydrological neutrality and ways in which effective impervious areas are compensated 
for by ‘low impact’ solutions. The charts illustrate some common themes as summarised below. 
 
Common themes: Retrofit in areas unlikely to change in the next 20 years, such as Ambrico Place. Avoid piecemeal 
infill redevelopment. Encourage large-scale re-development in areas which are ripe for change or already vacant, such 
as around Crown Lynn Place. Increase vegetation (urban forest style) and green the urban area, both horizontally at 
ground level and roof tops, and vertically as in and on building walls to maximise evapo-transpiration. Minimise site 
coverage in impervious areas and link to pervious areas either directly adjacent or downstream, to filter and improve 
water quality, as well as providing detention and slowing discharges into streams. Minor/local roads could be narrowed 
with provision of swales and/or rain-gardens in the verges. Encourage the use of shared pervious driveways and strips 
rather than solid driveways. Create open space by clustering development and encouraging higher rise housing. Link 
open spaces such as parks to the estuary. Encourage minimum footprint buildings and permanently protected open 
space around them. Make car-parking spaces/areas at all scales effectively pervious or underground.  
 
Benefits to the Whau estuary and New Lynn Town area of applying a ‘low impact’ approach: 

• Improved water and sediment quality, lower contaminant load in streams and in the Whau estuary. 
• Improved ecological conditions (natural flow and quality) for freshwater and marine life that therefore has a 

better chance -this maintains biodiversity. 
• Reduced sediment load and siltation with associated mangrove spread in the Whau estuary. 
• Reduction in peaking of storm water flows and flooding as well as channel stability, scouring/collapse. 
• Air pollution reduces as vegetation absorbs gasses; filters and traps dust as well as providing oxygenated air. 
• Reduced capital costs for piping, smaller sizes and lower maintenance costs over infrastructure lifespan. 
• Amenity, streetscape and overall physical environment become more diverse and attractive; places become a 

destination rather than spaces to endure in transit. 
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APPENDIX B: APPLICATION OF LIUDD PRINCIPLES AND METHODS TO CASES 
Appendix B.1a: Primary Principle 1: Work with nature’s cycles on a catchment basis to maintain the integrity and mauri of ecosystems and minimise ecological footprints. 

Possible implementation 
methods (code) 

Implementation in Regis Park Implementation in New Lynn  Implementation in Te Arai proposal (a re-
assessment of that done by Ward, 2005) 

Implementation in the Stad van 
de Zon, the Netherlands 

Use guidelines, district 
plan provisions, 
covenants and promotion 
of collaborative projects 
between, eg local 
government, community 
groups, tangata whenua, 
and private agencies that 
support natural 
ecosystem function, and 
promote effective 
management. Encourage 
recycling of water, 
wastes, materials and 
energy through co-
location of 
complementary activities 
(1.1), innovative 
infrastructure (1.2), and 
technologies (1.3), 
preventing discharges to 
ecologically sensitive 
environments.   
Use catchment contexts 
for design and 
management (1.4). 

Collaboration between DJ Scott 
Associates, landscape architects/ 
designers, and Regis Holdings Ltd. 
(developers who support catchments as 
design units), enabled a subdivision 
design with covenanting that supports 
natural ecosystem function, and 
complies with requirements of the Flat 
Bush Variation to the Manukau District 
Plan.  
Limited co-location of activities to 
achieve resource efficiency (1.1), 
except for innovative sewage and 
stormwater onsite disposal (1.2/3) , that 
returns water to ground, and to 
wetlands and streams, and reduces 
discharges, thereby protecting the Otara 
Lake and the Tamaki Estuary, both of 
which require de-contamination for 
optimum ecological function. Regis 
Park contains 5 or 6 sub-catchments 
that are the design units for residential 
development (1.4).  These are sub-
catchments of the Flat Bush catchment, 
which discharges to the Otara sub-
estuary of the Tamaki estuary. 

Current: Friends of the Whau collaborate 
with Waitakere City Council (WCC) on 
protecting the natural features of the 
catchment and the riparian corridor. 
Potential: Ongoing partnership between 
community and WCC in the 
implementation of Green Network 
restoration, sustainable construction, and 
the incorporation of alternative 
stormwater approaches in redevelopment 
areas such as Living 6 of Plan Change 17. 
Current: No co-location for resource 
recycling efficiency (1.1). Resources and 
wastes flow regionally. 
District Plan Change 17 not catchment 
based.  
Integrated catchment management plan is 
based on catchment unit (1.4), but 
professional silos evident, as catchment 
remains business of engineers only. 
Potential: Little opportunity to increase 
resource recycling within catchment in 
this brownfield. Manufacturing has 
moved out of the site (1.1). Need to move 
District Plan approaches into a catchment 
context by staff education (1.4).  

Joint Venture with Iwi, NZ Land Trust/Darby 
Partners.  Consultation with community and 
agencies, including DoC to work through 
issues, but no workshop with councils before 
entering formal process. Multi-disciplinary 
approach to design that is well adapted to the 
natural processes on the site, including dune 
dynamics, water cycle maintenance 
infiltration-capacity through sand to 
groundwater, wetlands enhancement, and 
biodiversity protection.  
The aim for onsite sustainability was to apply 
a cyclical rather than linear approach to 
water, waste and energy. Apart from the 
possible irrigation of the golf course by 
recycled sewage effluent there is no 
intentional co-location of activities to ensure 
the outputs of one are the inputs for another 
(1.1). Innovative infrastructure for water 
supply, wastewater and stormwater proposed 
and implementation methods (1.2) explored. 
Designers were aware of the catchment 
context of this lowercatchment site but this 
has had little influence on design (1.4). Site 
and lower stream reach are recipients of 
agricultural discharges from upper 
catchment.  

Site was an estuary in the year 
1350. Prior to urbanisation, the 
land was used for intensive 
agriculture in a polder reclaimed 
in 1631. Design supports and 
creates artificial ecosystems 
including lake, wetland and forest 
with elements common to 
historical ecosystems.  
‘Clean’ stormwater from roofs 
and playgrounds flows to artificial 
lake. Lake water is recycled 
through and cleaned by co-located 
artificial wetland (1.1) and water 
quality treatment plant (1.3) 
before return to lake.  
Artificial catchment with partial 
containment of water achieved 
within polder boundaries (1.4). 
Contaminated stormwater from 
streets (first flush only is treated), 
sewage and solid waste is 
however exported to the 
surrounding environment for 
treatment and disposal. 

Appendix B.1b Primary Principle 1: Work with nature’s cycles on a catchment basis to maintain the integrity and mauri of ecosystems and minimise ecological footprints. 
Possible implementation methods Implementation in 

Palm Beach, 
Waiheke  

Implementation in a 
Titirangi catchment  

Implementation in Aurora, Melbourne 
 

Implementation in extension to Whitford Village  

Use guidelines, district plan 
provisions, covenants and the 
promotion of collaborative projects 
between, e.g. local government, 
community groups, tangata 

 Waitakere City Council 
provide leadership and 
coordination of the Twin 
Streams project, which is 
catchment based and brings 

Parties working together on sustainable solutions 
included: 
VicUrban, Yarra Valley Water, Melbourne 
Water, City of Whittlesea, Department of Human 
Services, Environmental Protection Agency, 

Landowner/developer sought advice/collaboration 
with a diversity of consultants, designers (Boffa 
Miskell; DJ Scott; Warren Mahoney), council and 
researchers sympathetic to sustainable designs based 
upon natural systems in the catchment context. 
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whenua, and private agencies that 
support natural ecosystem function, 
and promote effective 
management. 

together diverse 
stakeholders for the 
restoration and management 
of ecological processes, 
including riparian 
restoration throughout its 
catchments.  

Plumbing Industry Commission (Lim, 2002). The 
water cycle was modelled at catchment and 
smaller scales (McLean, 2003). 

Encourage recycling of water, 
wastes, materials and energy 
through co-location of 
complementary activities (1.1), 
innovative infrastructure (1.2), and 
technologies (1.3), preventing 
discharges to ecologically sensitive 
environments.   
Use catchment contexts for design 
and management (1.4). 

No intentional co-
location or 
innovative 
technologies. 
Catchment not 
intentionally used as 
basis for design. 

No intentional co-location 
or innovative technologies. 
Catchment not intentionally 
used as basis for design. 

Aurora has come close to eliminating the 
traditional linear approach involving the 
importation of water and exportation of waste.  
 
Innovative and holistic water cycle management 
minimises abstractions from, and discharges, to 
natural waters. Similar approach sought for other 
resources to reduce ecological footprint of the site 
(McLean, 2003). 

Some intentional water/ waste recycling will occur, in 
part because site is 2.5km beyond city edge. 
Innovative technologies to be used for stormwater and 
in eco-designed residences (1.2/3). Catchment context 
understood, and influences layout of site to minimise 
effects on estuary immediately downstream, and 
effect re-vegetation of stream riparian corridor 
through the site.  

 
 
Appendix B.2a: Secondary Principle 2.1: Effect/impact minimisation through site selection     
Possible Implementation Actions Implementation in Regis Park Implementation in New 

Lynn  
Implementation in Te Arai (a re-
assessment of that done by Ward, 
2005) 

Implementation in the Stad van de Zon, 
the Netherlands 

Integral part of wise site selection but The planting and growth of Throughout New Lynn WCC Project is a chance to reaffirm cultural VINEX national planning criteria include 

Prior to development or re-
development identify and delineate 
areas that are ecologically sensitive 
(2.1.1), and define limitations or 
constraints at a regional scale (2.1.2). 
Develop criteria for assessment and a 
basis for decision-making in 
selection of development area, and 
convert to Regional Plan provisions 
(2.1.3) or District Strategic Plan 
provisions (2.1.4). 
Ensure protection of culturally 
significant or culturally sensitive 
landscapes or sites for appropriate 
forms of design and development, 
where these values converge with or 
enhance natural processes or cycles 
(2.1.5). 

Regis Park is part of steep land 
spanning the headwaters of the Flat 
Bush catchment in Manukau City. 
(The Flat Bush catchment was 
selected as a Greenfield 
development site to accommodate 
40,000 residents.) In recognition of 
its topographical constraints Regis 
steep land was zoned for large-lot 
development only (Manukau City 
Plan Countryside Living Zone) 
unlike lower flats in the catchment 
that accommodate houses at 10X 
the density of Regis. It could be 
argued that no development should 
have been permitted and that 
complete forest cover would have 
provided better ecological outcomes 
for this steep land and reduced 
stormwater and sediment loss to the 
lower catchment.  

Current: New Lynn identified 
in Regional Growth Strategy 
for intensification.  
Inappropriate location for 
urban intensification with 
respect to estuarine 
degradation.  
Potential: Review of Growth 
Strategy (or its substitution 
with a spatial plan) from 2010 
could be an opportunity for 
re-evaluation but most 
intensification is in process. 
Opportunity here to promote 
LIUDD approach within 
greater Auckland strategic 
plan. 

Proposed development site is 
immediately south of Mangawhai 
sandspit, which has a breeding colony 
of threatened NZ dotterel (2.1.1). In 
Auckland Regional Policy Statement 
beach is identified as an ‘Outstanding 
Natural Landscape’ with the highest 
rating of 7.  Delineation stops short of 
the forest margin (2.1.2). Non- 
compliance with existing Rodney 
District Plan zone (2.1.4). Proposal 
shows convergence of cultural and 
environmental values in the selection of 
the site by Te Uri o Hau.  Property 
purchased by Iwi as part of Treaty of 
Waitangi settlement. Land holds 
cultural and historical significance 
partly as a food-gathering area. Māori 
and Regional Planning aspirations in 
conflict. 

There were in 1992 no existing ecologically 
sensitive features. The whole landscape and 
ecology are of human origin. Previously 
existing dwellings and farm buildings 
mainly located along the historic 
Middenweg lane. This visually dominant 
feature is fully integrated in the new layout. 
National urban planning criteria for site 
selection for urban expansion,VINEX 
developments (Boeijenga and Mensink, 
2008), were applied. Site selected to provide 
for urban expansion and recreation 
opportunities on the northern edge of the 
Randstad utilising existing road-rail links 
and employment opportunities. Existing 
polder infrastructure facilitated urban 
development – control of groundwater 
levels. The need to reduce leisure travel was 
a key factor in both location and design of 
the Stad. 
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not part of LIUDD programme. They 
may benefit from application of 
Principle 2.1 and other LIUDD 
principles. Therefore, encourage 
appropriate forms of development 
and design in culturally and visually 
significant areas. 

indigenous forest on half of the site 
will enhance landscape quality. 
This may be outweighed by the loss 
of natural character resulting from 
the construction of 66 houses. 

has incorporated symbols of 
settler history into 
redevelopment. This is likely 
also in the Living 6 zone, part 
of which was the site of 
Crown Lynn pottery. 

and spiritual links to Te Arai through 
the protection of cultural landscapes, 
conservation of cultural resources 
(kaimoana, and the use of cultural 
design principles, and the restoration of 
vegetation native to the area.  

the need to accommodate and integrate new 
development with what already exists – 
‘Use as points of difference’. The 
Middenweg, a culturally significant historic 
lane, became a key element in the design for 
the Stad.  
 

 
Appendix B.2b: Secondary Principle 2.1 Effect/impact minimisation through site selection  
Possible Implementation Actions Implementation in 

Palm Beach, 
Waiheke 

Implementation 
in Titirangi  

Implementation in Aurora, Melbourne Implementation in Proposed Whitford Village 

Integral part of wise site selection but not part 
of LIUDD. They may benefit from  application 
of Principle 2.1 and other LIUDD principles. 
Therefore, encourage appropriate forms of 
development and design in culturally and 
visually significant areas. 

Landscape quality 
and natural character 
protected under 
District Plan.   

Landscape 
quality and 
natural character 
protected under 
District Plan.  

 Opinions divided as to whether landscape quality 
and natural character are improved by conversion 
of pastoral land to village. High standards set for 
protection of character by Proposed Plan Change 
27. 

 
Appendix B.3a:  Secondary Principle 2.2 Efficient use of ecosystem services and infrastructure 
Possible Implementation 
Actions (code) 

Implementation in Regis 
Park 

Implementation in New Lynn  Implementation in Te Arai (re-assessment 
of that by Ward, 2005) 

Implementation in the Stad van de Zon, the 
Netherlands 

Develop and use economic 
instruments which price 
ecosystem services fairly and 
on an ongoing basis, taking 
account of all externalities 
including life cycle pricing 
(2.2.1). Provide comparative 

Natural ecosystems of 
wetland and indigenous 
forest, previously 
destroyed by pastoral 
farming, are being 
replanted thereby 
restoring biodiversity and 

Current: Present land use and 
infrastructure does not respect or 
maintain ecosystem services,but the 
existing drainage system for sewage 
and stormwater needs to be used until 
requiring replacement or until capacity 
is inadequate. 

Comparative costing has not been done for 
this project (2.2.1). The philosophy of the 
joint venture was that there is an 
environmental bottom-line, therefore the 
project was approached in a sustainable way, 
looking beyond conventional infrastructure. 
Economic barriers for property owners 

Sustainability was the driver for decision-
making in the city’s design and infrastructure 
provision. Ecosystems have been created to 
meet human needs for recreational water 
contact, plus walking and cycling in vegetated 
areas that previously did not exist. At the time 
the development was conceived the desire 

Prior to development or re-development, 
identify and delineate areas that are 
ecologically sensitive (2.1.1), and define 
limitations or constraints at a regional scale 
(2.1.2). Develop criteria for assessment and a 
basis for decision-making in selection of 
development areas, and convert to Regional 
Plan provisions (2.1.3) or District Strategic 
Plan provisions (2.1.4). 
  Ensure protection of culturally significant or 
culturally sensitive landscapes or sites for 
appropriate forms of design and development, 
where these values converge with or enhance 
natural processes or cycles (2.1.5). 

Minimisation of 
effects unlikely to 
have been a criterion 
for site selection for 
urban development 
many decades ago 
when first settled. 
Site chosen as 
holiday resort by the 
sea.  

Minimisation of 
effects unlikely 
to have been a 
criterion for site 
selection for 
urban 
development 
many decades 
ago when first 
settled. 

Catchment context considered: Additional urban 
intensification such as this within the Port Phillip 
Bay catchment must negate additional inputs of 
nitrogen to the Bay. Aurora has largely achieved 
this,(2.1.1/2). Areas of high conservation value 
within the site identified for preservation.  
Emphasis on improving areas previously subjected 
to degradation as a result of inappropriate land 
management. During design a/or the riparian 
corridor was identified for protection (McLean, 
2003). 
Site chosen to optimise rail link to Melbourne and 
proximity to employment in the adjacent suburb. 
Population of 25,000 large enough to support public 
transport (Lim, 2002).  

The intensification and extension of urban use at 
Whitford Village at the headwaters of the 
Turanga estuary is not ideal in terms of 
minimising receiving water ecosystem impacts. 
This and adjacent catchments have been 
identified in Regional and District Plans as 
unsuitable for urban expansion or intensification 
because of environmental sensitivity.  
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costing of ecosystem services 
versus conventional 
infrastructure, to achieve the 
same outcomes (2.2.2). Use 
this approach as a basis for 
the design and construction 
of alternative infrastructure 
(2.2.3). Use of existing 
infrastructure. 

facilitating water cycle 
functions. These restored 
natural elements form part 
of alternative drainage 
infrastructure for Regis. 
The multiple functions of 
this restored ecosystem 
should be accounted for in 
any costing of this 
restoration.  

Potential: Consider pricing estuarine 
and terrestrial ecosystems and the water 
quality improvement resulting from 
riparian revegetation. Urban 
intensification and the demand for 
increased capacity of drainage should 
be met in part through at-source 
stormwater minimisation and treatment. 
Costs will therefore be transferred from 
stormwater pipe network and treatment 
devices to at-source prevention devices. 

identified included the use of greywater and 
solar PVP.  These were offered as part of a 
‘green solution’ package in design guidelines 
to encourage adoption of same by land 
purchasers.  Price incentives were offered 
through collaboration with suppliers. 
Affordability is a principle of the project. 
Lifecycle costing could be used to 
demonstrate how houses could be more 
affordable to live in with savings in energy 
and water. 

was to use natural systems for infrastructural 
services and therefore conventional 
approaches may not have been fully costed. 
As the priority objective was emissions 
neutrality, the emphasis was on the use of 
European subsidised solar energy systems. 
Utilised existing dyke system to control water 
levels and linked to existing regional water, 
sewage and transport services. 

Appendix B.3b: Secondary Principle 2.2 *Efficient use of ecosystem services and infrastructure 
Possible Implementation Actions Implementation in 

Palm Beach, 
Waiheke 

Implementatio
n in Titirangi 
catchment 

Implementation in Aurora, Melbourne Implementation in Proposed Whitford 
Village 

Develop and use economic instruments 
which price ecosystem services fairly and 
on an ongoing basis, taking account of all 
externalities, including life cycle pricing 
(2.2.1). Provide comparative costing of 
ecosystem services versus conventional 
infrastructure, to achieve the same 
outcomes (2.2.2). Use this approach as a 
basis for the design and construction of 
alternative infrastructure (2.2.3). 

Limited existing 
infrastructure used 
efficiently. 

No alternative 
infrastructure. 
Efficient use of 
traditional 
infrastructure.  

Greenfield site; no existing infrastructure.  
Triple bottom line assessment and costing undertaken for the 
development. Financial modelling undertaken to set fees and 
charges (McLean, 2003). 
2.2.2/3 Comparative costing carried out for Aurora integrated 
water management versus conventional costing for sewage, water 
supply and stormwater.  
 
Regarding stormwater, some underground pipe and Gross 
Pollutant Trap savings. Saving on land requirements for end of 
line treatments (Roberts, 2003).  
 

Proposed Manukau District Plan Change 27 
Supporting Urban Design and 
Environmental Guidelines show the priority 
placed by Manukau City on the 
maintenance of ecosystem carrying capacity 
and condition. No existing water related 
infrastructure so maximising of use not 
possible.  

Appendix B.4a: Secondary Principle 2.3 Maximise localisation of resource use and waste minimisation 
Minimises impact on areas adjacent to catchment, reduces ecological footprint. Minimises downstream effects such as bioaccumulation in receiving waters. 
Possible 
Impleme-
ntation 
Actions 

Implementation in Regis Park Implementation in New Lynn   Implementation in Te Arai (re-
assessment of that by Ward, 
2005) 

Implementation in the Stad van de Zon, the 
Netherlands 

Maximise 
use of local 
water  
Minimise 
contamin-
ant export 
from 
catchment 
(2.3.1). 

Loss of stormwater contaminants 
minimised by filtration through raingardens 
and wetlands. No reuse of local water 
anticipated. City reticulated water supply 
available, no mandatory raintanks on 
individual properties.  

Current: Water and contaminant cycles not 
contained. Contaminated stormwater enters Whau 
River and estuary – very degraded. Depleted 
biodiversity except in riparian patches. Sewage 
treated in South Auckland with effluent 
discharging to a different harbour.  
Potential: Little change anticipated.  

Onsite sustainability is proposed.  
Water is sourced on site by 
rainwater harvesting, bore water 
from the middle aquifer and water 
retention ponds.  Wastewater 
disposal is to land, and the reuse 
of sewage effluent could occur 
through golf-course irrigation.  
Zero discharge of stormwater to 

Containment of water cycle partially achieved. 
First flush of stormwater exported with sewage 
in combined system. No use of swales, or 
biofiltration to remove contaminants. Lack of 
slope/gravity means water from devices would 
have to be pumped. Flooding of such devices 
would be an issue. Little capture of rainwater 
except in downpipe rain-barrels. A missed 
opportunity with high demand on Netherlands 
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the coastal or stream 
environment, and infiltration used 
to recharge groundwater. 

groundwater systems.  

Reduce, 
reuse, 
recycle 

Minimal. Most waste to regional landfill. 
Curbside recycling service as in all of 
Auckland. Employment node anticipated in 
lower Flat Bush catchment and adjacent 
Botany Town Centre.  

Current: Regional but not local recycling within 
case study area. Limited employment currently in 
New Lynn. 
Potential: District Plan Change 17 provides for a 
substantial increase in jobs in New Lynn to 
complement housing intensification in Living 5 
and 6 zones. 

Little local recycling likely. 
Negligible opportunity for local 
employment (2.3XX). 

Limited internal employment. High levels of 
commuting as at 2009. Employment in 
towns/cities is within a half-hour commute by 
cycle/train. 

Appendix B.4b: Secondary Principle 2.3* Maximise localisation of resource use and waste minimisation 
Minimises impact on areas adjacent to catchment, reduces ecological footprint. Minimises downstream effects such as bioaccumulation in receiving waters. 

  
Possible 
Implementatio
n Actions 

Implementation Palm 
Beach, Waiheke 

Implementation  Titirangi 
catchment 

Implementation  
Aurora, Melbourne 

Implementation in Proposed Whitford Village 

 
  

Maximise use 
of local water.  
Minimise 
contaminant 
export from 
catchment 
(2.3.1). 

Local rainwater is the 
only water supply. 
No intentional export of 
water, wastewater or 
contaminants from 
catchment.  

Residential area serviced by regional 
scale reticulated water supply and 
sewerage. 

Outstanding 
achievement of water 
cycle containment and 
integrated 3-waters 
management.  

A high degree of containment is likely as a result of the 
intentional design elements described in Section 5.2.3, 
including grey water reuse, rain water use, at-source 
stormwater treatment, and local sewage treatment. 

 
 

2.3X Reduce, 
reuse, recycle 

Extremely good reuse and 
recycling system operates 
on all of Waiheke Island. 
Relative isolation of 
Island encourages self-
sufficiency, stimulated by 
cost of removing waste 
from Island.  

Minimal recycling and reuse of local 
neighbourhood goods.  Part of larger 
city environment, with easy access for 
goods, services and employment on a 
regional scale. Heavy dependence on 
car travel, and truck transport for 
goods, to support this. Food from 
supermarket imported from region, 
nation, globe. 

2 local town centres 
supply goods and 
services. Building 
materials from 
sustainable sources and 
building waste 
collected, sorted and 
recycled (VicUrban, 
2009). 

Recycling during both construction and operation of new 
village to be maximised, as outlined in the 
WVSPADEGuidelines (2.3X) (MCC, 2008). 
 
Site is isolated from significant local employment 
opportunities, the nearest being at least 10 km away and 
accessible only by car (2.3 XX).  

 
Appendix B.5a:  Tertiary Principle 3.1 Encourage alternative development forms that retain, restore or create natural space and increase infrastructure efficiency. 
Possible 
Implementation Actions 

Implementation in 
Regis Park 

Implementation in New 
Lynn  

Implementation in Te Arai (re-
assessment of that by Ward, 2005) 

Implementation in the Stad van de Zon, the Netherlands 
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Prior to development or 
re-development identify 
and delineate local areas 
that are ecologically 
significant (3.1.1), 
thereby defining 
limitations or constraints 
within the catchment 
(3.1.2). Similarly identify 
appropriate prime 
development locations 
(3.1.3), including areas 
with spare infrastructure 
capacity (3.1.4). Develop 
criteria for assessment 
and a basis for decision-
making in the selection of 
development areas (3.1.5) 
and convert these to 
District plan provisions 
(3.1.6) with covenanting 
(3.1.7) or other protective 
methods. 
 

Countryside living 
zone allows for house 
lots of 5000m2. In the 
case of Regis Park, 
houses have been 
clustered on medium 
slopes so that half of 
the site could be set 
aside as covenanted 
private communal 
land for the express 
purpose of replanting 
it in indigenous forest 
and wetland. Most 
houses are 2 levels 
reducing footprint. 

Current: Increased 
density of housing is 
occurring but not 
clustering (3.1A) to 
generate complementary 
open space for improving 
biodiversity restoration or 
hydrological neutrality. 
Potential: Living 6 zone 
facilitates vertical over 
horizontal form. 
Opportunities exist in a 
Living 6 zone to 
accommodate the 
population and still 
protect open space for 
nature.  
Concentrate parking 
into/under multilevel 
buildings to release open 
space from ground level 
car parks. Need to protect 
open space between 
apartment buildings. 

Site analysis included landscape, ecology 
and climate.  A composite of landscape and 
ecology was compiled to rank sensitivity 
and importance of information conservation 
areas (3.1A) including existing wetlands. 
The  Te Arai stream and fore dune system 
were ranked highly (3.1.2). Maps identified 
conservation, recreation, and development 
areas as a land suitability outcome.  
Principles, options assessment, and the rest 
of design process were applied (3.1.5). An 
application for a special zone for the land in 
the District Plan was necessary, with a 
structure plan used to implement the 
concept. Areas of ecological importance to 
be managed through various approaches; 
legal deed anticipated between joint venture 
and council to deliver on commitments, 
including zoning, vesting of land to public 
agencies, vegetation management plan, 
coastal dune management plan, 
conservation plans, trusts and grants, 
residents’ association rules (3.1.6/7). 

Housing density is high. Houses are of wide diversity of form 
including single houses, duplex, townhouses, row houses and few 
apartments up to 4 storeys maximum and one high-rise living tower. 
Great visual and cost diversity, well mixed, 30% subsidised social 
housing. Vertical over horizontal form is part of the Netherlands 
tradition and site design protects space for water, wetland and forest. 
Minimal predevelopment environmentally sensitive areas to protect 
(3.1.1) but created in design. Prime development locations created on 
town square and private peninsulas (3.1.3). Much of the open space 
that is protected is water and therefore less pressure to infill for 
development. Wetlands, lake and forest are publicly owned and 
managed. Water spaces used as key control element in spatial design 
layout.  

Restore and enhance 
landscape quality 

Landscape quality and 
natural character will 
be upgraded in those 
areas where 
revegetation has 
occurred. This is 
offset by the 
construction of roads 
and house sites on the 
balance of the estate. 

Need to recreate forest 
adjacent to waterways and 
in public open space. 

The Te Arai site would be in transition from 
a commercial pine forest to more diverse 
uses. This provides opportunities for 
restoration of some of the native forests and 
wetlands on the site. The dune landscape 
needs to be maintained and protected from 
erosion or construction.  

Attempt has been made to restore historical natural ecosystem. The 
landscape quality over the site has been improved by the conversion 
of a flat grassed/cropped site into a site with diverse environments 
including lake, wetland, forest and residential areas. This partially 
restores the original natural character and augments it with greater 
diversity of ecosystem and visual environment of high landscape 
appeal. 

Appropriate forms of 
development in culturally 
significant areas. 

  This has previously been explained in 2.1X Some houses are designed and decorated to reflect past traditional 
Dutch housing patterns, designs and colours many of which stand (as 
traditionally) adjacent to canals. Some designs reflect farm-houses 
and drainage pumping stations (Brandaris). Trees are grown 
(espalier) in lateral compression along a retaining wire trellis. Streets 
are paved rather than asphalted. High density, multi-level housing 
and bicycle use are traditional. 
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Appendix B.5b: Tertiary Principle 3.1 Encourage alternative development forms that retain, restore or create natural space and increase infrastructure efficiency. 
Possible Implementation Actions Implementation in Palm 

Beach, Waiheke 
Implementation in 
Titirangi catchment  

Implementation 
in Aurora,  

Implementation in Proposed Whitford Village 

Prior to development or re-development, 
identify and delineate local areas that are 
ecologically significant (3.1.1), thereby 
defining limitations or constraints within 
the catchment (3.1.2). Similarly identify 
appropriate prime development locations 
(3.1.3), including areas with spare 
infrastructure capacity (3.1.4).  Develop 
criteria for assessment and a basis for 
decision-making in the selection of 
development areas (3.1.5), and convert 
these to District plan provisions (3.1.6), 
and covenanting (3.1.7), or other 
protective methods. 
 

Limited pre-development 
reservation of ecosystems 
decades ago but whole 
catchment is heavily vegetated. 
No intentional clustering of 
buildings but building density is 
low so there is substantial open 
space for biodiversity.  
Landscape quality and natural 
character are already of high 
caliber, and need little 
enhancement. They do however 
need protection. 
Building style is carefully 
screened during resource 
consent process to ensure the 
visual compatibility of new 
structures with existing cultural 
and natural character.  

Some pre-
development 
reservation of 
terrestrial ecosystems 
decades. Whole 
catchment is heavily 
vegetated. No 
intentional clustering 
of buildings but 
building density is 
low, so there is 
substantial open space 
for biodiversity. 

Clusters of both 
high and medium 
density housing, 
mostly 2 – 3 
storeys high, 
adjacent to town 
centres (Lim, 
2002; VicUrban, 
2009). Designers 
promise more 
parks than in 
other equivalent 
city fringe 
developments 
(VicUrban, 2009). 

750 m2 of land available per residence averaged over the whole site 
(Bruce, pers. comm. 2006). Residences to be clustered in mixed housing 
styles ranging from three, two and one dwelling under each roof. Some 
multistorey construction up to 3 levels is anticipated to reduce ground 
footprint. 38% site coverage in buildings (Bruce, pers.comm. 2006). This 
will generate communal open space, some of which will be revegetated.  
Proposed Manukau District Plan Change 27 reduces minimum lot size, 
excluding communal space to 200m2, thereby facilitating clustering. 
Small building footprints relative to site area are visible in Manukau City 
Structure Plan for Whitford Village (MCC, 2009a). 
Landscape quality and natural character will be upgraded in those areas 
where re-vegetation occurs. This is offset by the construction of roads 
and house sites on the balance of the site. Strict District Plan controls are 
expected to minimise impact. 
Visual heritage values of Whitford village adjacent are to set the 
benchmark for controls on building form, colour and materials in the 
adjacent development. 

 
Appendix B.6a: Tertiary Principle 3.2 A – E  Localise and naturalise water, soil and nutrient cycles. Optimise recycling, minimise external demand and discharges. Optimise ‘integrated 
three (or four) waters management’ within local catchment.  
Possible Implementation 
Actions 

Implementation in Regis Park Implementation in New Lynn  Implementation in Te Arai 
(re-assessment of that by 
Ward, 2005) 

Implementation in the Stad van de Zon, the 
Netherlands 

Use “natural processes”, 
streams and wetlands as 
infrastructure (3.2.1). 

Regis Park is an excellent example. 
Streams and wetlands receive 
stormwater and effluent first filtered 
by forest. 

Current: Streams apart from 
Whau are piped and destroyed. 
Potential: Seek opportunities 
for construction of more 
artificial wetlands for at-source 
control and decontamination of 
stormwater. 

Natural soakage processes 
within the soil mantle and 
vegetative cover.  Stormwater 
overflow conveyed to wetlands 
– also utilised as surface 
landscape features.  Swale 
systems to distribute water, 
discharge it to ground, or 
convey it to wetland retention 
systems. 

No concept of natural streams on this site. Instead there 
has been an artificial network of drainage canals. These 
are replaced on this site by an artificial lake and wetland 
system that are part of multipurpose infrastructure 
maintained by pumping. 
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Avoid curb and channel 
storm water reticulation 
systems (3.2.2), and 
provide pipes only for 
overflows, not for base 
flow (3.2.3). 

The Regis site was assessed by 
engineering consultants to be too 
steep for the use of swales on street 
sides. A decision was therefore made 
to install conventional street drainage, 
but stormwater is then directed to 
perforated pipes that disperse 
stormwater along wetland margin.  

Current: Not achieved. 
Conventional curb/channel 
exists throughout. 
Potential: Opportunities in 
Living 6, which is still under 
development, and for 
retrofitting of some existing 
community areas. 

Curbs only to be used where 
necessary – on steep grades or 
sharp corners.  Vegetated 
swales implemented instead. 
Pipes provided for overflows 
only. 

Stormwater system from streets is reticulated to 
combined sewer system. Rainfall runoff from ‘clean 
areas’ like roofs and school ground goes to lake. 
Drainage is a critical issue in Dutch polders. 

 Protection (3.2.4), and 
revegetation (3.2.5) of the 
riparian corridors.  
Identification, protection or 
re-creation of indigenous 
habitats, including 
wetlands, forests, springs, 
and streams – both 
perennial and ephemeral 
(3.2.6). 

Fully implemented at Regis Park. Current: Friends of Whau and 
Waitakere City Council 
working towards this. 
Potential: Ensure continuity of 
riparian corridor. Either acquire 
further riparian land and re-
vegetate or require increased re-
vegetation of riparian private 
lots. 

Riparian margins of Te Arai 
stream (perennial) is currently 
degraded and will be re-
vegetated in appropriate 
indigenous species.  Existing 
wetlands protected and to be 
replanted in appropriate 
indigenous species.  New 
wetlands proposed. 

Creation of lake, wetland and forest ecosystems. Little 
riparian vegetation on canals.  

Identification, protection, 
rehabilitation, re-creation 
and maintenance of 
culturally significant 
natural areas such as 
mahinga kai, kaimoana, 
taonga (3.2.7). 

No information available.  Retention of beach, stream 
values and wetlands.  
Procedures in place in finding 
taonga (Māori treasures/ 
artefacts), during development 
phases. 

Traditional practices encouraged: Trees grown/pruned 
along wire trellis is space sensitive and, secondarily, 
allows for evapo-transpiration in limited spaces. Trees 
planted tightly spaced along roads and streets – 
Middenweg.  

Provide financial, rating or 
other incentives to 
encourage developers and 
land owners to retain or 
create these natural features 
(3.2.8). 

No incentives known.  Trusts set up to fund vegetation 
management plan, coastal dune 
management plan and Fairy 
Tern protection fund – a 
percentage from lot sale. 

The council is the lead developer and in consultation with 
the private sector provides detailed site development 
plans for implementation by sub-contractors. Contracts 
are tended for on the basis of standards to be met and 
natural infrastructure to be provided or accommodated.  

 Re-vegetate upper 
catchments (3.2.9), and all 
erosion prone areas 
(3.2.10). 

Stream and valley parts of upper 
catchments have been replanted 
covering up to 50% of the site. The 
whole Regis site is upper catchment 
for the Flat Bush catchment. The most 
erosion prone areas have been 
protected. 

Current: Upper catchment is 
predominantly conventional 
residential with little 
opportunity to re-vegetate 
except on private lots.   
Potential: WCC to provide 
incentives to residents to re-
vegetate a proportion of each 
private lot. 

Not considered. 
This is beyond the developer’s 
control.  It could be encouraged 
as part of the community 
environmental ethic – like the 
beach care group.  
Re-vegetation on slopes. 

There is no catchment as such. Polder is flat.  
Erosion will mostly occur along canal edges that are not 
reinforced. Water level in the lake will vary within a 
controlled range. This will intermittently expose banks 
that left unmanaged may slump.  Most canal edges in the 
Stad are lined with plastic/wood or concrete-boulders 
(basalton). 

Encourage high biomass 
vegetation systems to trap 
rain and plant species with 
high evapo-transpiration 
capability (3.2.11). 

Regis trees have been planted very 
close together to minimise weed 
infestations. Road widths have been 
minimised but roads were considered 
to be too steep for swales. Residents 

The potential for the adoption 
of many of appropriate devices 
and planting of public open 
spaces in Living 6 has been 
demonstrated in a student 

3.2.11 Not considered. 
Could become a factor in 
vegetation trials. Road widths to 
suit actual traffic densities. 
Runoff from roads to discharge 

Impervious surfaces are not intentionally minimised in 
residential areas but perviousness over the Stad as a 
whole balances out. Utility in living areas is the priority. 
Paving is substantial although residential streets are 
narrow (3.2.12) and parking cellars underground limit 
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 Adopt narrow roads 
(3.2.12), swales (3.2.13), 
rain gardens (3.2.14), 
biofiltration (3.2.15), 
porous paving (3.2.16), on-
site detention tanks 
(3.2.17), and ecoroofs 
(3.2.18). 

are required to construct a raingarden 
in each lot. No porous paving in 
communal spaces as impervious soils 
make use unlikely. 
There are no onsite detention tanks or 
biofiltration trenches.  
Ecoroofs on houses now under 
construction are unlikely. 

research project (Schors, 2006).  directly to grassed swales. 
Raingardens and ecoroofs not 
considered. Soakpits will 
provide infiltration function. 
Porous paving, gravel or grass 
for accessways, footpaths and 
parking. Soak pits with holding 
tanks to hold water temporarily, 
and then release slowly.  Most 
likely only in use in winter. 
Ecoroofs could be part of 
‘green’ solution package 
encouraged through design 
guidelines.  
 

surface demand for space. Footpaths and bike paths in 
every street. Most roofs are steep reducing suitability for 
ecoroofs. Some flat roofs on schools could be greened. 
Rain detention is in the lake and wetland. Following 
removal of the first flush of stormwater to the combined 
sewer surplus post-flush stormwater from streets is 
discharged to canals where water quality expectations are 
lower than in the Stad lake. This discharge system can 
only function by ignoring externalities, that is, accepting 
lower water quality standards in receiving waters.  

Provide for ongoing 
maintenance of stormwater 
control devices (3.2.19). 

Communal facilities including 
stormwater features on communal 
land, will be managed on contract to 
the Regis Park Incorporated Society, 
which is managed by residents.  

Current: Maintenance in 
public spaces largely 
responsibility of WCC and 
Ecowater. 
Potential: As for status quo in 
public areas. Body corporate 
management and contracting for 
maintenance of devices in 
grounds of residential 
complexes. 

Considered by developer to be 
essential to gain resource 
consent. 

 Annual removal of silt suggested by Gemeente engineer. 
Sediment to be tested for contaminant levels and disposed 
of according to level of contamination – composting; 
immobilisation and reuse on building sites; land-filling; 
incineration; and into forest. Systems too recently in use 
for maintenance to have become necessary. 

 Camber all impervious 
surfaces, including roads, 
to direct run-off to above 
devices or to natural 
vegetation areas on 
pervious soils (3.2.20). 

See above notes for compliance. Site 
has impervious soils.  

Current: Little camber to drain 
stormwater to vegetated 
devices. Camber to stormwater 
drains/pipes  
Potential: Re-camber roads and 
build biofiltration only when 
roads in brownfield areas are 
due for upgrading. 

Stormwater gravitated from 
swales to short term retention 
ponds or wetlands for each 
cluster of houses. 

Soils are pervious (sand) but waterlogged and 
groundwater quality needs to be protected, therefore this 
is not done. The groundwater levels are high and variable.  

 Use organic soils and 
compost to optimise 
function of raingardens 
(3.2.21). 

Advice on raingarden design and 
installation available to residents from 
the Regional Council and Landcare 
Research Ltd.  

No raingardens. Biofiltration 
garden in Civic Centre carpark. 

Not considered, no raingardens. No raingardens – groundwater levels are too high. 

 Protect and enable 
overland flow paths 
(3.2.22), and flood plains 
(3.2.23). 

Restoration of wetlands and valley 
floor vegetation provides for this. 

Current: Identify flood areas 
under ICMP.  
Potential: protect from 
construction during 
intensification or 
redevelopment.  

Overland flow paths maintained 
by allowing their natural 
watercourse with gravitation to 
wetlands. 
There is no floodplain. 
 

Limited overland flow paths over porous sand. Lake 
functions in a similar manner to detention ponds. Lake 
level is designed to vary up to 1 metre providing greater 
buffering than traditional canal systems in Dutch polders. 
Stad lake provides polder water storage capacity at a 
scale not previously seen in Netherlands residential areas. 
Confirm with statistics. Water level is maintained at a 
slightly higher level than in adjacent polders to prevent 
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lateral infiltration by inferior quality water.  
 
Appendix B.7a: Tertiary Principles 3.2 F – J: Wastewater and Water supply 
Possible Implementation Actions Implementation in Regis Park  Implementation in 

New Lynn  
Implementation in Te Arai (reassessment 
of Ward, 2005) 

Implementation in the Stad van de Zon, the 
Netherlands 

 Use of modern systems of Clivus 
multrum (3.2.24), compost toilets with 
flush pan (3.2.25), wetland treatment 
systems (3.2.26), as well as large scale 
sewage treatment plants with effluent 
recycling to land (3.2.27) or to dual 
water supply (3.2.28). Consider 
reticulated grey water systems (3.2.29), 
in lieu of full sewage reticulation. 
 

No consideration of compost 
toilet systems. Regis Park lies 
immediately beyond the 
metropolitan area serviced by 
the urban sewage reticulation. 
For an interim period at least 
the development has installed a 
community sewage treatment 
plant. The effluent from this 
plant is to be spray irrigated 
onto part of the replanted 
indigenous forest. This will 
provide some tertiary treatment 
for the removal of plant 
nutrients and pathogens so 
protecting watercourses 
downstream.  

Current: None of these. 
Potential: Little 
opportunity or incentive 
for water recycling, as 
water is cheap and 
abundant. Sewage 
treated on regional scale 
– investment in 
infrastructure is 
unlikely to allow any 
change. 

With the exception of 3.2.27 none of these 
methods were considered. The installation 
and use of compost toilets could be part of 
the ‘green solution package’ encouraged by 
the  design guidelines.  
Sewage is to be conveyed to a treatment 
pond or batch plant for secondary treatment.  
Possible sludge reuse.  Various disposal 
options including; golf course fairway, 
golfcourse, buffer irrigation, forest 
irrigation, coastal margin irrigation, and 
village greens. 

No evidence of uptake of any of these methods. 
The Stad sewage is treated in a conventional 
treatment system for the city of 
Heerhugowaard. The effluent is disposed of by 
discharge to canals and then to sea.    

 Dual water supply (3.2.30), use of 
water tanks (3.2.31) and water efficient 
appliances (3.2.32). Low flow tap 
fittings (3.2.33) recycle grey water for 
toilet and outside use (3.2.34). 

None of these have been 
achieved, as city reticulated 
water supply is available. 

Current: No potable 
water use efficiency in 
current community 
Potential: Provide 
incentives for 
retrofitting of raintanks 
and water efficient 
appliances. 

No reticulated or dual water supply. Roof 
rainwater harvested tank storage for 
individual dwellings encouraged by LEED 
principles.  Enforced via Residential 
Association rules/design guidelines. 
Economic barriers to greywater recycling – 
encouragement for individual sites under 
‘green solutions’ package in design 
guidelines. 

There is currently no shortage of water. The 
preference is for large-scale water supply 
systems rather than multiple small systems on 
the basis of better quality control. Dual supply 
systems have been avoided as the large dune-
based water supply systems can cope with 
fewer problems and no risk of cross 
connections.  

 Gardens designed to favour indigenous 
vegetation adapted to local climate 
conditions (3.2.35). 

Gardens on individual lots will 
be designed and planted by 
residents and are unlikely to 
have a high indigenous 
vegetation component.  

 A rule in the proposed zone states that all 
vegetation planted must be native.    
 

Highest priority given to visual amenity in 
garden design and plant choice. Residential 
gardens are watered in summer but gardens are 
small.  

 Provide systems which treat/sterilise 
rainwater for hot water use (3.2.36). 
Use of tailored plumbing systems to 
prevent cross-connection of potable 
and non-potable systems (3.2.37). 

Not achieved.  Rainwater will supply hot water systems in 
houses anyway.  Sterilisation not 
considered. 
Cross connection issue irrelevant as no dual 
water system. 

Not considered. 
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Appendix B.8a: Principle 3.2K Urban earthworks management. 
Possible implementation 
actions 

Implementation in Regis Park  Implementation 
in New Lynn  

Implementation in Te Arai (adaptation and 
reassessment of Ward, 2005) 

Implementation in the Stad van de Zon, the 
Netherlands 

Restrict earthworks on 
slopes identified in 
planning documents as 
unsuitable for 
development (3.2.38) and 
on significant ecological 
areas (3.2.39). 
Use techniques such as 
clustering to concentrate 
buildings on suitable soil 
types and slopes, leaving 
areas naturally unsuitable 
for construction in a 
vegetated and 
undisturbed condition 
(3.2.40). 

The urban designer and developer of 
Regis Park were very aware of the 
steepness of the site and the need to 
limit earthworks. Misunderstandings/ 
miscommunication with the earthworks 
contractor at the time of development 
resulted in some errors in terms of site 
disturbance, leading to inappropriate 
loss of sediment from the site. Valley 
floors and streams and the steepest 
slopes were protected from earthworks. 
Site layout was designed to minimise 
the disturbance of valuable and 
vulnerable sites. Clustering was used to 
protect ecologically vulnerable areas 
and re-vegetation of these areas has 
been completed.  

No compliance 
with this in 
existing urban 
area of New Lynn.  
Earthworks in 
Living 6 zone 
(Variation 17 to 
the WCC District 
Plan) completely 
stripped the site, 
which was 
previously in light 
industry. Little 
opportunity 
foreseen for future 
implementation.  
 

Setback requirements for steep slopes and active 
erosion /accretion areas when identified and 
recognised in zone guiding development.  Detailed 
design of each stage of works can account for 
requirements and avoid erosion works.  Slopes for 
development areas for building platforms limited to 
max 15 degrees to horizontal. 
Areas of built development a minimum of 50 
metres from riparian margins.  Concept has 
buffered areas of ecological significance away from 
residential areas and high use areas. Clustering of 
residential development explicit in layout, with 
avoidance of the conventional grid layout.  Allows 
organic lot design that is responsive to natural 
contours of land in areas that have been identified 
as suitable for development from site analysis plans 
and land use suitability. 

No steep land; flat land; no erosion issue. 
Earthworks were extensive, involving creation of 
land and lake out of flat drained agricultural area 
but the site was a closed system. Forest site 
earthworks created higher land areas, drier than the 
original polder and suitable for forest. Residential 
use tightly clustered onto artificial square island and 
lake fringes, leaving space for lake, wetland and 
forest. But it is not a case of concentrating 
development to leave environmentally sensitive 
areas undisturbed as the ecosystems are created 
also. The primary objective of lake, wetland and 
forest creation is to provide for human recreation,  
emissions neutrality and water treatment; 
biodiversity objectives appear to be secondary.  

 
Appendix B.6b; B.7b; B.8b: Tertiary Principle 3.2 Localisation and naturalisation of water, soil and nutrient cycles. Optimise recycling, minimise external demand and discharges.  
Possible Implementation Actions Implementation in Palm 

Beach, Waiheke 
Implement-ation 
in Titirangi  

Implementation in Aurora, Melbourne Implementation in Proposed Whitford 
Village 

Use “ natural processes” streams and wetlands as 
infrastructure (3.2.1). 
Avoid curb and channel storm water reticulation 
systems (3.2.2), and provide pipes only for 
overflows, not for base flow (3.2.3). 
 Protection (3.2.4), and re-vegetation (3.2.5), of the 
riparian corridors.  Identification, protection or re-
creation of indigenous habitats, including wetlands, 
forests, springs, and streams – both perennial and 
ephemeral (3.2.6). 
Provide financial, rating or other incentives to 
encourage developers and land owners to retain or 
create these natural features (3.2.8). 

Natural streams and 
wetlands in catchment 
convey stormwater. No curb 
and channel stormwater 
infrastructure. Road runoff 
is via flush edges to 
roadside vegetated 
depressions. Effective 
impervious area is very low. 
Catchment is well vegetated 
around all houses, stream 
riparian cover is not 
continuous, and some 
residents mow lawns to 

Natural streams 
convey 
stormwater.  
Riparian 
restoration 
ongoing for 
Waitakere 
streams. 

Attempts to mimic natural stormwater flows 
(McLean, 2003). Local wetlands used as back 
up to receive stormwater (Lim, 2002).  
Bioretention swales in road reserves treat 
road runoff and “front draining allotments”. 
 Allotment scale rain gardens within the 
house block to treat “rear draining 
allotments” (Roberts, 2003). Overflow 
discharge from bioretention to pools in 
Edgars Creek (Lim, 2002). Riparian 
vegetation restoration underway – see 
Principle 3.4A/B. 

Swales, raingardens and wetlands are to be 
constructed to manage stormwater 
‘naturally’.  
Natural stormwater system designed. No 
piping of stream. 
Riparian revegetation of stream path and 
Turanga Estuary using predominantly 
indigenous species. Stream to be set aside 
and protected. 
 Financial incentives not available. 
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stream edge.  

 Re-vegetate upper catchments (3.2.9), and all 
erosion prone areas (3.2.10). 

Catchment headwaters in 
low forest. Some re-
vegetation ongoing.  

Some re-
vegetation 
ongoing. 

 Upper catchment not on site. 
Stream edge to be revegetated. 

Encourage high biomass vegetation systems to trap 
rain and plant species with high evapo-
transpiration capability (3.2.11). Adopt narrow 
roads (3.2.12), swales (3.2.13), rain gardens 
(3.2.14), biofiltration (3.2.15), porous paving 
(3.2.16), on-site detention tanks (3.2.17) and 
ecoroofs (3.2.18). 

No ‘low impact’ stormwater 
devices but good vegetation 
cover for evapo-
transpiration. 

No ‘low impact’ 
stormwater 
devices. 

Most of these techniques have been adopted 
(VicUrban, 2009). 

Narrow village accessways planned. 
Achievement of 15% effective 
imperviousness a credible target. 
Use of porous paving, a raingarden in each 
private lot, and weirs anticipated (Bruce, 
pers.comm. 2006). Methods limited by soils 
with little or no permeability. Roof water to 
rain tank storage.  

Provide for ongoing maintenance of stormwater 
control devices (3.2.19). 

   Communal facilities including stormwater 
features on communal land will be managed 
on contract to Incorporated Society or other 
legal equivalent that will be formed by 
residents (Bruce, pers.comm. 2006). 

 Camber all impervious surfaces, including roads, 
to direct run-off to above devices or to natural 
vegetation areas on pervious soils (3.2.20). 

   Anticipated. 

 Use organic soils and compost to optimise 
function of raingardens (3.2.21). 

   Anticipated following of best practice 
developed by Landcare Research (Simcock 
et al., 2006). 

 Protect and enable overland flow paths (3.2.22), 
and flood plains (3.2.23). 

  Achieved Overland flow paths in minor stream-ways 
on site to be protected from development. 

 
 
 
Possible Implementation Actions Implementation in Palm Beach, 

Waiheke 
Implementatio
n in Titirangi 
catchment  

Implementation in Aurora, Melbourne Implementation in Proposed Whitford 
Village 
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 Use of modern systems of Clivus 
multrum (3.2.24), compost toilets 
with flush pan (3.2.25), wetland 
treatment systems 
(3.2.26), as well as large scale 
sewage treatment plants with effluent 
recycling to land (3.2.27) or to dual 
water supply 
(3.2.28). Consider reticulated grey 
water systems (3.2.29), in lieu of full 
sewage reticulation. 
 

Most Palm Beach houses are serviced by 
septic tank systems, with effluent 
irrigation to gardens. Waiheke Island is 
known to have more compost toilets than 
any other part of Auckland City. No 
modern individual or communal grey 
water systems.  

No local sewage 
treatment as 
Titirangi is 
connected to the 
regional sewer. 
 

Wastewater treated on adjacent site to the town. 
Effluent treated to class A standard suitable for 
secondary (dual) water supply, and stored over 
winter in tanks near sewage plant. 1203ML of 
effluent (Lim, 2002), and 24 tonnes of N and 8 
tonnes of P (McLean, 2003), not discharging to 
Port Phillip Bay. Sewer capacity is also not 
available to the north of Melbourne until after 
2012 (McLean, 2003).  

The construction of a wastewater treatment 
facility prior to development is a 
requirement of Proposed Plan Change 27. 
Land is being acquired by Council close to 
Sailyard Road.  
 
No plans for compost toilets, effluent 
recycling for dual water supply. Grey water 
recycling for irrigation required by Council. 
Water shortage an incentive for adoption of 
above methods that would also benefit the 
adjacent estuary by reducing runoff. 

 Dual water supply (3.2.30), use of 
water tanks (3.2.31), and water 
efficient appliances (3.2.32). Low 
flow tap fittings (3.2.33) recycle grey 
water for toilet and outside use 
(3.2.34). 

No water supply from local waterways, 
every house has its own rainwater tank for 
domestic supply.  
Little intentional planting of indigenous 
plants in order to conserve water as there 
is no shortage of rainfall.  

Connected to 
regional water 
reticulation. 

Cyclical water management reduces demand on 
a regionally scarce water resource. Triple 
source water supply: potable, reclaimed sewage 
effluent, roof rainwater minus first flush. 
Rainwater only to hot water system.  Potable 
water represents only 30% of total supply (Lim, 
2002). Water efficient appliances (AAA rating) 
and fixtures installed lead to 26% saving in in-
house water use (McLean, 2003). 

Rainwater tanks are required by Council 
(WVSPADE Guidelines, MCC, 2008) to be 
installed on new houses. These may be 
fitted under buildings or decks (Bruce, 
pers.comm.). Link to regional reticulated 
water supply not available.  

 Gardens designed to favour 
indigenous vegetation adapted to 
local climate conditions (3.2.35). 

Gardens are landscaped with a mixture of 
exotic and indigenous species. 
Established gardens on Waiheke are water 
limited for only a couple of months in 
summer. 

Extensive 
native tree 
cover in 
residential 
properties. 

Environmentally sensitive species to be used in 
landscaping streets (VicUrban website, 2003). 
Little long-term demand for irrigation water 
(McLean, 2003).  

Indigenous plants to dominate landscaping 
and will be adapted to local climate. 

 Provide systems which treat/ sterilise 
rainwater for hot water use (3.2.36). 
Use of tailored plumbing systems to 
prevent cross-connection of potable 
and non-potable systems (3.2.37). 

Rainwater is heated for hot water use but 
there is typically no additional 
sterilisation. Air quality is better than in 
central city and so rainwater is less 
contaminated, and is used for all domestic 
purposes without significant treatment.  

Few houses in 
Titirangi now 
have rainwater 
tanks for 
secondary 
supply. City 
water supply. 

Rainwater supplies hot water system, sterilised 
by high temperatures then lowered before use.  

Rain-tanks may supplement reticulated 
supply.  

 
Possible implementation actions Implementation in Palm 

Beach, Waiheke 
Implementation in Titirangi 
catchment 

Implementation in Aurora, 
Melbourne 

Implementation in Proposed Whitford 
Village 
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Restrict earthworks on slopes identified in 
planning documents as unsuitable for 
development (3.2.38), and on significant 
ecological areas (3.2.39). 
Use techniques such as clustering to 
concentrate buildings on suitable soil types and 
slopes leaving areas naturally unsuitable for 
construction in a vegetated and undisturbed 
condition (3.2.40). 

Subdivision is old and there 
were seldom any large-scale 
earthworks. Care is required in 
redevelopment of individual 
sites, as slopes are moderately 
steep, combined with clay soils 
and, at times, there is heavy 
rainfall.  

Subdivision is old and there 
never were any large-scale 
earthworks. Care is required 
in redevelopment of 
individual sites as slopes are 
moderately steep and rainfall 
may at times be heavy.  

A relatively flat site that reduces the 
need for earthworks.  
 
Earthworks may be required to 
create storage for secondary water 
supply on adjacent site. 

Design will be intentionally adapted to 
necessitate only minimal earthworks 
(Bruce, pers.comm. 2006) on this rolling 
and sensitive site adjacent to the Turanga 
estuary and stream. 

 

Appendix B.9a: Tertiary Principle 3.3* Reduction and containment of contaminants 
Possible implementation 
actions 

Implementation in Regis Park Implementation in New Lynn  Implementation in Te Arai (adaptation and 
reassessment of Ward, 2005) 

Implementation in the Stad 
van de Zon, the Netherlands 

Replace toxin with an alternative 
element or compound in 
manufacturing or industrial 
process. Change travel mode. 

Not achieved. No industrial uses 
on site. Vehicular transport 
predominates and generates 
contaminants. 

Industrial activities have mainly 
vacated the New Lynn area. Private 
vehicles are the main source of air 
and stormwater conveyed 
contaminants. Optimisation of public 
transport, particularly rail, is a very 
high priority even at present 
population densities. 

No industry on site to generate industrial 
contaminants. Low levels of vehicular traffic on 
site will contaminate the stormwater system and 
the atmosphere relative to the predevelopment 
pristine condition. 
 

The Stad contains no industry. 
Transport contamination is 
reduced by the typically Dutch 
use of the bicycle for 
commuting and shopping and 
for connection to train stations 
for commuting. 

 Strip contaminants from 
stormwater before discharge to 
natural waterways (3.3.1). 

To be achieved using raingardens 
and wetlands. 

Current: Little control or treatment 
of stormwater from roads with very 
high vehicle loads which therefore   
enters the estuary.  
Potential: Retrofit stormwater 
discharges from main roads with 
biofiltration systems to remove 
contaminants before discharge to the  
estuary. 

Range of treatments devices – stormwater 
network chain of vegetated swales, rock swales, 
water quality/detention ponds, wetlands that trap 
contaminants, preventing entry to water cycle. 

No evidence of this. 
Contaminated component of 
stormwater is discharged to 
prevent entry to Stad’s 
contained water cycle. 
 
 

Encourage the construction of 
‘green buildings’ (3.3.2). 
In NZ comply with the 
requirements of the Building Act 
2004 (3.3.3), building code 
(3.3.4), and council development 
construction guidelines (3.3.5). 

 Building Code will be complied 
with. There are unlikely to be 
more than the minimum standard 
of green architectural features in 
houses built on Regis Park.  

Most residential buildings in New 
Lynn will do no more than comply 
with minimum required standards, 
even though WCC is at the forefront 
of councils promoting green 
construction.  

This is a principle of the Leadership in Energy 
and Environmental Design (LEED) guidance for 
the project and was expected to be emphasised in 
design controls and construction of green 
buildings. This system ranks a building’s 
performance in terms of numerous factors 
including materials. 

No specific green building 
standards but high insulation 
standards and appropriate 
materials used. 

 

Appendix B.9b: Tertiary Principle 3.3 Reduction and containment of contaminants 
Possible implementation 
actions 

Implementation in Palm Beach, 
Waiheke 

Implementation in 
Titirangi 

Implementation in Aurora, Melbourne Implementation in Proposed Whitford Village 
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catchment  
No industry. Very few cars as many 
houses are only occupied part-time, 
and owners commute to mainland by 
bus then ferry.  

No industry. 
Strong car 
dependence and 
poor achievement of 
this principle. 

Good public transport (train), walking, 
and cycling opportunities will reduce 
vehicular contaminant generation (Lim, 
2002). Excellent access to internet 
services optimises opportunity for 
working remotely therefore reducing need 
to travel. 

No industry. 
Whitford Village residents are car dependent and will 
therefore generate air and stormwater contaminants from 
vehicles. Site is within walking distance of Whitford Village 
but services there are limited. 

Lack of piped stormwater system 
reduces loss of contaminants from 
land to sea as stormwater is 
intercepted, evaporated and 
infiltrated. 

Little or no 
stormwater 
treatment.  

Alternative stormwater management at 
Aurora reduces contaminants entering 
Port Phillip Bay: nitrogen by 870 kg and 
phosphorus by 96 kg (McLean, 2003). 

Stormwater technologies planned for on-site should achieve 
this.  

Replace toxin with an 
alternative element or 
compound in 
manufacturing or 
industrial process. 
Change travel mode. 
Strip contaminants from 
stormwater before 
discharge to natural 
waterways (3.3.1). 
Encourage the 
construction of ‘green 
buildings’ (3.3.2). 
In NZ comply with 
requirements of the 
Building Act 2004 
(3.3.3), building code 
(3.3.4), and council 
development construction 
guidelines (3.3.5). 

 Waitakere City 
Council promotes 
green construction 
methods. 

 Village design includes sustainable construction methods for 
residences that will likely far exceed the minimum 
requirements of the building code. Council Guidelines, 
require use of non-toxic and sustainably produced materials 
in construction.    

 
 
Appendix B.10a: Tertiary Principle 3.4 Restore, enhance, protect indigenous, terrestrial and aquatic biodiversity 
Possible implementation actions Implementation in 

Regis Park 
 Implementation in 
New Lynn  

Implementation in Te Arai 
(reassessment of Ward, 2005) 

Implementation in Stad van de Zon, Netherlands 

 

Favour indigenous revegetation of stormwater 
management corridors with locally appropriate 
stock (3.4.1). Priority use of indigenous species 
when planting rain gardens and biofiltration 
systems  (3.4.2).  Provide incentives for 
indigenous vegetation planting (3.4.3) and 
retention on private lots (3.4.4). Maintain 
instream values to protect aquatic ecosystems 
from damage by structures (3.4.5) e.g. dams 
and culverts. Promote biodiversity protection 
and restoration by Māori organisations, 
including iwi and hapu (3.4.6), with support 
from local government and Nga Whenua Rahui 
(3.4.7). 

Revegetation of 
wetlands and forests 
throughout 60% of 
site will achieve 
most of these 
objectives. 
Manukau City 
Council is unlikely 
to put pressure on 
local residents to 
use predominantly 
indigenous species 
in the planting of 
private gardens.  

Current: Some 
existing riparian 
vegetation but 
weeding of invasive 
species needed. 
Potential: 
Opportunities exist for 
introducing 
indigenous planting to 
Living 6 areas in 
Crown Lynn Place 
and possibly along the 
nearby rail corridor. 
Weeds and pests will 
need control. 

Principles of development to use locally 
appropriate indigenous self-sustaining 
species, and implemented by zone rule. 
Use of indigenous planting essential in 
conversion from pine to indigenous 
forest.  Implementation through 
vegetation management plan and coastal 
dune management plan. A bridge is 
intended to cross Te Arai stream.  No 
dams or culverts. Te Uri o Hau will 
maintain kaitiaki over the area and 
already practice co-management with the 
Department of Conservation.  Hapu will 
have input into use and location of 
indigenous plantings.  

Extensive creation of new habitats: lake, wetland, 
forest. Wetlands contain indigenous wetland plants 
typical of the region prior to polder creation 
(Heerhugowaard Gemeente, 2009). By manipulation 
of water levels different plant communities have been 
established. The forest composition reflects that of 
remnants found in the dry parts of the region. If 
surplus water has to be pumped out of the lake 
organisms entrained in discharge water may be 
damaged. No special incentives are given to residents 
for the planting of indigenous vegetation. Wetland and 
lake have become too attractive to birdlife; ducks and 
geese cause water quality problems. 
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Possible implementation 
actions 

Degree of 
implementation in 
Regis Park 

Degree of 
implementation in New 
Lynn  

Degree of implementation in Te Arai (adaptation 
and reassessment of Ward, 2005) 

Degree of implementation in Stad van de Zon, 
Netherlands 

Use covenants (3.4.13) or district 
plan provisions (3.4.14) to 
protect riparian strips. 

Achieved using 
covenants. 

Part of the riparian strip 
near the adjacent shops is 
in WCC ownership. Some 
walkways currently 
closed due to instability. 
In future increase 
continuity of strips. 
Consider covenanting of 
vegetation in privately 
owned lots of riparian 
corridor. 

Riparian strip in degraded condition.  Pines to be 
removed and replanted with indigenous wetland and 
riparian species. 
A riparian reserve buffer zone ensures development is 
well set back from the stream.  The riparian margins 
of the stream are part of the coastal reserve to be 
vested in council. 

No significant riparian vegetation on canals as houses 
have been built to the edge to provide recreational 
access. On the Middenweg the riparian margin is 
occupied by the road, and by bike paths that are tree 
lined. It is common practice in the Netherlands to 
provide parklands including walking and cycling 
paths along canals. However riparian vegetation 
appears to be planted for parks not for canal shading. 
Water quality in canals outside the Stad where there is 
no riparian shade, is poor and algal growth is 
rampant. 

Use covenants (3.4.15) or district 
plan provisions (3.4.16) to 
protect headwater terrestrial-
aquatic habitat combination. 

Partially achieved 
as the whole site 
could be considered 
to be catchment of 
stream headwaters.  

See 3.2.9 The headwaters are beyond the scope of this project.  
However through Te Uri o Hau and their MOU with 
DoC this could be actioned or also encouraged 
through community stewardship. 

No catchment headwater to manage as site is a polder.  

 
Appendix B.10b: Tertiary Principle 3.4 Restore, enhance, protect indigenous, terrestrial and aquatic biodiversity 

Retain (3.4.8), restore (3.4.9) or 
recreate (3.4.10) natural balance 
of vegetation cover, especially 
proportion of catchment in forest. 
Limit (greenfield, 3.4.11) or 
revert to (brownfield, 3.4.12) 
‘effective’ impervious surface 
areas to less than 15 percent of 
catchment. 
 

Outstanding 
potential success in 
the re-vegetation of 
60 percent of site 
(3.4.11). 
Effective 
impervious area less 
than 15 percent. 

Little achieved except re-
vegetation of riparian 
corridor of stream. 

Site already well vegetated but intention to replace 
exotic trees with native trees (3.4.8/9). 
Effective impervious area less than 15 percent. 

The development area is 295 hectares. This includes a 
forest of 40 hectares, a large wetland (3.4.10) and lake 
together covering 75 hectares (pervious), and urban - 
primarily residential areas covering 118 hectares 
(mainly impervious). 

Possible implementation actions Implemen-
tation in 
Palm Beach 

Implementation in 
Titirangi 
catchment  

Implementation in Aurora, Melbourne Implementation in Proposed 
Whitford Village 

Favour indigenous re-vegetation of stormwater 
management corridors with locally appropriate stock 
(3.4.1). 
Priority use of indigenous species when planting rain 
gardens, biofiltration systems and trees in swales (3.4.2).  
Provide incentives for indigenous vegetation planting 
(3.4.3) and retention on private lots (3.4.4). Maintain 
instream values to protect aquatic ecosystems from 
damage by structures (3.4.5) e.g. dams and culverts 
Promote biodiversity protection and restoration by Maori 
organisations including iwi and hapu (3.4.6) with support 
from local government and Nga Whenua Rahui (3.4.7). 

Catchment 
is well 
vegetated 
with garden 
shrubs and 
trees and in 
parts with 
indigenous 
trees.  

Eco-aware local 
authority protects 
indigenous habitats 
and trees on private 
and public land. 
Resident volunteers 
contribute to 
riparian forest 
restoration. 

Habitat protection and repair (Lim, 2002). Site has native 
grasslands but these are degraded by weeds. Conservation of 
many of the 400-year-old red gums that currently dot the 
farmland (VicUrban, 2009). 
The repair and regeneration of Edgars Creek which runs through 
and receives stormwater from the estate. It is intended to create a 
multiple use corridor. Restoration will involve planting of 
western plains drainage line vegetation (red-gum canopy, grass 
and sedge groundcover); and the “re-modeling” of the corridor to 
consist of a series of pools and ephemeral riffles. The chain of 
pools is a well-known geomorphological form in larger streams 
on the western plains (McLean, 2003). 

Riparian margin of stream and 
estuary to be re-vegetated using 
indigenous species. Developer is 
the same as for Regis Park 
where excellent re-vegetation 
and after-care has been 
achieved.  
Riparian restoration and 
protection is a requirement 
under Plan Change 27.  
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Possible implementation actions Implementation in Palm Beach, 

Waiheke 
Implementation in 
Titirangi catchment  

Implementation in Aurora, 
Melbourne 

Implementation in Proposed 
Whitford Village 

Use covenants (3.4.13) or district plan provisions 
(3.4.14) to protect riparian strips. 

Riparian strips in lower catchment have 
in places mown lawn to stream edge.  

Local authority 
protection and 
restoration of riparian 
corridor. 

Re-vegetation of Edgars 
Creek riparian corridor.  

District Plan provisions apply, see 
Section 5.2.3 footnote. 

Use covenants (3.4.15) or district plan provisions 
(3.4.16) to protect headwater terrestrial-aquatic habitat 
combination. 

Good tree cover of much of upper 
catchment between houses.  

  The headwaters of the stream are not 
on this site.  
 

 
Appendix B.11a: Tertiary Principle 3.5 Reduce need for mobility of goods and people 

Retain (3.4.8), restore (3.4.9) or re-create (3.4.10) natural 
balance of vegetation cover, especially proportion of 
catchment in forest. 
Limit (greenfield, 3.4.11) or revert to (brownfield, 
3.4.12) ‘effective’ impervious surface areas to less than 
15 percent of catchment. 
 

Very low 
effective 
impervious 
areas and 
extensive 
vegetation 
cover exists. 

Good existing 
vegetation cover 
along streams and 
around houses. 

Some re-creation of vegetation corridor along stream riparian 
zone. Effective impervious surface cover is expected to be higher 
than 15 percent.  

Large proportion of the site is in 
re-created vegetation, wetland 
and lake all of which count as 
pervious.  

Possible 
implementat
-ion actions 

 Implementation in Regis 
Park 

Implementation in New Lynn  Implementation in Te Arai 
(reassessment of Ward 2005) 

Implementation in Stad van de Zon, Netherlands 

Complementa
ry not central 
to LIUDD. 
Requires 
implementati
on through 
local planning 
process.  

Regis Park includes no 
employment, school or 
shops and is dependent for 
these on adjacent suburbs 
that are connected by roads 
only for car use. Networks 
of walking/ cycling paths 
are however under 
construction for connection 
to services but employment 
will be limited.  

Compatible with Regional Growth 
Strategy recommendations for New 
Lynn, that is employment will be 
maximised in the New Lynn CBD 
adjacent to medium to high density 
housing nodes, train and bus 
transport links. Implementation 
planned by WCC, Auckland 
Regional Transport Authority and 
TransRail. 

None of this will be achieved by 
constructing a residential 
development on the Te Arai site. 
This is the least sustainable aspect 
of this Te Arai development 
proposal. There will be very 
limited local availability of goods 
and most residents will travel by 
car to shop in commercial areas in 
the district some 10 to 20 
kilometres distant.  

Limited employment and public transport in the Stad in 2009. The 
common usage of the bicycle as a transport mode even between adjacent 
small towns in the Netherlands means that the minimal amount of 
employment available within the Stad itself may not generate a large 
amount of vehicle use. Cars where used are small. Adjacent 
Heerhugowaard is a limited employment node. Primary schools within 
walking distance in close neighbourhood. Netherlands train services are 
also excellent and stations are within cycling distance. The Stad includes 
a shopping centre for household needs and services. Most shopping is 
done by bicycle or walking. Food is mostly imported from other parts of 
Europe/World. 
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Appendix B.11b: Tertiary Principle 3.5* Reduce need for mobility of goods and people 

 
Appendix B.12a: Tertiary Principle 3.6 Minimisation of energy demands 
Possible implementation actions Implementation in 

Regis Park 
Implementation in New Lynn  Implementation in Te Arai 

(reassessment of Ward, 
2005) 

Implementation in Stad van de Zon, Netherlands 

Double glazing (3.6.1) and high level 
insulation  (3.6.2) for new and 
existing structures. Thermal mass/ 
materials in buildings for heat storage 
(3.6.3). House design to use (3.6.4) 
or avoid (3.6.5) solar input. Skylights 
(3.6.6) with or without link to fibre 
optics (3.6.7) for light transfer to 
other parts of building. Protect 
sunlight sight lines (3.6.8) for solar 
hot water, solar voltaics and passive 
solar heating.  

The degree to 
which this is 
achieved is up 
to the individual 
lot owner when 
houses are 
constructed. 
There are 
unlikely to be 
local authority 
incentives to 
achieve these.  

Waitakere City policies and guidelines 
support the uptake of energy efficient 
construction by house builders and 
owners. WCC role models green 
construction in all new public buildings 
such as libraries and civic centres. ‘Carrot 
and stick’ direction needed from WCC, 
BRANZ. BEACON and Building Code to 
move green construction from current 
models to everyday practice in New 
Lynn. Difficulties in retrofitting large 
existing housing stock. 

Onsite passive solar orientation to 
be encouraged through the design 
of shorter/wider shaped lots.  
Solar water heating possibly 
mandatory through the Residents 
Association rules and design 
guidelines. LEED principles will 
be applied through design control 
rules-   to be addressed in detailed 
design phase. 
 

The Stad achievements here are outstanding on all 
factors. The Stad has been designed to be carbon 
dioxide emissions neutral. Maximising solar energy 
capture became the priority design criterion. Solar 
panels and wind turbines generate up to 3.75 and 6.9 
megawatts respectively, of electricity, making the Stad 
largely self sufficient. Houses and public buildings are 
extremely well insulated with double glazed windows, 
and appropriate solar orientation. Building shapes are 
thermally efficient.  

Optimise renewable energy sources, 
reduce use of transport fuels, recycle 
construction materials. 

Not achieved Living 5 and 6 areas in New Lynn are a 
close walking distance from train and bus 
stations and would therefore encourage 
use of public transport.  

Te Arai would encourage the 
consumption of transport fuels.  

The Stad is compact and functional for residents. High 
dependence on cycling and walking. Local energy 
capture from 3 windmills, photovoltaic cells and heat 
pumps.  
 

 
Appendix B.12b: Tertiary Principle 3.6 Minimisation of energy demands 
Possible implementation actions Implementation in Palm 

Beach, Waiheke 
Implementation 
Titirangi 
catchment  

Implementation in Aurora, Melbourne Implementation in Proposed Whitford Village 

Sub-principles 
Possible 
implementatio
n actions 

Implementation in 
Palm Beach, Waiheke 

 Implementat-
ion in Titirangi 
catchment  

Implementation in Aurora, Melbourne Implementation in Proposed Whitford Village 

3.5X Maximise 
proximity of residential 
and employment bases.  
Optimise regional 
transport flows and 
public transport., 
3.5XX Maximise local 
availability and use of: 
goods, services and 
sustainable transport 
options. 

Not part of 
LIUDD 
programme 
brief 
Complementary 
not central to 
LIUDD. 
Requires 
implementation 
through local 
planning 
process.  

Little employment on 
the Island. Reasonable 
public transport to 
Auckland City.  
Good use of local 
services as Island 
isolated from City. 
Little sustainable 
transport. 

These are not 
achieved. 

 City of Whittlesea has designated the land 
immediately south of Aurora as the Cooper Street 
Employment Precinct (23,000 jobs) a commercial 
precinct that has been designed to attract 
businesses to the area (VicUrban, 2009). 
Train transport to Melbourne employment. 
Sustainable transport modes: walking, cycling. 
Goods available in 2 town centres (Lim, 2002). 

None of these have been satisfactorily achieved.  
Limited local services available in adjacent village.  
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Double glazing (3.6.1) and high level 
insulation  (3.6.2) for new and 
existing structures. Thermal mass/ 
materials in buildings for heat storage 
(3.6.3). House design to use (3.6.4) 
or avoid (3.6.5) solar input. Skylights 
(3.6.6) with or without link to fibre 
optics (3.6.7) for light transfer to 
other parts of building.  
Protect sunlight sight lines (3.6.8) for 
solar hot water, solar voltaics and 
passive solar heating.  

Poor uptake of insulation and 
almost no double-glazing in 
older housing stock. Some solar 
heating. Excellent orientation to 
sun in northern aspect of 
catchment. 

Poor uptake of 
insulation and 
almost no double-
glazing in older 
housing stock. 

Objectives: to minimise embodied energy in 
construction, building and recycled materials 
and to reduce carbon emissions through the 
use of alternative energy sources. The design 
of roads, drainage and streets was evaluated 
to reduce energy consumption and waste. 
Houses have good solar orientation (Lim, 
2002) and a 6 star energy rating achieved 
through energy efficient light fittings, solar 
hot water and street lighting (VicUrban, 
2009). 

Village design includes sustainable construction 
methods for residences that will likely far exceed 
the minimum requirements for insulation and will 
optimise solar orientation of buildings as required 
by the Proposed Plan Change 27 and the 
WVSPADEGuidelines (MCC, 2008). 

Optimise renewable energy sources, 
reduce use of transport fuels, recycle 
construction materials. 
 

Local firewood for winter 
heating. Transport fuel use 
reduced by bus and ferry use. 
Recycling of construction 
materials as expensive to 
transport from mainland. 

Little use of 
renewable energy 
sources except local 
firewood. 

3.6XX Train travel emphasised: Extension to 
Epping rail line to Aurora. Grid street layout 
intended to make walking to shops easier.  

Site location encourages use of the car for 
regional transport needs. 
All surplus construction materials to be recycled 
as required by the WVSPADE Guidelines.  
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APPENDIX C: TAUPO WEST 
Appendix C.1: LIUDD Issues Recommended by the Author to Opus Consultants For 
Inclusion in PTWRSP Best Practice Guidelines (condensed) 
*protection and re-vegetation of the riparian corridor 
*identification and protection of remaining indigenous habitats: wetlands, forests, springs, and streams.  
 Provide financial, rating or other incentives to encourage retention of these natural features. 
*identification and protection of significant geomorphological / geological features. 
*compliance with regional council provisions for erosion and sediment control/ on-site sewage treatment. 
*encourage the re-creation of high biomass, predominantly indigenous vegetation systems, particularly on 
sites denuded by past pastoral practices, and especially in the upper reaches of catchments. 
*planting to give priority to plants with high evapo-transpiration capability, avoid deciduous species.  
*avoidance detrimental earthworks or management practices related to development, which have a 
significant impact on the functioning of adjacent receiving waters and ecosystems. Minimum site disturbance 
and sediment containment on building sites. 
*monitor key indicators, reflecting any change occurring during and after the development process. 
*define places where housing, infrastructure or activity clusters should not be permitted, in particular upper 
reaches of catchments. 
*minimisation of impervious surfaces and maximisation of the use of porous paving. 
*avoidance of storm water generation at source. Maximise the use of swales, rain gardens and bio filtration 
systems, for stormwater infiltration, evapo-transpiration and contaminant removal. Avoid curb and channel 
storm water reticulation systems and provide pipes only for overflows, not for base flow. Camber all 
impervious surfaces, including roads, to direct run-off to above devices or to natural vegetation areas on 
pervious soils (van Roon and van Roon, 2005a). 
 

Appendix C.2: Selected Comments on the Draft Potential Taupo West Structure Plan Map 
(Figure 6.7 tabled 27 May 2004) 
In the absence of clearly stated criteria and how these were applied, it is difficult to provide meaningful 
comment on the map presented. The basis of the categories chosen is not clear nor is it clear how, or on what 
basis trade-offs were made to draw the boundaries of the proposed zones. More detail is required to describe 
the categories. There is reference to cluster housing, but no comment on what is to be done on the rest of a 
property if cluster housing is permitted.  

Boundaries: It would be desirable to have a statement in the structure plan and maps as to the delineation of 
the structure plan area. It may be desirable to state why the structure planning area excludes the Acacia Bay 
Road area and the area immediately landward of Whangamata Bay at Kinloch. Both seem to be logical areas 
for rural residential expansion. If these exclusions reflect existing zoning or commitments this needs to be 
stated. 

Catchment boundaries should be included on maps so that the relationship between catchment processes and 
zones can be understood. In particular this will highlight the sensitive upper and riparian catchment areas.  

The nature of the zones and the need to explain constraints 

A comparison of two maps “Landscape zones” and “Landscape Development Zones” in the Opus Landscape 
Report with the draft PTWRSP map (Figure 6.7) indicates that the zones primarily reflect landscape values. 
Is the decision to locate the rural high-density zone along the stream valley entirely based upon low slopes 
and visual criteria? What account has been taken of other factors such as wider ecological values in 
determining the location, extent and boundaries of the zones? The northern boundary of the catchment is 
drawn immediately adjacent to a stream which drains to the east. This would put the stream on the ridgeline.  
It is suggested this maybe an error in the extent of the catchment and the boundary should probably be 
further south. The desirability of having development right up into catchment headwaters is questioned and 
needs to be justified. In addition what are the infrastructural implications of intensification in one area versus 
another? Why is there a high-density zone west of Tukairangi road and nothing in similar areas West of 
Mapara Road or Whangamata Road? What are the underlying criteria or implicit value judgements that are 
reflected on the map? Similarly the basis for the transition between the zones in terms of the intensity of 
development needs to be explained.  
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There is a need to explain whether there are other constraints that have been taken into consideration? For 
example drainage, both surface and sub-surface, and the impact of development and ongoing living, in these 
areas on the water quality in Whakaipo Bay, and the need to maintain good water quality. The streams here 
are known to be the only trout spawning areas in the Northern part of the lake and the bay may not be well 
flushed, as most of the streams seem to be ephemeral. If it is assumed that stream riparian corridor protection 
is an objective, should these corridors be excluded from intensification or does Council anticipate using zone 
criteria to generate this protection?  Ideally, on the assumption that there is a commitment to LIUDD the 
maps should reflect this. Part of the structure planning process is seen as educational, to highlight the 
externalities which have tended to be ignored or under-rated in the process of design and development. With 
appropriate planning, funding and management, it is possible to have different patterns of development and 
intensities of development, whilst still meeting environmental standards and economic aspirations.  

 

Appendix C.3: Extracts from PTWRSP that demonstrate uptake of LIUDD concepts  
Vision p7: “Low Impact design principles and clustered type developments can achieve a subdivision 
pattern which is potentially more able to be integrated into the surrounding environment.”  

2.3.1 Opportunities for Development: “Encourage low impact design principles with new, innovative and 
sustainable design”  

2.3.2 protect steep, erosion prone land. 

3.1 Objectives and policies directed at protecting lake water quality, riparian corridors, wetlands, erosion 
prone land, and encourage natural stormwater flows.  

3.2.1 objective: “To sustainably manage the Structure Plan area’s natural resources, incorporating low 
impact design principles.” 

3.2.2 (ii): “Promote cluster development in areas where there is minimal adverse effect on the physical 
environment, where effects of the cluster can be internalised and where maximum infrastructure and cost 
efficiencies can be achieved.” 

3.2.2. (vi): “Independent water supply incorporating low impact design principles e.g. the installation of 
rainwater tanks.” 

3.4.2 (iv): Reduce infrastructure costs through: reduced land clearance, road construction and curbing, storm/ 
sewer/water line footage, size of stormwater ponds needed. 

3.4.2 (v): Improve stormwater management by reducing impervious areas and using swales, rain gardens, 
biofiltration, rainwater tanks.  

4.1.1 Development guidelines: “Enable the application of Low Impact Design principles to be applied to the 
area, thus increasing the sustainability of the development.”  

(vi) “Minimum 30m riparian strips should be set aside either side along the Mapara, Whangamata 
and Okaia streams for protection and/or recreation purposes”.  

(vii) “Minimum 10 m riparian strips should be protected either side along ephemeral 
watercourses.” 

(viii) “Subdivision design should utilize the natural contour and therefore preserve the landform as 
far as possible during the development process; and should utilize the existing vegetation as far as 
practicable.” 

4.2 Implementation Method: Advocacy and Education 

(vi) “Encourage the vegetation of swales to slow stormwater flows in order to capture some 
contaminants and reduce the total volume of runoff.” 

(vii) “Provide advice to the community on low impact design principles including water reuse and 
the use of on-site rain gardens in order to filter stormwater to reduce contaminants.” 

4.3. Implementation Method: Action Required 

(ii) “Consider rules in the District Plan that restrict the removal of indigenous vegetation along the 
lakefront and riparian margins.” 
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(v) “ Undertake an asset management response study to ascertain the costs and infrastructure 
implications of proposed development, including how low impact design principles can be incorporated.” 

 

Appendix C.4: Selected extracts from Part 1 of the van Roon submission to the final PTWRSP  
29/09/2004  
The submission is based on the PTWRSP released on July 30, 2004 and the key changes suggested as a 
result of the public workshop held at Acacia Bay on September 1.  

Uptake of low impact principles: It is pleasing to see the degree to which the principles of LIUDD have been 
incorporated into the Plan. There are large parts of the plan able to be supported, and these are outlined 
below, along with some recommended alterations and additions.  

Planning for future intensification district wide: It is an accepted principle of low impact design that the 
negative effects of development can be most effectively avoided or minimised by the careful selection of 
areas for development on the basis of least impact and lowest cost. In this instance the Taupo West Structure 
Plan area was identified, prior to CUES involvement, as an appropriate area for rural-residential 
intensification, but it is not necessarily one of the optimum locations. At the time Council faced development 
pressures in Taupo West, which it thought would be best addressed through the structure planning process. 
The submitter is not aware of the existence of a district-wide strategic assessment of alternative low impact 
development locations.  It is not clear whether the 2020 Taupo nui-a-Tia project provides such an 
appropriate strategic context.  

Boundaries of the structure plan area: Council set the boundaries for the structure plan area prior to LIUDD 
team involvement. Minor adjustments were made to the boundaries during the plan preparation process, but 
there remain questions as to the location of boundaries and the exclusion of certain areas. 

Lake water quality as a primary determinant of development options: Lake water quality maintenance has 
been described by many community sectors as a primary requirement of any development. The PTWRS Plan 
does not appear to include a statement of the current water quality problems in both the catchment and in the 
lake, nor is there an assessment of the effects that may result from development, and how any negative 
effects will be avoided. It appears to be taken as a given that the maintenance of water quality in the lake is 
paramount, but it is not reflected clearly in the planning process. Whilst it is known that Environment 
Waikato is investigating the relationships between development and nutrient budgets, the absence of site-
specific nutrient budgeting for the Whakaipo Bay catchment is seen as a major omission in the planning 
process. In the Plan there is repeated reference to the need to limit nitrogen inputs without reference to 
limiting other nutrients, in particular phosphorous.  

Landscape as a primary determinant of development options: There has been an overemphasis on landscape 
as related to topography, as the primary determinant of location for development. 

Infrastructure as a determinant of location for development: Infrastructure (including transport, water and 
wastewater provisions) should be seen and used as a determinant of development locations as well as a 
service. As such the provision of infrastructure options as a service only, to already defined densities, is a 
missed opportunity to facilitate LIUDD. It could have provided the opportunity to identify and evaluate least 
impact and least cost options. The submitter supports the concept of “exporting” the effluent out of the 
catchment to ensure it does not create water quality problems in the lake. Throughout the PTWSP there are 
references to section size limits, many of which are presumed to be related to Environment Waikato’s 
minimum requirements for onsite sewage treatment. If LIUDD approaches, including clustering, are adopted 
then minimum size requirements are no longer seen as an appropriate constraint. On the contrary there may 
be considerable advantages in localized intensification to enable an increased opportunity for a larger 
population to enjoy a semi-rural lifestyle, whilst still retaining rural productivity, amenity and ecosystem 
quality. This would also provide for protection of high quality agricultural soils within areas such as the 
Mapara Valley that are being targeted for intensification. Limiting residential sites to no less then 3000m2 
would also limit opportunities for developments such as “townhouses”.  

The Concept of a Dual Water Supply System: This should be considered and explicitly provided for. There 
are various alternative dual water supply options, only some of which are appropriate to the Taupo West 
situation. In view of the large available water resource in the lake, the option of recycling waste-water 
effluent and stormwater would seem to be an unlikely scenario from a cost, demand and aesthetic 
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acceptability perspective. This is only one side of the equation, however, in that by re-using stormwater and 
wastewater it is possible to reduce the contaminant loading of whatever finally reaches the lake. It is possible 
to reticulate a secondary water supply system delivering untreated water for non-potable uses thus reducing 
treatment costs. It is accepted that this will have an up-front capital cost increase, but over the life of the 
subdivision it is expected to result in savings to the community. It may also have environmental benefits in 
the reduction of water containing treatment chemicals, discharged into the natural environment via sewage 
treatment facilities and out-door use. There is evidence that chlorinated water is implicated in a downgrade 
of the overall health of freshwater and marine ecosystems elsewhere in the world, such as in the Baltic area 
(Colborn et al., 1997). A requirement for water tanks, sized in proportion to the overall impervious 
catchment area on a property, is seen as an essential complement to the above dual water supply in order to 
ensure efficient use of water at source. This minimises the collection and distribution of water beyond its 
point of origin, thereby increasing the efficiency of the water supply, and through detention at source, 
reducing peaking of stormwater flows. Whilst it may be argued that this requirement is merely one of the 
techniques that can be applied in any subdivision, its absence in this structure plan is seen as a critical 
omission in addressing the issue of maintaining water quality in Lake Taupo, and in increasing long-term 
sustainability of this development.   

Provision for medium density rural areas, and buffering around development: The provision for medium 
density rural development is questioned. It is a buffer between other intensities of development, and if the 
LIUDD approach is adopted, the high-density rural area will eventually be unobtrusive visually, and not 
require further buffering.  

Clustering technique and balance lands: The submitter has previously explained the advantages of clustering 
for the implementation of LIUDD. The advantages of clustering and control of what has been termed 
‘balance land’ should once again be recognized as a key element of the PTWRSP if sustainable development 
is to be achieved. As such the definition in the glossary should be extended to recognize that the balance 
land, might be best in separate land titles, and available for non-residential rural purposes only. Council has 
moved away from limiting the number of dwellings in clusters, and this is strongly supported.  

Other related layout issue: As part of the criteria controlling the location of high-density rural residential 
areas, there should be an emphasis on the protection of terrestrial and aquatic ecosystems, avoiding the 
proximity of development, including clusters, to streams or wetlands and in sensitive catchment headwaters. 
This should also include riparian corridors, regardless of the current land use or vegetation cover. This brings 
into question the priority given to locating the high-density rural area within the stream valley, rather than on 
land away from streams.  

_______________________________________________________________________________________ 

APPENDIX C. 5: A Series of 3 Maps to Show Low Impact Rural-Residential Subdivision 

Design  

The 3 maps shown in Figures 6.4 – 6.6 were drawn to demonstrate how rural residential subdivision might 
be carried out in a manner that reduces impact on the natural environment and protects or even enhances 
rural amenity. The maps are of no known location. As the effects of subdivision are better able to be 
understood and managed on a catchment basis this is used to define the planning area in the maps.  

There are three maps as follows: 

Map 1 shows the catchment in its rural condition prior to subdivision. It is typical of much of New Zealand 
being predominantly pastoral with remnants of native bush, a small wetland, a network of streams with no 
bank-side vegetation, and a block of exotic forestry. There are four landowners all of whom, we will assume 
for this exercise, wish to subdivide their land. There is a single road passing through the catchment.  

Map 2 shows a traditional or conventional way of rural-residential subdivision into 4 ha blocks. This 
subdivision shows little consideration for the topography and natural features such as streams, wetlands and 
bush remnants. The number of roads is greatly increased to service the many houses. The construction of 
roads and houses involves earthworks sometimes in unsuitable steep or streamside locations with soil 



 293 

washing off into streams and eventually into lakes or harbours. Steep hillsides, highly visible ridgelines, 
wetlands, streams and bush receive little protection.  

Map 3 shows the catchment as it could be subdivided to take into consideration natural features. The layout 
is shaped to fit the topography. The stream corridor is protected and replanted in a combination of trees and 
ground-level vegetation that will filter out sediment and contaminants that would otherwise flow into the 
stream during rainfall periods. The stream corridor might be made wide enough to accommodate paths for 
bicycles, horses and pedestrians. If all the streams in the catchment are protected like this there could be a 
network of such paths throughout the whole area thereby helping to reduce the need for so many roads. 
Wetlands and existing areas of bush would also be protected and if possible extended and restored. Ideally 
steep land, headlands and ridgelines would be used for sustainable forms of forestry rather than for pasture, 
cropping or housing thereby protecting them from erosion and preserving rural views. Rural blocks for 
horticulture, pasture or additional forestry could occupy the less-steep land between the steep forestry blocks 
and the stream corridors. Provided they are not part of the flood plain, these might be the least-impact areas 
for later urban intensification if deemed desirable. If houses are clustered fewer access roads are needed, and 
sewage and water servicing is easier. Stormwater would be treated in rain gardens or swales instead of being 
piped to waterways. Residents might own single or multiple lots in the catchment. House clusters located at 
the intersection of several converging agricultural blocks would provide direct access for residents to 
adjacent blocks.  
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APPENDIX D: RIPARIAN VEGETATION 

Appendix D.1: Tree and wetland species planted - DJScott Associates Ltd at Regis Park 
(Jones, pers.comm., 2007).   
Shrub area 12660.14 m” @ 10000/ha   
BOTANICAL NAME COMMON NAME NUMBER  
Carex virgata   7350 
Cordyline australis Cabbage tree 430 
Cortaderia fulvida Toe toe 3780 
Phormium tenax flax 1100 
   Total 12660 
  
BOTANICAL NAME COMMON NAME NUMBER  
Agathis australis Kauri 110 
Alectryon excelsus Titoki 216 
Coprosma propinqua   7520 
Coprosma robusta Karamu 9580 
Cordyline australis Cabbage Tree 4200 
Cortaderia fulvida Toetoe 1800 
Corynocapus laevigatus Karaka 390 
Dacrycarpus dacrydioides Kahikatea 240 
Dacrydium cuppressinum Rimu 65 
Griselina littoralis   260 
Hebe stricta   690 
Hoheria populnea Houhere 640 
Knightia excelsa Rewarewa 290 
Kunzea ericoides Kanuka 13000 
Leptosermum scoparium Manuka 14000 
Myrsine australis Mapou 6800 
Phormium cookianum Mountain flax 940 
Pittosporum tenufoilium Kohuhu 2200 
Podocarpus totara Totara 280 
Prumnopitys ferruginea Miro 40 
Prumnopitys taxifolia Matai 45 
Pseudopanax lessonii Houpara 253 
Sophora tetraptera Kowhai 320 
Vitex lucens Puriri 225 
   Total 64104 
  
 
BOTANICAL NAME COMMON NAME NUMBER  
Carex secta   2600 
Carex virgata   3100 
Carpodetus serratus Putaputaweta 600 
Coprosma robusta Karamu 4650 
Cordyline australis Cabbage Tree 2730 
Cyperus ustulatus Lake Clubrush 2000 
Dacrycarpus dacrydioides Kahikatea 120 
Hoheria populnea houhere 320 
Elaeocarpus dentatus Hinau 80 
Laurelia novae-zelandiae Pukatea 150 
Leptospermum scoparium Manuka 5100 
Melicytus ramiflorus Mahoe 2065 
Rhopalostylis sapida Nikau 120 
Schefflera digitata Pate 570 
Schoenoplectus validus   230 
Sophora microphlla Kowhai 140 
Syzygium marie   65 
   Total 24640 
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Appendix D.2: Names for all species recorded in all sub-catchments at Flat Bush, Point View 
and Whitford 
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Appendix D.3: Vegetation field data tables by size class within sub-catchment, for tree 
distance and basal area, showing calculations for mean tree distance, mean basal area 
and absolute density 
 
 

 
 
 
 

Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA 1 (cm2)
BA2 
(cm2) BA3 (cm2)

BA4 
(cm2)

Diam 1 
(cm)

Diam 2 
(cm)

Diam 3 
(cm)

Diam 4 
(cm) Distance2

1 1 Melicytus ramiflorus 7.00 395.0 349.7 23.8 16.6 4.9 21.1 5.5 4.6 2.5 49.00
1 2 Dacrydium cupressinum 10.50 4301.4 4301.4 0.0 0.0 0.0 74.0 110.25
1 3 Podocarpus totara 0.50 2165.0 2165.0 0.0 0.0 0.0 52.5 0.25
1 4 Dicksonia squarrosa 7.60 251.7 251.7 0.0 0.0 0.0 17.9 57.76
2 1 Beilschmiedia tarairi 6.90 602.7 602.7 0.0 0.0 0.0 27.7 47.61
2 2 Beilschmiedia tarairi 3.30 1576.5 1576.5 0.0 0.0 0.0 44.8 10.89
2 3 Beilschmiedia tarairi 2.20 1624.0 754.9 471.5 397.7 0.0 31.0 24.5 22.5 4.84
2 4 Rhopalostylis sapida 7.70 176.7 176.7 0.0 0.0 0.0 15.0 59.29
3 1 Rhopalostylis sapida 4.30 216.5 216.5 0.0 0.0 0.0 16.6 18.49
3 2 Knightia excelsa 4.10 638.0 638.0 0.0 0.0 0.0 28.5 16.81
3 3 Knightia excelsa 5.70 176.7 176.7 0.0 0.0 0.0 15.0 32.49
3 4 Dysoxylum spectabile 5.10 176.7 176.7 0.0 0.0 0.0 15.0 26.01
4 1 Rhopalostylis sapida 6.00 240.6 240.6 0.0 0.0 0.0 17.5 36.00
4 2 Beilschmiedia tarairi 1.50 989.9 989.9 0.0 0.0 0.0 35.5 2.25
4 3 Rhopalostylis sapida 6.00 176.7 176.7 0.0 0.0 0.0 15.0 36.00
4 4 Beilschmiedia tarairi 9.10 1213.2 1213.2 0.0 0.0 0.0 39.3 82.81
5 1 Beilschmiedia tarairi 3.50 1385.6 1385.6 0.0 0.0 0.0 42.0 12.25
5 2 Podocarpus totara 2.15 1590.6 1590.6 0.0 0.0 0.0 45.0 4.62
5 3 Podocarpus totara 2.70 1075.3 1075.3 0.0 0.0 0.0 37.0 7.29
5 4 Dacrycarpus dacrydioides 2.00 804.4 804.4 0.0 0.0 0.0 32.0 4.00
6 1 Rhopalostylis sapida 2.50 274.7 274.7 0.0 0.0 0.0 18.7 6.25
6 2 Cyathea dealbata 2.60 113.1 113.1 0.0 0.0 0.0 12.0 6.76
6 3 Cyathea cunninghamii 1.60 124.7 124.7 0.0 0.0 0.0 12.6 2.56
6 4 Rhopalostylis sapida 5.10 149.6 149.6 0.0 0.0 0.0 13.8 26.01
7 1 Rhopalostylis sapida 3.00 188.7 188.7 0.0 0.0 0.0 15.5 9.00
7 2 Cyathea dealbata 1.75 143.2 143.2 0.0 0.0 0.0 13.5 3.06
7 3 Corynocarpus laevigatus 2.75 105.7 105.7 0.0 0.0 0.0 11.6 7.56
7 4 Cyathea dealbata 2.60 143.2 143.2 0.0 0.0 0.0 13.5 6.76
8 1 Rhopalostylis sapida 6.65 95.0 95.0 0.0 0.0 0.0 11.0 44.22
8 2 Beilschmiedia tawa 3.10 380.2 380.2 0.0 0.0 0.0 22.0 9.61
8 3 Beilschmiedia tarairi 7.00 683.6 683.6 0.0 0.0 0.0 29.5 49.00
8 4 Rhopalostylis sapida 4.50 143.2 143.2 0.0 0.0 0.0 13.5 20.25
9 1 Rhopalostylis sapida 6.30 143.2 143.2 0.0 0.0 0.0 13.5 39.69
9 2 Corynocarpus laevigatus 2.20 1864.8 479.2 1385.6 0.0 0.0 24.7 42.0 4.84
9 3 Rhopalostylis sapida 3.90 143.2 143.2 0.0 0.0 0.0 13.5 15.21
9 4 Beilschmiedia tarairi 4.40 962.2 962.2 0.0 0.0 0.0 35.0 19.36

10 1 Beilschmiedia tarairi 3.10 1386.4 531.0 855.4 0.0 0.0 26.0 33.0 9.61
10 2 Cyathea dealbata 2.00 143.2 143.2 0.0 0.0 0.0 13.5 4.00
10 3 Cyathea dealbata 3.10 132.7 132.7 0.0 0.0 0.0 13.0 9.61
10 4 Rhopalostylis sapida 0.95 179.1 179.1 0.0 0.0 0.0 15.1 0.90

Sum 166.95 27277.0 Sum 913.18
Mean (/40) 4.17 681.9 4n=40
Std Dev 2.36 830.9
Std Error (SE) 0.37 131.38
95% Confidence Interval       
(-/+ 1.96 SE) 3.44, 4.90

424.4, 
939.4

370764.5213

543.7018835

0.039527225
0.073982114

395.2722478 739.82114 Final Upper endpoint (x10000 x CF)

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Final Lower endpoint (x10000 x CF)

between Pts 7-10

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007)

Unbiased Absolute Density (No CF needed, no empty quads)

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Jeffs Sullivans, >10cm dbh trees

Unbiased Absolute Density (Stems/ha) = 543.70

Notes: Sampled 28 November 2008, 75m between Pts 1-6, 120m between Pts 6-7, 75m
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 370764.5

Key: BA= Basal Area, Diam= Diameter, Quad= Quadrant
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA 1 (cm2)
BA2 
(cm2) BA3 (cm2)

BA4 
(cm2)

Diam 1 
(cm)

Diam 2 
(cm)

Diam 3 
(cm)

Diam 4 
(cm) Distance2

1 1 Vitex lucens 5.40 8.0 8.0 0.0 0.0 0.0 3.2 29.16
1 2 Vitex lucens 6.65 15.9 15.9 0.0 0.0 0.0 4.5 44.22
1 3 Solanum pseudocapsicum 9.20 29.1 9.6 7.1 7.1 5.3 3.5 3.0 3.0 2.6 84.64
1 4 Melicytus ramiflorus 0.90 22.1 22.1 0.0 0.0 0.0 5.3 0.81
2 1 Geniostoma rupestre 1.20 70.9 70.9 0.0 0.0 0.0 9.5 1.44
2 2 Nil 0.0 0.0 0.0 0.0 0.00
2 3 Dysoxylum spectabile 11.70 35.3 35.3 0.0 0.0 0.0 6.7 136.89
2 4 Geniostoma rupestre 4.30 19.6 19.6 0.0 0.0 0.0 5.0 18.49
3 1 Corynocarpus laevigatus 5.00 18.9 18.9 0.0 0.0 0.0 4.9 25.00
3 2 Beilschmiedia tarairi 9.50 22.1 22.1 0.0 0.0 0.0 5.3 90.25
3 3 Nil 0.0 0.0 0.0 0.0 0.00
3 4 Geniostoma rupestre 9.40 45.5 19.6 11.3 14.5 0.0 5.0 3.8 4.3 88.36
4 1 Corynocarpus laevigatus 3.70 28.3 28.3 0.0 0.0 0.0 6.0 13.69
4 2 Podocarpus totara 3.65 44.2 44.2 0.0 0.0 0.0 7.5 13.32
4 3 Cyathea dealbata 4.30 77.0 77.0 0.0 0.0 0.0 9.9 18.49
4 4 Corynocarpus laevigatus 3.80 22.1 22.1 0.0 0.0 0.0 5.3 14.44
5 1 Podocarpus totara 4.85 23.8 23.8 0.0 0.0 0.0 5.5 23.52
5 2 Podocarpus totara 7.40 28.3 28.3 0.0 0.0 0.0 6.0 54.76
5 3 Podocarpus totara 1.60 15.9 15.9 0.0 0.0 0.0 4.5 2.56
5 4 Podocarpus totara 6.20 22.1 22.1 0.0 0.0 0.0 5.3 38.44
6 1 Podocarpus totara 9.00 12.6 12.6 0.0 0.0 0.0 4.0 81.00
6 2 Rhopalostylis sapida 5.80 77.0 77.0 0.0 0.0 0.0 9.9 33.64
6 3 Cyathea dealbata 3.90 50.3 50.3 0.0 0.0 0.0 8.0 15.21
6 4 Podocarpus totara 8.20 9.6 9.6 0.0 0.0 0.0 3.5 67.24
7 1 Geniostoma rupestre 6.40 23.8 23.8 0.0 0.0 0.0 5.5 40.96
7 2 Corynocarpus laevigatus 2.90 33.2 33.2 0.0 0.0 0.0 6.5 8.41
7 3 Corynocarpus laevigatus 4.00 40.7 40.7 0.0 0.0 0.0 7.2 16.00
7 4 Geniostoma rupestre 5.45 18.8 13.9 4.9 0.0 0.0 4.2 2.5 29.70
8 1 Rhopalostylis sapida 9.90 40.2 40.2 0.0 0.0 0.0 7.2 98.01
8 2 Geniostoma rupestre 6.40 8.6 8.6 0.0 0.0 0.0 3.3 40.96
8 3 Pseudopanax crassifolius 8.80 4.9 4.9 0.0 0.0 0.0 2.5 77.44
8 4 Geniostoma rupestre 6.00 13.2 13.2 0.0 0.0 0.0 4.1 36.00
9 1 Dysoxylum spectabile 5.80 50.3 50.3 0.0 0.0 0.0 8.0 33.64
9 2 Dysoxylum spectabile 11.50 63.6 63.6 0.0 0.0 0.0 9.0 132.25
9 3 Corynocarpus laevigatus 3.90 7.1 7.1 0.0 0.0 0.0 3.0 15.21
9 4 Dysoxylum spectabile 4.80 63.6 63.6 0.0 0.0 0.0 9.0 23.04

10 1 Geniostoma rupestre 11.10 12.6 12.6 0.0 0.0 0.0 4.0 123.21
10 2 Melicytus ramiflorus 8.60 6.2 6.2 0.0 0.0 0.0 2.8 73.96
10 3 Myrsine australis 10.25 18.1 18.1 0.0 0.0 0.0 4.8 105.06
10 4 Carpodetus serratus 9.10 7.1 7.1 0.0 0.0 0.0 3.0 82.81

Sum 240.55 1110.0 Sum 1832.24
Mean (/38) 6.33 29.2 4n=38
Std Dev 2.89 20.5
Std Error (SE) 0.47 3.3
95% Confidence Interval        
(-/+ 1.96 SE) 5.41, 7.25 22.7, 35.7

6561.05271

257.0825399
224.6078735

0.018529369
0.035263971

161.8873898 Final Upper endpoint (x10000 x CF)

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1))) squared / (3.142*(Sum of Distances2))
Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

308.0942656Final Lower endpoint (x10000 x CF)

Key: BA= Basal Area, Diam= Diameter, Quad= Quadrant

Jeffs Sullivans, >2.5 - <10cm dbh trees

Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 6561.1

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Unbiased Absolute Density (Stems/ha) = 224.61

Notes: Sampled 28 November 2008, 75m between Pts 1-6, 120m between Pts 6-7, 75m

Unbiased Absolute Density w Conversion Factor, (2/40) Vacant = 0.05, CF = 0.87368 (Warde and Petranka, 1981)

between Pts 7-10

Unbiased Absolute Density

BA/ha (Unbiased Absolute Density x Mean Basal Area)
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA 1 (cm2) BA 2 (cm2) BA 3 (cm2) BA 4 (cm2)
Diam 1 
(cm)

Diam 
2 (cm)

Diam 
3 (cm)

Diam 
4 (cm) Distance2

1 1 Rhopalostylis sapida 1.60 206.1 206.1 0.0 0.0 0.0 16.2 2.56
1 2 Dacrycarpus dacrydioides 3.50 784.4 784.4 0.0 0.0 0.0 31.6 12.25
1 3 Rhopalostylis sapida 2.65 181.5 181.5 0.0 0.0 0.0 15.2 7.02
1 4 Dacrycarpus dacrydioides 3.50 1150.0 551.6 598.4 0.0 0.0 26.5 27.6 12.25
2 1 Rhopalostylis sapida 1.40 158.4 158.4 0.0 0.0 0.0 14.2 1.96
2 2 Beilschmiedia taraire 2.35 1288.4 1288.4 0.0 0.0 0.0 40.5 5.52
2 3 Rhopalostylis sapida 2.80 188.7 188.7 0.0 0.0 0.0 15.5 7.84
2 4 Rhopalostylis sapida 2.00 138.9 138.9 0.0 0.0 0.0 13.3 4.00
3 1 Rhopalostylis sapida 1.85 102.1 102.1 0.0 0.0 0.0 11.4 3.42
3 2 Beilschmiedia taraire 3.10 366.5 366.5 0.0 0.0 0.0 21.6 9.61
3 3 Rhopalostylis sapida 2.50 134.8 134.8 0.0 0.0 0.0 13.1 6.25
3 4 Rhopalostylis sapida 1.50 219.1 219.1 0.0 0.0 0.0 16.7 2.25
4 1 Dacrydium cupressinum 3.60 555.8 555.8 0.0 0.0 0.0 26.6 12.96
4 2 Knightia excelsa 2.20 1018.0 1018.0 0.0 0.0 0.0 36.0 4.84
4 3 Beilschmiedia taraire 5.20 2624.2 2624.2 0.0 0.0 0.0 57.8 27.04
4 4 Knightia excelsa 2.80 251.7 251.7 0.0 0.0 0.0 17.9 7.84
5 1 Rhopalostylis sapida 3.60 265.9 265.9 0.0 0.0 0.0 18.4 12.96
5 2 Myrsine australis 1.60 246.1 246.1 0.0 0.0 0.0 17.7 2.56
5 3 Cyathea dealbata 3.90 176.7 176.7 0.0 0.0 0.0 15.0 15.21
5 4 Rhopalostylis sapida 7.60 176.7 176.7 0.0 0.0 0.0 15.0 57.76
6 1 Rhopalostylis sapida 1.40 181.5 181.5 0.0 0.0 0.0 15.2 1.96
6 2 Rhopalostylis sapida 1.30 280.6 280.6 0.0 0.0 0.0 18.9 1.69
6 3 Rhopalostylis sapida 3.95 193.6 193.6 0.0 0.0 0.0 15.7 15.60
6 4 Rhopalostylis sapida 2.00 254.5 254.5 0.0 0.0 0.0 18.0 4.00
7 1 Rhopalostylis sapida 3.50 203.6 203.6 0.0 0.0 0.0 16.1 12.25
7 2 Rhopalostylis sapida 2.40 201.1 201.1 0.0 0.0 0.0 16.0 5.76
7 3 Rhopalostylis sapida 3.10 219.1 219.1 0.0 0.0 0.0 16.7 9.61
7 4 Rhopalostylis sapida 1.80 216.5 216.5 0.0 0.0 0.0 16.6 3.24
8 1 Beilschmiedia taraire 1.80 989.9 989.9 0.0 0.0 0.0 35.5 3.24
8 2 Beilschmiedia taraire 0.90 188.7 188.7 0.0 0.0 0.0 15.5 0.81
8 3 Beilschmiedia taraire 1.80 535.1 535.1 0.0 0.0 0.0 26.1 3.24
8 4 Rhopalostylis sapida 1.70 198.6 198.6 0.0 0.0 0.0 15.9 2.89
9 1 Rhopalostylis sapida 1.80 181.5 181.5 0.0 0.0 0.0 15.2 3.24
9 2 Beilschmiedia taraire 3.30 323.7 323.7 0.0 0.0 0.0 20.3 10.89
9 3 Beilschmiedia taraire 2.00 881.5 881.5 0.0 0.0 0.0 33.5 4.00
9 4 Rhopalostylis sapida 1.25 193.6 193.6 0.0 0.0 0.0 15.7 1.56

10 1 Corynocarpus laevigatus 2.70 1037.4 962.2 17.4 41.9 15.9 35.0 4.7 7.3 4.5 7.29
10 2 Dacrydium cupressinum 3.20 4128.8 4128.8 0.0 0.0 0.0 72.5 10.24
10 3 Corynocarpus laevigatus 1.80 448.7 448.7 0.0 0.0 0.0 23.9 3.24
10 4 Nestegis lanceolata 2.80 408.3 408.3 0.0 0.0 0.0 22.8 7.84

Sum 103.75 21500.3 Sum 328.70
Mean (/40) 2.59 537.5 4n=40
Std Dev 1.24 752.3
Std Error (SE) 0.20 118.9
95% Confidence Interval        
(-/+ 1.96 SE) 2.21, 2.98 

304.4, 
770.6

811895.0419

1510.4815

0.109812277
0.205532882

1098.122769 2055.3288Final Lower endpoint (x 10000 x CF) Final Upper endpoint (x 10000 x CF)

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Unbiased Absolute Density (No CF needed, no vacant quads)

Jeffs Upper Norwood, >10 cm dbh trees

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Unbiased Absolute Density (Stems/ha) = 1510.48
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 811895.0

Key: BA= Basal Area, Diam= Diameter, Quad= Quadrant Notes: Sampled 10 April 2008, 30 m between points. 
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA1 (cm2) BA2 (cm2) BA3 (cm2) BA4 (cm2)
Diam 1 
(cm)

Diam 2 
(cm)

Diam 
3 (cm)

Diam 
4 (cm) Distance2

1 1 Myrsine australis 4.00 37.4 37.4 0.0 0.0 0.0 6.9 16.00
1 2 Cyathea dealbata 4.10 43.0 43.0 0.0 0.0 0.0 7.4 16.81
1 3 Melicytus ramiflorus 2.20 83.0 18.1 40.7 14.5 9.6 4.8 7.2 4.3 3.5 4.84
1 4 Vitex lucens 0.36 6.2 6.2 0.0 0.0 0.0 2.8 0.13
2 1 Corynocarpus laevigatus 1.10 13.9 13.9 0.0 0.0 0.0 4.2 1.21
2 2 Corynocarpus laevigatus 0.65 11.9 11.9 0.0 0.0 0.0 3.9 0.42
2 3 Corynocarpus laevigatus 1.85 11.3 11.3 0.0 0.0 0.0 3.8 3.42
2 4 Corynocarpus laevigatus 1.00 18.1 18.1 0.0 0.0 0.0 4.8 1.00
3 1 Geniostoma rupestre 4.80 37.8 20.4 17.4 0.0 0.0 5.1 4.7 23.04
3 2 Nil 0.0 0.0 0.0 0.0 0.00
3 3 Geniostoma rupestre 2.60 6.2 6.2 0.0 0.0 0.0 2.8 6.76
3 4 Geniostoma rupestre 3.00 10.2 10.2 0.0 0.0 0.0 3.6 9.00
4 1 Corynocarpus laevigatus 7.10 19.6 19.6 0.0 0.0 0.0 5.0 50.41
4 2 Corynocarpus laevigatus 7.90 12.6 12.6 0.0 0.0 0.0 4.0 62.41
4 3 Corynocarpus laevigatus 6.90 16.6 16.6 0.0 0.0 0.0 4.6 47.61
4 4 Melicytus ramiflorus 14.30 9.6 9.6 0.0 0.0 0.0 3.5 204.49
5 1 Geniostoma rupestre 6.80 8.0 8.0 0.0 0.0 0.0 3.2 46.24
5 2 Hedycarya arborea 7.90 4.9 4.9 0.0 0.0 0.0 2.5 62.41
5 3 Corynocarpus laevigatus 4.00 33.2 33.2 0.0 0.0 0.0 6.5 16.00
5 4 Geniostoma rupestre 5.90 6.2 6.2 0.0 0.0 0.0 2.8 34.81
6 1 Geniostoma rupestre 4.00 25.2 11.9 13.2 0.0 0.0 3.9 4.1 16.00
6 2 Vitex lucens 4.30 7.5 7.5 0.0 0.0 0.0 3.1 18.49
6 3 Hedycarya arborea 9.30 38.3 10.8 17.4 10.2 0.0 3.7 4.7 3.6 86.49
6 4 Melicytus micranthus 15.20 33.2 33.2 0.0 0.0 0.0 6.5 231.04
7 1 Nil 0.0 0.0 0.0 0.0 0.00
7 2 Geniostoma rupestre 12.30 9.1 9.1 0.0 0.0 0.0 3.4 151.29
7 3 Geniostoma rupestre 7.60 4.9 4.9 0.0 0.0 0.0 2.5 57.76
7 4 Geniostoma rupestre 10.20 36.3 36.3 0.0 0.0 0.0 6.8 104.04
8 1 Nil 0.0 0.0 0.0 0.0 0.00
8 2 Vitex lucens 15.50 40.3 26.4 13.9 0.0 0.0 5.8 4.2 240.25
8 3 Nil 0.0 0.0 0.0 0.0 0.00
8 4 Nil 0.0 0.0 0.0 0.0 0.00
9 1 Geniostoma rupestre 4.40 19.6 19.6 0.0 0.0 0.0 5.0 19.36
9 2 Corynocarpus laevigatus 7.50 24.6 24.6 0.0 0.0 0.0 5.6 56.25
9 3 Cyathea dealbata 8.00 70.9 70.9 0.0 0.0 0.0 9.5 64.00
9 4 Nil 0.0 0.0 0.0 0.0 0.00

10 1 Geniostoma rupestre 14.30 15.3 9.6 5.7 0.0 0.0 3.5 2.7 204.49
10 2 Nil 0.0 0.0 0.0 0.0 0.00
10 3 Rhopalostylis sapida 14.10 77.0 77.0 0.0 0.0 0.0 9.9 198.81
10 4 Nil 0.0 0.0 0.0 0.0 0.00

Sum 213.16 791.9 Sum 2055.28
Mean (/32) 6.66 24.7 4n=32
Std Dev 4.53 20.9
Std Error (SE) 0.80 3.7
95% Confidence Interval       
(-/+ 1.96 SE) 5.09, 8.23 17.5, 32.0

3049.87792

192.018705
123.2414452

0.013420473
0.027102164

86.13527832 173.94711 Final Upper endpoint (x10000 x CF)Final Lower endpoint (x10000 x CF)

Notes: Sampled 10 April 2008, 30 m between points. Key: BA= Basal Area, Diam= Diameter, Quad= Quadrant

Unbiased Density = (10000 x (4(4n-1)) / 3.142*(Sum Distances2) (From Mitchell, 2007)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

Unbiased Absolute Density w. Conversion Factor, (8/40) Vacant = 0.20, CF = 0.64182 (Warde and Petranka, 1981)

Unbiased Absolute Density (Stems/ha) = 123.24
Basal Area/ha (cm2/ha) =Unbiased Absolute Density x Mean Basal Area = 3049.9

Unbiased Absolute Density

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Jeffs Upper Norwood, >2.5 - <10cm dbh trees

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
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Point Quad Species
Distance 

(m) BA Sum (cm2) BA 1 (cm2) BA 2 (cm2)
Diam 1 

(cm)
Diam 2 

(cm) Distance2

1 1 Metrosideros excelsa 2.70 103.9 103.9 0.0 11.5 7.29
1 2 Nil 0.0 0.0 0.00
1 3 Nil 0.0 0.0 0.00
1 4 Metrosideros excelsa 3.80 158.4 158.4 0.0 14.2 14.44
2 1 Prunus sp. 10.50 103.9 103.9 0.0 11.5 110.25
2 2 Nil 0.0 0.0 0.00
2 3 Nil 0.0 0.0 0.00
2 4 Populus sp. 20.00 93.3 93.3 0.0 10.9 400.00
3 1 Nil 0.0 0.0 0.00
3 2 Nil 0.0 0.0 0.00
3 3 Nil 0.0 0.0 0.00
3 4 Nil 0.0 0.0 0.00
4 1 Nil 0.0 0.0 0.00
4 2 Sorbus aucuparia 12.40 81.7 81.7 0.0 10.2 153.76
4 3 Nil 0.0 0.0 0.00
4 4 Nil 0.0 0.0 0.00
5 1 Nil 0.0 0.0 0.00
5 2 Nil 0.0 0.0 0.00
5 3 Sorbus aucuparia 4.10 83.3 83.3 0.0 10.3 16.81
5 4 Sorbus aucuparia 10.50 105.7 105.7 0.0 11.6 110.25
6 1 Nil 0.0 0.0 0.00
6 2 Platanus x hispanica 12.80 158.4 158.4 0.0 14.2 163.84
6 3 Nil 0.0 0.0 0.00
6 4 Sorbus aucuparia 19.40 107.5 107.5 0.0 11.7 376.36
7 1 Nil 0.0 0.0 0.00
7 2 Nil 0.0 0.0 0.00
7 3 Nil 0.0 0.0 0.00
7 4 Nil 0.0 0.0 0.00
8 1 Cordyline australis 15.80 238.2 95.0 143.2 11.0 13.5 249.64
8 2 Nil 0.0 0.0 0.00
8 3 Nil 0.0 0.0 0.00
8 4 Nil 0.0 0.0 0.00
9 1 Nil 0.0 0.0 0.00
9 2 Liriodendron tulipifera 17.10 105.7 105.7 0.0 11.6 292.41
9 3 Nil 0.0 0.0 0.00
9 4 Nil 0.0 0.0 0.00

10 1 Nil 0.0 0.0 0.00
10 2 Nil 0.0 0.0 0.00
10 3 Nil 0.0 0.0 0.00
10 4 Nil 0.0 0.0 0.00

Sum 129.10 1340.0 Sum 1895.05
Mean (/11) 11.74 121.8 4n=11
Std Dev 6.16 46.4
Std Error (SE) 1.86 14.0
95% Confidence Interval        
(-/+ 1.96 SE) 8.09, 15.38 94.4, 149.2

1366.630289

67.17893854
11.21821095

Warde and Petranka, 1981)

0.003549809
0.012184036

5.927826341 20.34612115

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 1366.6
Unbiased Absolute Density (Stems/ha) = 11.22

Point View, >10cm dbh trees

Key: BA = Basal Area, Diam = Diameter, Quad = Quadrant Notes: Sampled November 2006, 50m between points

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Final Lower endpoint (x10000 x CF) Final Upper endpoint (x10000 x CF)

Unbiased Absolute Density w Conversion Factor, (29/40) Vacant = 0.73, CF = 0.16699 (From

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

Unbiased Absolute Density

BA/ha (Unbiased Absolute Density x Mean Basal Area)
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA 1 (cm2) BA 2 (cm2) BA 3 (cm2)
Diam 1 

(cm)
Diam 2 

(cm)
Diam 3 

(cm) Distance2

1 1 Nil 0.0 0.0 0.0 0.00
1 2 Nil 0.0 0.0 0.0 0.00
1 3 Metrosideros excelsa 8.70 50.3 50.3 0.0 0.0 8.0 75.69
1 4 Nil 0.0 0.0 0.0 0.00
2 1 Nil 0.0 0.0 0.0 0.00
2 2 Nil 0.0 0.0 0.0 0.00
2 3 Populus sp.   19.90 38.5 38.5 0.0 0.0 7.0 396.01
2 4 Nil 0.0 0.0 0.0 0.00
3 1 Metrosideros excelsa 4.05 23.8 23.8 0.0 0.0 5.5 16.40
3 2 Nil 0.0 0.0 0.0 0.00
3 3 Metrosideros excelsa 18.00 25.5 25.5 0.0 0.0 5.7 324.00
3 4 Metrosideros excelsa 10.30 35.3 35.3 0.0 0.0 6.7 106.09
4 1 Sorbus aucuparia 6.85 28.3 28.3 0.0 0.0 6.0 46.92
4 2 Sorbus aucuparia 3.50 39.6 39.6 0.0 0.0 7.1 12.25
4 3 Sorbus aucuparia 14.40 13.9 13.9 0.0 0.0 4.2 207.36
4 4 Sorbus aucuparia 9.25 19.6 19.6 0.0 0.0 5.0 85.56
5 1 Olea europaea 8.60 32.2 32.2 0.0 0.0 6.4 73.96
5 2 Sorbus aucuparia 18.30 40.7 40.7 0.0 0.0 7.2 334.89
5 3 Nil 0.0 0.0 0.0 0.00
5 4 Olea europaea 7.20 4.9 4.9 0.0 0.0 2.5 51.84
6 1 Sorbus aucuparia 19.10 46.6 46.6 0.0 0.0 7.7 364.81
6 2 Nil 0.0 0.0 0.0 0.00
6 3 Sorbus aucuparia 6.25 50.3 50.3 0.0 0.0 8.0 39.06
6 4 Nil 0.0 0.0 0.0 0.00
7 1 Nil 0.0 0.0 0.0 0.00
7 2 Nil 0.0 0.0 0.0 0.00
7 3 Nil 0.0 0.0 0.0 0.00
7 4 Sorbus aucuparia 18.50 51.5 36.3 15.2 0.0 6.8 4.4 342.25
8 1 Nil 0.0 0.0 0.0 0.00
8 2 Nil 0.0 0.0 0.0 0.00
8 3 Nil 0.0 0.0 0.0 0.00
8 4 Nil 0.0 0.0 0.0 0.00
9 1 Nil 0.0 0.0 0.0 0.00
9 2 Nil 0.0 0.0 0.0 0.00
9 3 Liriodendron tulipifera 8.40 21.2 21.2 0.0 0.0 5.2 70.56
9 4 Liriodendron tulipifera 6.20 30.2 30.2 0.0 0.0 6.2 38.44

10 1 Leptospermum sp.  19.60 38.5 38.5 0.0 0.0 7.0 384.16
10 2 Nil 0.0 0.0 0.0 0.00
10 3 Nil 0.0 0.0 0.0 0.00
10 4 Prunus sp. 4.90 45.4 45.4 0.0 0.0 7.6 24.01

Sum 212.00 636.1 Sum 2994.27
Mean (/19) 11.16 33.5 4n=19
Std Dev 5.91 13.1
Std Error (SE) 1.36 3.0
95% Confidence Interval        
(-/+ 1.96 SE) 8.50, 13.82 27.6, 39.4

806.4473812

76.53064202
24.08648896

0.004771835
0.011988716

15.01839561 37.7320857

Unbiased Absolute Density

Point View, >2.5 - <10cm dbh trees

Unbiased Absolute Density (Stems/ha) = 24.09
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 806.4

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

Final Lower endpoint (x 10000 x CF) Final Upper endpoint (x 10000 x CF)

and Petranka, 1981)

Notes: Sampled November 2006, 50m between pointsKey: BA = Basal Area, Diam = Diameter, Quad = Quadrant

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Unbiased Absolute Density w Conversion Factor, (21/40) Vacant = 0.53, CF = 0.31473 (From Warde

BA/ha (Unbiased Absolute Density x Mean Basal Area)
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2)
BA 1 
(cm2)

BA 2 
(cm2)

BA 3 
(cm2)

BA 4 
(cm2)

BA 5 
(cm2)

BA 6 
(cm2)

BA 7 
(cm2)

BA 8 
(cm2)

BA 9 
(cm2)

BA 10 
(cm2)

BA 11 
(cm2)

BA 12 
(cm2)

Diam 1 
(cm)

Diam 2 
(cm)

Diam 3 
(cm)

Diam 4 
(cm)

Diam 5 
(cm)

Diam 6 
(cm)

Diam 7 
(cm)

Diam 8 
(cm)

Diam 9 
(cm)

Diam 10 
(cm)

Diam 11 
(cm)

Diam 12 
(cm) Distance2

1 1 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
1 2 Melicytus ramiflorus 1.70 494.7 14.5 8.0 8.6 25.5 12.6 91.6 38.5 22.1 213.9 31.2 21.2 7.1 4.3 3.2 3.3 5.7 4.0 10.8 7.0 5.3 16.5 6.3 5.2 3.0 2.89
1 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
1 4 Solanum mauritianum 6.40 83.3 83.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.3 40.96
2 1 Cyathea medullaris 1.20 647.0 647.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.7 1.44
2 2 Melicytus ramiflorus 2.70 522.0 280.6 7.1 124.7 4.9 73.9 9.6 21.2 0.0 0.0 0.0 0.0 0.0 18.9 3.0 12.6 2.5 9.7 3.5 5.2 7.29
2 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
2 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
3 1 Myrsine australis 1.25 95.0 95.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 1.56
3 2 Melicytus ramiflorus 2.15 241.7 213.9 22.9 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.5 5.4 2.5 4.62
3 3 Melicytus ramiflorus 3.30 1289.7 1104.6 11.3 8.0 8.0 23.8 6.6 8.0 10.2 34.2 40.7 14.5 19.6 37.5 3.8 3.2 3.2 5.5 2.9 3.2 3.6 6.6 7.2 4.3 5.0 10.89
3 4 Cyathea medullaris 1.80 526.9 526.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.9 3.24
4 1 Melicytus ramiflorus 0.50 218.4 55.4 89.9 31.2 41.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.4 10.7 6.3 7.3 0.25
4 2 Cyathea medullaris 7.60 415.5 415.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.0 57.76
4 3 Cordyline australis 11.40 103.9 103.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.5 129.96
4 4 Melicytus ramiflorus 4.20 125.9 103.9 22.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.5 5.3 17.64
5 1 Melicytus ramiflorus 7.20 551.6 551.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.5 51.84
5 2 Melicytus ramiflorus 4.30 430.6 75.4 232.4 122.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.8 17.2 12.5 18.49
5 3 Melicytus ramiflorus 2.60 141.0 141.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.4 6.76
5 4 Melicytus ramiflorus 4.40 1026.6 80.1 9.1 27.3 268.8 56.8 20.4 51.5 320.5 95.0 45.4 51.5 0.0 10.1 3.4 5.9 18.5 8.5 5.1 8.1 20.2 11.0 7.6 8.1 19.36
6 1 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
6 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
6 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
6 4 Melicytus ramiflorus 9.60 430.6 75.4 232.4 122.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.8 17.2 12.5 92.16
7 1 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
7 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
7 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
7 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
8 1 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
8 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
8 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
8 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
9 1 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
9 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
9 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
9 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00

10 1 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
10 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
10 3 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
10 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00

Sum 72.30 7344.6 Sum 467.12
Mean (/17) 4.25 432.0 4n=17
Std Dev 3.16 333.0
Std Error (SE) 0.77 80.8
95% Confidence Interval (-
/+ 1.96 SE) 2.75, 5.75

273.7, 
590.3

51868.70971

436.0637444
120.0570701

0.026405715
0.070130076

72.70021577

Notes: Sampled November 2006, 15m between points.Key: BA = Basal Area, Diam = Diameter, Quad = Quadrant
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 51868.7

Unbiased Absolute Density w Conversion Factor, (23/40) Vacant = 0.58, CF = 0.27532 (From Warde and Petranka, 1981)

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Unbiased Absolute Density (Stems/ha) = 120.06

Final Lower endpoint (x 10000 x CF) 193.082126 Final Upper endpoint (x 10000 x CF)

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

Redoubt, >10cm dbh trees

Unbiased Absolute Density
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA 1 (cm2) BA2 (cm2) BA 3 (cm2) BA 4 (cm2)
Diam 1 

(cm)
Diam 2 

(cm)
Diam 3 

(cm)
Diam 4 

(cm) Distance2

1 1 Melicytus ramiflorus 3.50 46.6 46.6 0.0 0.0 0.0 7.7 12.25
1 2 Ulex europaeus 2.40 15.7 12.6 3.1 0.0 0.0 4.0 2.0 5.76
1 3 Macropiper excelsum 2.45 8.0 8.0 0.0 0.0 0.0 3.2 6.00
1 4 Hedycarya arborea 2.10 12.6 12.6 0.0 0.0 0.0 4.0 4.41
2 1 Melicytus ramiflorus 1.70 7.1 7.1 0.0 0.0 0.0 3.0 2.89
2 2 Macropiper excelsum 0.90 41.5 12.6 13.9 7.1 8.0 4.0 4.2 3.0 3.2 0.81
2 3 Geniostoma rupestre 1.20 9.1 9.1 0.0 0.0 0.0 3.4 1.44
2 4 Melicytus ramiflorus 1.80 27.1 12.6 9.6 4.9 0.0 4.0 3.5 2.5 3.24
3 1 Melicytus ramiflorus 4.00 33.6 23.8 4.9 4.9 0.0 5.5 2.5 2.5 16.00
3 2 Macropiper excelsum 0.90 33.1 8.0 7.1 11.3 6.6 3.2 3.0 3.8 2.9 0.81
3 3 Myrsine australis 4.20 15.9 15.9 0.0 0.0 0.0 4.5 17.64
3 4 Melicytus ramiflorus 1.25 20.4 11.3 9.1 0.0 0.0 3.8 3.4 1.56
4 1 Pseudopanax arboreus 3.80 9.6 9.6 0.0 0.0 0.0 3.5 14.44
4 2 Griselinia lucida 2.80 9.6 9.6 0.0 0.0 0.0 3.5 7.84
4 3 Melicytus ramiflorus 0.90 16.6 16.6 0.0 0.0 0.0 4.6 0.81
4 4 Dodonaea viscosa 2.85 9.1 9.1 0.0 0.0 0.0 3.4 8.12
5 1 Ulex europaeus 2.20 9.8 4.9 4.9 0.0 0.0 2.5 2.5 4.84
5 2 Griselinia lucida 4.20 43.0 43.0 0.0 0.0 0.0 7.4 17.64
5 3 Geniostoma rupestre 2.80 37.2 22.1 7.5 7.5 0.0 5.3 3.1 3.1 7.84
5 4 Melicytus ramiflorus 2.70 80.1 56.8 5.7 9.6 8.0 8.5 2.7 3.5 3.2 7.29
6 1 Pittosporum eugenioides 4.00 25.5 9.6 15.9 0.0 0.0 3.5 4.5 16.00
6 2 Nil 0.0 0.0 0.0 0.0 0.00
6 3 Metrosideros excelsa 9.00 14.1 7.1 7.1 0.0 0.0 3.0 3.0 81.00
6 4 Nil 0.0 0.0 0.0 0.0 0.00
7 1 Nil 0.0 0.0 0.0 0.0 0.00
7 2 Prunus sp. 15.00 12.6 12.6 0.0 0.0 0.0 4.0 225.00
7 3 Nil 0.0 0.0 0.0 0.0 0.00
7 4 Nil 0.0 0.0 0.0 0.0 0.00
8 1 Nil 0.0 0.0 0.0 0.0 0.00
8 2 Nil 0.0 0.0 0.0 0.0 0.00
8 3 Prunus sp. 5.00 12.6 12.6 0.0 0.0 0.0 4.0 25.00
8 4 Nil 0.0 0.0 0.0 0.0 0.00
9 1 Nil 0.0 0.0 0.0 0.0 0.00
9 2 Nil 0.0 0.0 0.0 0.0 0.00
9 3 Nil 0.0 0.0 0.0 0.0 0.00
9 4 Nil 0.0 0.0 0.0 0.0 0.00

10 1 Nil 0.0 0.0 0.0 0.0 0.00
10 2 Nil 0.0 0.0 0.0 0.0 0.00
10 3 Nil 0.0 0.0 0.0 0.0 0.00
10 4 Nil 0.0 0.0 0.0 0.0 0.00

Sum 81.65 550.5 Sum 488.64
Mean (/24) 3.40 22.9 4n = 24
Std Dev 3.03 17.4
Std Error (SE) 0.62 3.5
95% Confidence Interval        
(-/+ 1.96 SE) 2.19, 4.61 16.0, 29.9

5871.152702

599.2318011
255.9438869

0.039493392
0.089265369

168.6841757 381.2702436

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Unbiased Absolute Density w Conversion Factor, (16/40) Vacant = 0.40, CF = 0.42712 (From Warde and Petranka, 1981)

Final Lower endpoint (x 10000 x CF) Final Upper endpoint (x 10000 x CF)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

Unbiased Absolute Density

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Redoubt, >2.5 - <10cm dbh trees

Unbiased Absolute Density (Stems/ha) = 255.94
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 5871.2

Key: BA = Basal Area, Diam = Diameter, Quad = Quadrant Notes: Sampled November 2006, 15m between points.
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Point Quadrant Species Distance (m) BA Sum (cm2) Diameter (cm) Distance2

1 1 Salix fragilis 8.60 1075.3 37.0 73.96
1 2 Salix fragilis 2.70 989.9 35.5 7.29
1 3 Salix fragilis 2.75 721.2 30.3 7.56
1 4 Populus sp. 4.80 2384.8 55.1 23.04
2 1 Salix fragilis 3.00 1244.3 39.8 9.00
2 2 Populus sp. 7.10 1238.0 39.7 50.41
2 3 Populus sp. 2.00 1012.4 35.9 4.00
2 4 Salix fragilis 10.00 804.4 32.0 100.00
3 1 Salix fragilis 5.00 1385.6 42.0 25.00
3 2 Salix fragilis 4.40 1225.6 39.5 19.36
3 3 Populus sp. 4.10 1597.7 45.1 16.81
3 4 Salix fragilis 11.80 1333.3 41.2 139.24
4 1 Salix fragilis 7.20 2307.5 54.2 51.84
4 2 Salix fragilis 6.20 1626.2 45.5 38.44
4 3 Salix fragilis 2.50 2165.0 52.5 6.25
4 4 Salix fragilis 5.70 1250.5 39.9 32.49
5 1 Salix fragilis 6.40 1301.2 40.7 40.96
5 2 Salix fragilis 5.80 1555.5 44.5 33.64
5 3 Salix fragilis 2.10 1940.3 49.7 4.41
5 4 Salix fragilis 5.00 1576.5 44.8 25.00
6 1 Cyathea dealbata 2.70 167.4 14.6 7.29
6 2 Nil 0.00
6 3 Salix fragilis 5.80 404.8 22.7 33.64
6 4 Populus sp. 8.35 232.4 17.2 69.72
7 1 Salix fragilis 14.90 498.8 25.2 222.01
7 2 Populus sp. 12.10 1146.2 38.2 146.41
7 3 Salix fragilis 3.60 326.9 20.4 12.96
7 4 Populus sp. 14.80 902.7 33.9 219.04
8 1 Salix fragilis 6.05 122.7 12.5 36.60
8 2 Salix fragilis 12.30 176.7 15.0 151.29
8 3 Populus sp. 8.40 1772.3 47.5 70.56
8 4 Salix fragilis 5.05 201.1 16.0 25.50
9 1 Populus sp. 3.60 1164.3 38.5 12.96
9 2 Nil 0.00
9 3 Salix fragilis 5.60 3068.4 62.5 31.36
9 4 Nil 0.00

10 1 Populus sp. 13.30 897.4 33.8 176.89
10 2 Populus sp. 9.70 779.4 31.5 94.09
10 3 Salix fragilis 9.80 206.1 16.2 96.04
10 4 Salix fragilis 10.40 274.7 18.7 108.16

Sum 253.60 41077.5 Sum 2223.23
Mean (/37) 6.85 1110.2 4n=37
Std Dev 3.67 708.8
Std Error (SE) 0.60 116.5
95% Confidence Interval        
(-/+ 1.96 SE) 5.67, 8.04 881.8, 1338.6

187143.1558

Unbiased Density = (10000 x (4(4n-1)) / 3.142*(Sum Distances2) (From Mitchell, 2007) 
206.1445784
168.5664832

0.014790033
0.028397715

120.9395754
232.2109528 Final Upper endpoint (x 10000 x CF)

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Final Lower endpoint (x 10000 x CF)

Unbiased Absolute Density (Stems/ha) = 168.57
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 187143.2

Key: BA = Basal Area

Unbiased Absolute Density w Conversion Factor, (3/40) Vacant = 0.08, CF = 0.81771 (From 
 Warde and Petranka, 1981)

Regis Park, >10cm dbh trees

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Notes: Sampled November 2006, 30m between points

Unbiased Absolute Density

2007)
95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 
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Regis Park, >2.5 - <10cm dbh trees

Point Quad Species
Distance 

(m)
BA Sum 

(cm2) BA 1 (cm2) BA 2 (cm2) BA 3 (cm2)
Diam 1 

(cm)
Diam 2 

(cm)
Diam 3 

(cm) Distance2

1 1 Nil 0.0 0.0 0.0 0.00
1 2 Nil 0.0 0.0 0.0 0.00
1 3 Nil 0.0 0.0 0.0 0.00
1 4 Nil 0.0 0.0 0.0 0.00
2 1 Nil 0.0 0.0 0.0 0.00
2 2 Nil 0.0 0.0 0.0 0.00
2 3 Nil 0.0 0.0 0.0 0.00
2 4 Nil 0.0 0.0 0.0 0.00
3 1 Nil 0.0 0.0 0.0 0.00
3 2 Nil 0.0 0.0 0.0 0.00
3 3 Nil 0.0 0.0 0.0 0.00
3 4 Nil 0.0 0.0 0.0 0.00
4 1 Nil 0.0 0.0 0.0 0.00
4 2 Crataegus sp. 3.70 91.6 56.8 24.6 10.2 8.5 5.6 3.6 13.69
4 3 Nil 0.0 0.0 0.0 0.00
4 4 Nil 0.0 0.0 0.0 0.00
5 1 Nil 0.0 0.0 0.0 0.00
5 2 Nil 0.0 0.0 0.0 0.00
5 3 Nil 0.0 0.0 0.0 0.00
5 4 Nil 0.0 0.0 0.0 0.00
6 1 Nil 0.0 0.0 0.0 0.00
6 2 Nil 0.0 0.0 0.0 0.00
6 3 Nil 0.0 0.0 0.0 0.00
6 4 Nil 0.0 0.0 0.0 0.00
7 1 Nil 0.0 0.0 0.0 0.00
7 2 Nil 0.0 0.0 0.0 0.00
7 3 Nil 0.0 0.0 0.0 0.00
7 4 Nil 0.0 0.0 0.0 0.00
8 1 Nil 0.0 0.0 0.0 0.00
8 2 Nil 0.0 0.0 0.0 0.00
8 3 Nil 0.0 0.0 0.0 0.00
8 4 Nil 0.0 0.0 0.0 0.00
9 1 Populus sp. 2.60 9.6 9.6 0.0 0.0 3.5 6.76
9 2 Nil 0.0 0.0 0.0 0.00
9 3 Nil 0.0 0.0 0.0 0.00
9 4 Nil 0.0 0.0 0.0 0.00

10 1 Nil 0.0 0.0 0.0 0.00
10 2 Populus sp. 8.30 59.5 59.5 0.0 0.0 8.7 68.89
10 3 Populus sp. 3.90 20.4 20.4 0.0 0.0 5.1 15.21
10 4 Nil 0.0 0.0 0.0 0.00

Sum 18.50 181.1 Sum 104.55
Mean (/4) 4.63 45.3 4n=4
Std Dev 2.52 37.6
Std Error (SE) 1.26 18.8
95% Confidence Interval        
(-/+ 1.96 SE) 2.16, 7.09 8.5, 82.1

965.2404878

365.3011406
21.32262757

0.011140179
0.103574121

6.502522354 Final Lower endpoint (x 10000 x CF) 60.45621426 Final Upper endpoint (x 10000 x CF)

Unbiased Absolute Density (Stems/ha) = 21.32
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 965.2

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Key: BA = Basal Area, Diam = Diameter, Quad = Quadrant

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Notes: Sampled November 2006, 30m between points

Unbiased Absolute Density
Unbiased Density = (10000 x (4(4n-1)) / 3.142*(Sum Distances2) (From Mitchell, 2007)

Unbiased Absolute Density w Conversion Factor, (36/40) Vacant = 0.90, CF = 0.05837 (From Warde
and Petranka, 1981) 

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2)
BA 1 
(cm2)

BA 2 
(cm2)

BA 3 
(cm2)

BA 4 
(cm2)

BA 5 
(cm2)

BA 6 
(cm2)

BA 7 
(cm2)

BA 8 
(cm2)

BA 9 
(cm2)

BA 10 
(cm2)

Diam 1 
(cm)

Daim 2 
(cm)

Diam 3 
(cm)

Diam 4 
(cm)

Diam 5 
(cm) 

Diam 
6 (cm)

Diam 7 
(cm)

Diam 
8 (cm)

Diam 9 
(cm) 

Diam 10 
(cm) Distance2

1 1 Dacrycarpus dacrydioides 10.20 260.2 260.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.2 104.04
1 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
1 3 Melicytus ramiflorus 8.70 194.8 37.4 30.2 86.6 0.8 1.3 38.5 0.0 0.0 0.0 0.0 6.9 6.2 10.5 1.0 1.3 7.0 75.69
1 4 Melicytus ramiflorus 13.50 147.4 147.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.7 182.25
2 1 Dacrycarpus dacrydioides 19.60 779.4 779.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31.5 384.16
2 2 Dacrycarpus dacrydioides 8.40 633.6 633.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.4 70.56
2 3 Dacrycarpus dacrydioides 12.00 707.0 707.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 30.0 144.00
2 4 Dacrycarpus dacrydioides 12.50 260.2 260.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.2 156.25
3 1 Dacrycarpus dacrydioides 3.70 794.3 794.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31.8 13.69
3 2 Melicytus ramiflorus 10.50 86.6 86.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.5 110.25
3 3 Cyathea dealbata 10.00 176.7 176.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.0 100.00
3 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
4 1 Melicytus ramiflorus 6.30 362.1 22.1 88.3 122.7 63.6 35.3 30.2 0.0 0.0 0.0 0.0 5.3 10.6 12.5 9.0 6.7 6.2 39.69
4 2 Cyathea medullaris 9.40 380.2 380.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.0 88.36
4 3 Melicytus ramiflorus 8.50 442.1 12.6 19.6 28.3 7.1 176.7 63.6 28.3 83.3 14.5 8.0 4.0 5.0 6.0 3.0 15.0 9.0 6.0 10.3 4.3 3.2 72.25
4 4 Cyathea medullaris 8.00 934.9 934.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 34.5 64.00
5 1 Melicytus ramiflorus 2.60 471.8 229.7 38.5 13.9 22.1 91.6 9.6 66.5 0.0 0.0 0.0 17.1 7.0 4.2 5.3 10.8 3.5 9.2 6.76
5 2 Melicytus ramiflorus 2.10 133.5 95.0 38.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 7.0 4.41
5 3 Melicytus ramiflorus 6.60 224.4 136.9 9.6 7.1 70.9 0.0 0.0 0.0 0.0 0.0 0.0 13.2 3.5 3.0 9.5 43.56
5 4 Cordyline australis 6.40 145.3 145.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.6 40.96
6 1 Rhopalostylis sapida 0.65 232.4 232.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.2 0.42
6 2 Dicksonia squarrosa 4.20 113.1 113.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 17.64
6 3 Dicksonia squarrosa 0.50 95.0 95.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 0.25
6 4 Melicytus ramiflorus 9.50 457.8 102.1 147.4 32.2 136.9 19.6 19.6 0.0 0.0 0.0 0.0 11.4 13.7 6.4 13.2 5.0 5.0 90.25
7 1 Melicytus ramiflorus 3.10 157.7 14.5 86.6 30.2 13.2 13.2 0.0 0.0 0.0 0.0 0.0 4.3 10.5 6.2 4.1 4.1 9.61
7 2 Cyathea medullaris 4.70 430.1 430.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.4 22.09
7 3 Cyathea medullaris 3.95 647.0 647.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.7 15.60
7 4 Melicytus ramiflorus 7.35 221.3 102.1 73.9 21.2 13.9 10.2 0.0 0.0 0.0 0.0 0.0 11.4 9.7 5.2 4.2 3.6 54.02
8 1 Melicytus ramiflorus 4.00 141.0 141.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.4 16.00
8 2 Melicytus ramiflorus 6.20 132.7 132.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.0 38.44
8 3 Dacrycarpus dacrydioides 9.50 1184.5 804.4 380.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.0 22.0 90.25
8 4 Melicytus ramiflorus 1.65 161.5 111.2 50.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 8.0 2.72
9 1 Cyathea medullaris 2.15 248.9 248.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.8 4.62
9 2 Melicytus ramiflorus 3.95 111.2 111.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 15.60
9 3 Dicksonia squarrosa 3.10 83.3 83.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.3 9.61
9 4 Dacrycarpus dacrydioides 7.35 323.7 323.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.3 54.02

10 1 Cyathea dealbata 2.30 227.0 227.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.0 5.29
10 2 Cyathea dealbata 4.75 165.2 165.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.5 22.56
10 3 Cyathea dealbata 3.20 136.9 136.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.2 10.24
10 4 Cyathea dealbata 2.10 397.7 397.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.5 4.41

Sum 243.20 12802.8 Sum 2184.54
Mean (/38) 6.40 336.9 4n=38
Std Dev 4.12 264.5
Std Error (SE) 0.67 42.9

95% Confidence Interval        
(-/+ 1.96 SE) 5.09, 7.71

252.8, 
421.0

63470.04635 BA/ha (Unbiased Absolute Density x Mean Basal Area)

215.6232231
188.3856975

0.015541165
0.029577003

135.7800525

Unbiased Absolute Density

Notes: Sampled 20 November 2006, 20m between points

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Tiffany, >10cm dbh trees

Unbiased Absolute Density (Stems/ha) = 188.39

Key: BA = Basal Area, Diam = Diameter, Quad = Quadrant
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 63470.0

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

258.408364

Unbiased Absolute Density w Conversion Factor, (2/40) Vacant = 0.05, CF = 0.87368 (From Warde and Petranka, 1981)

Final Lower endpoint (x10000 x CF) Final Upper endpoint (x10000 x CF)

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2)
BA 1 
(cm2)

BA 2 
(cm2)

BA 3 
(cm2)

BA 4 
(cm2)

BA 5 
(cm2)

BA 6 
(cm2)

BA 7 
(cm2)

Diam 1 
(cm)

Diam 2 
(cm)

Diam 3 
(cm)

Diam 4 
(cm)

Diam 5 
(cm)

Diam 6 
(cm)

Diam 7 
(cm) Distance2

1 1 Melicytus ramiflorus 8.40 12.6 12.6 0.0 0.0 0.0 0.0 0.0 0.0 4.0 70.56
1 2 Melicytus ramiflorus 16.90 42.3 20.4 3.8 18.1 0.0 0.0 0.0 0.0 5.1 2.2 4.8 285.61
1 3 Aristotelia serrata 4.00 59.5 59.5 0.0 0.0 0.0 0.0 0.0 0.0 8.7 16.00
1 4 Ulex europaeus 6.40 33.2 33.2 0.0 0.0 0.0 0.0 0.0 0.0 6.5 40.96
2 1 Melicytus ramiflorus 5.10 13.9 13.9 0.0 0.0 0.0 0.0 0.0 0.0 4.2 26.01
2 2 Dacrycarpus dacrydioides 13.20 19.6 19.6 0.0 0.0 0.0 0.0 0.0 0.0 5.0 174.24
2 3 Melicytus ramiflorus 10.40 24.6 18.9 5.7 0.0 0.0 0.0 0.0 0.0 4.9 2.7 108.16
2 4 Ulex europaeus 5.80 51.5 51.5 0.0 0.0 0.0 0.0 0.0 0.0 8.1 33.64
3 1 Melicytus ramiflorus 17.40 100.5 10.2 11.3 15.9 39.6 13.9 9.6 0.0 3.6 3.8 4.5 7.1 4.2 3.5 302.76
3 2 Melicytus ramiflorus 7.90 102.6 18.9 15.2 11.9 13.9 22.9 9.6 10.2 4.9 4.4 3.9 4.2 5.4 3.5 3.6 62.41
3 3 Melicytus ramiflorus 9.60 66.8 38.5 28.3 0.0 0.0 0.0 0.0 0.0 7.0 6.0 92.16
3 4 Ulex europaeus 8.60 15.6 8.6 7.1 0.0 0.0 0.0 0.0 0.0 3.3 3.0 73.96
4 1 Melicytus ramiflorus 6.00 7.1 7.1 0.0 0.0 0.0 0.0 0.0 0.0 3.0 36.00
4 2 Cordyline australis 8.90 38.5 38.5 0.0 0.0 0.0 0.0 0.0 0.0 7.0 79.21
4 3 Ulex europaeus 10.30 16.6 16.6 0.0 0.0 0.0 0.0 0.0 0.0 4.6 106.09
4 4 Melicytus ramiflorus 4.80 100.5 10.2 11.3 15.9 39.6 13.9 9.6 0.0 3.6 3.8 4.5 7.1 4.2 3.5 23.04
5 1 Melicytus ramiflorus 6.80 42.4 19.6 12.6 10.2 0.0 0.0 0.0 0.0 5.0 4.0 3.6 46.24
5 2 Melicytus ramiflorus 1.20 40.8 28.3 12.6 0.0 0.0 0.0 0.0 0.0 6.0 4.0 1.44
5 3 Melicytus ramiflorus 2.30 33.6 25.5 8.0 0.0 0.0 0.0 0.0 0.0 5.7 3.2 5.29
5 4 Carpodetus serratus 2.10 59.1 28.3 11.9 18.9 0.0 0.0 0.0 0.0 6.0 3.9 4.9 4.41
6 1 Melicytus ramiflorus 6.95 7.1 7.1 0.0 0.0 0.0 0.0 0.0 0.0 3.0 48.30
6 2 Melicytus ramiflorus 4.50 6.2 6.2 0.0 0.0 0.0 0.0 0.0 0.0 2.8 20.25
6 3 Corynocarpus laevigatus 2.90 18.1 18.1 0.0 0.0 0.0 0.0 0.0 0.0 4.8 8.41
6 4 Melicytus ramiflorus 3.80 6.6 6.6 0.0 0.0 0.0 0.0 0.0 0.0 2.9 14.44
7 1 Melicytus ramiflorus 2.50 190.1 73.9 32.2 31.2 19.6 33.2 0.0 0.0 9.7 6.4 6.3 5.0 6.5 6.25
7 2 Melicytus ramiflorus 4.00 50.9 21.2 11.9 10.2 7.5 0.0 0.0 0.0 5.2 3.9 3.6 3.1 16.00
7 3 Melicytus ramiflorus 2.37 12.6 12.6 0.0 0.0 0.0 0.0 0.0 0.0 4.0 5.62
7 4 Melicytus ramiflorus 2.70 33.0 18.9 7.1 7.1 0.0 0.0 0.0 0.0 4.9 3.0 3.0 7.29
8 1 Melicytus ramiflorus 1.05 7.1 7.1 0.0 0.0 0.0 0.0 0.0 0.0 3.0 1.10
8 2 Melicytus ramiflorus 5.00 7.1 7.1 0.0 0.0 0.0 0.0 0.0 0.0 3.0 25.00
8 3 Melicytus ramiflorus 2.30 67.7 29.2 38.5 0.0 0.0 0.0 0.0 0.0 6.1 7.0 5.29
8 4 Melicytus ramiflorus 1.10 7.1 7.1 0.0 0.0 0.0 0.0 0.0 0.0 3.0 1.21
9 1 Melicytus ramiflorus 1.70 15.9 15.9 0.0 0.0 0.0 0.0 0.0 0.0 4.5 2.89
9 2 Geniostoma rupestre 1.30 6.2 6.2 0.0 0.0 0.0 0.0 0.0 0.0 2.8 1.69
9 3 Melicytus ramiflorus 5.10 66.8 38.5 28.3 0.0 0.0 0.0 0.0 0.0 7.0 6.0 26.01
9 4 Melicytus ramiflorus 3.30 142.6 66.5 66.5 9.6 0.0 0.0 0.0 0.0 9.2 9.2 3.5 10.89

10 1 Geniostoma rupestre 5.50 4.9 4.9 0.0 0.0 0.0 0.0 0.0 0.0 2.5 30.25
10 2 Geniostoma rupestre 5.55 8.6 8.6 0.0 0.0 0.0 0.0 0.0 0.0 3.3 30.80
10 3 Geniostoma rupestre 3.05 63.6 63.6 0.0 0.0 0.0 0.0 0.0 0.0 9.0 9.30
10 4 Geniostoma rupestre 3.30 25.5 9.6 15.9 0.0 0.0 0.0 0.0 0.0 3.5 4.5 10.89

Sum 224.07 1628.7 Sum 1870.08
Mean 5.60 40.7 4n=40
Std Dev 3.97 40.7
Std Error (SE) 0.63 6.4
95% Confidence Interval        
(-/+ 1.96 SE) 4.37, 6.83 28.1, 53.3

10810.11562

265.4965928

0.01930165 Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))
0.036126414 Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

193.0165008

Unbiased Absolute Density (No CF required, no empty quads)

BA/ha (Unbiased Absolute Density x Mean Basal Area) 

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Unbiased Absolute Density (Stems/ha) = 265.50

361.2641398 Final Upper endpoint (x10000 x CF)Final Lower endpoint (x10000 x CF)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 

Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 10810.1
Key: BA = Basal Area, Diam = Diameter, Quad = Quadrant

Tiffany, >2.5 - <10cm dbh trees

Notes: Sampled 20 November 2006, 20m between points
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2)
BA 1 
(cm2)

BA 2 
(cm2)

BA 3 
(cm2)

BA 4 
(cm2)

BA 5 
(cm2)

BA 6 
(cm2)

Diam 
1 (cm)

Diam 
2 (cm)

Diam 
3 (cm)

Diam 4 
(cm)

Diam 
5 (cm)

Diam 6 
(cm) Distance2

1 1 Dicksonia squarrosa 8.00 465.5 251.7 213.9 0.0 0.0 0.0 0.0 17.9 16.5 64.00
1 2 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.00
1 3 Cordyline australis 2.10 188.7 188.7 0.0 0.0 0.0 0.0 0.0 15.5 4.41
1 4 Salix fragilis 6.00 2566.8 479.2 41.9 1006.7 415.5 243.3 380.2 24.7 7.3 35.8 23.0 17.6 22.0 36.00
2 1 Cordyline australis 3.10 143.8 80.1 63.6 0.0 0.0 0.0 0.0 10.1 9.0 9.61
2 2 Podocarpus totara 5.20 105.7 105.7 0.0 0.0 0.0 0.0 0.0 11.6 27.04
2 3 Kunzea ericoides 4.30 127.5 83.3 44.2 0.0 0.0 0.0 0.0 10.3 7.5 18.49
2 4 Cyathea medullaris 12.20 208.7 208.7 0.0 0.0 0.0 0.0 0.0 16.3 148.84
3 1 Salix fragilis 10.70 2739.7 824.6 346.4 346.4 522.9 346.4 353.0 32.4 21.0 21.0 25.8 21.0 21.2 114.49
3 2 Kunzea ericoides 5.30 172.6 118.8 25.5 28.3 0.0 0.0 0.0 12.3 5.7 6.0 28.09
3 3 Cordyline australis 16.00 86.6 86.6 0.0 0.0 0.0 0.0 0.0 10.5 256.00
3 4 Salix fragilis 8.00 829.7 707.0 122.7 0.0 0.0 0.0 0.0 30.0 12.5 64.00
4 1 Cordyline australis 16.00 224.7 103.9 120.8 0.0 0.0 0.0 0.0 11.5 12.4 256.00
4 2 Kunzea ericoides 6.50 107.5 107.5 0.0 0.0 0.0 0.0 0.0 11.7 42.25
4 3 Cordyline australis 13.80 143.2 143.2 0.0 0.0 0.0 0.0 0.0 13.5 190.44
4 4 Nil 0.0 0.0 0.0 0.0 0.0 0.0 0.00
5 1 Cordyline australis 16.50 132.7 132.7 0.0 0.0 0.0 0.0 0.0 13.0 272.25
5 2 Pittosporum eugenioides 3.60 292.1 172.1 36.3 28.3 55.4 0.0 0.0 14.8 6.8 6.0 8.4 12.96
5 3 Dodonaea viscosa 6.25 164.5 85.0 63.6 15.9 0.0 0.0 0.0 10.4 9.0 4.5 39.06
5 4 Cordyline australis 5.20 172.1 172.1 0.0 0.0 0.0 0.0 0.0 14.8 27.04
6 1 Cordyline australis 2.35 91.6 91.6 0.0 0.0 0.0 0.0 0.0 10.8 5.52
6 2 Vitex lucens 12.15 143.2 143.2 0.0 0.0 0.0 0.0 0.0 13.5 147.62
6 3 Cordyline australis 4.65 134.8 134.8 0.0 0.0 0.0 0.0 0.0 13.1 21.62
6 4 Cordyline australis 5.25 118.8 118.8 0.0 0.0 0.0 0.0 0.0 12.3 27.56
7 1 Cordyline australis 2.10 213.9 213.9 0.0 0.0 0.0 0.0 0.0 16.5 4.41
7 2 Kunzea ericoides 7.00 120.0 86.6 23.8 9.6 0.0 0.0 0.0 10.5 5.5 3.5 49.00
7 3 Kunzea ericoides 6.60 81.7 81.7 0.0 0.0 0.0 0.0 0.0 10.2 43.56
7 4 Cordyline australis 4.20 113.1 113.1 0.0 0.0 0.0 0.0 0.0 12.0 17.64
8 1 Cordyline australis 4.20 86.6 86.6 0.0 0.0 0.0 0.0 0.0 10.5 17.64
8 2 Pittosporum colensoi 12.30 191.5 86.6 39.6 41.9 10.2 7.1 6.2 10.5 7.1 7.3 3.6 3.0 2.8 151.29
8 3 Podocarpus totara 1.70 93.3 93.3 0.0 0.0 0.0 0.0 0.0 10.9 2.89
8 4 Populus sp. 5.90 160.4 96.8 63.6 0.0 0.0 0.0 0.0 11.1 9.0 34.81
9 1 Podocarpus totara 8.70 89.9 89.9 0.0 0.0 0.0 0.0 0.0 10.7 75.69
9 2 Quercus sp. 12.00 131.7 98.5 33.2 0.0 0.0 0.0 0.0 11.2 6.5 144.00
9 3 Podocarpus totara 10.20 118.8 118.8 0.0 0.0 0.0 0.0 0.0 12.3 104.04
9 4 Cordyline australis 5.30 109.4 109.4 0.0 0.0 0.0 0.0 0.0 11.8 28.09

10 1 Populus sp. 5.40 353.0 353.0 0.0 0.0 0.0 0.0 0.0 21.2 29.16
10 2 Quercus sp. 9.90 156.2 156.2 0.0 0.0 0.0 0.0 0.0 14.1 98.01
10 3 Podocarpus totara 7.50 86.6 86.6 0.0 0.0 0.0 0.0 0.0 10.5 56.25
10 4 Cordyline australis 6.25 167.4 167.4 0.0 0.0 0.0 0.0 0.0 14.6 39.06

Sum 282.40 11634.1 Sum 2708.85
Mean (/38) 7.43 306.2 4n=38
Std Dev 4.06 576.6
Std Error (SE) 0.66 93.5
95% Confidence Interval        
(-/+ 1.96 SE) 6.14, 8.72

122.8, 
489.5

points.
46512.83389

173.8887074
151.9230859

0.012533127
0.023852287

109.4994198

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Unbiased Absolute Density

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Final Lower endpoint (x10000 x CF) 208.3926572 Final Upper endpoint (x10000 x CF)

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)

Unbiased Absolute Density w Conversion Factor, (2/40) Vacant = 0.05, CF = 0.87368 (From Warde and Petranka, 1981)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 
Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 46512.8

Whitford, >10cm dbh trees

Unbiased Absolute Density (Stems/ha) = 151.92

Key: BA= Basal Area, Diam= Diameter, Quad= Quadrant Notes: Measured 10 and 14 April 2008, 25 m between 1st 5 points up to cattle race, 20m between last 5    
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Point Quad Species
Distance 

(m)
BA Sum 

(cm2)
BA 1 
(cm2)

BA 2 
(cm2)

BA 3 
(cm2)

BA 4 
(cm2)

BA 5 
(cm2)

BA 6 
(cm2)

BA 7 
(cm2)

BA 8 
(cm2)

BA 9 
(cm2)

BA 10 
(cm2)

BA 11 
(cm2)

BA 12 
(cm2)

Diam 
1 (cm)

Diam 
2 (cm)

Diam 
3 (cm)

Diam 
4 (cm)

Diam 
5 (cm)

Diam 
6 (cm)

Diam 
7 (cm)

Diam 
8 (cm)

Diam 
9 (cm)

Diam 
10 (cm)

Diam 
11 (cm)

Diam 
12 

(cm) Distance2

1 1 Solanum mauritianum 14.10 51.5 51.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.1 198.81
1 2 Leptospermum scoparium 1.70 134.9 23.8 22.1 47.8 34.2 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.5 5.3 7.8 6.6 3.0 2.89
1 3 Coprosma robusta 2.50 45.6 28.3 17.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 4.7 6.25
1 4 Leptospermum scoparium 3.35 103.6 25.5 38.5 39.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.7 7.0 7.1 11.22
2 1 Leptospermum scoparium 1.20 106.9 31.2 13.2 55.4 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.3 4.1 8.4 3.0 1.44
2 2 Coprosma robusta 4.70 19.6 19.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 22.09
2 3 Leptospermum scoparium 1.60 55.4 14.5 15.9 18.9 6.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.3 4.5 4.9 2.8 2.56
2 4 Leptospermum scoparium 1.10 20.9 13.9 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 3.0 1.21
3 1 Coprosma robusta 2.30 31.8 8.0 9.6 7.5 6.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 3.5 3.1 2.9 5.29
3 2 Dodonaea viscosa 1.30 70.5 60.8 9.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.8 3.5 1.69
3 3 Coprosma robusta 2.10 23.0 15.9 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5 3.0 4.41
3 4 Coprosma robusta 2.70 32.3 9.6 10.8 11.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.5 3.7 3.9 7.29
4 1 Coprosma robusta 3.60 13.7 7.5 6.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 2.8 12.96
4 2 Coprosma robusta 2.20 35.2 6.2 5.7 5.7 5.7 6.2 5.7 0.0 0.0 0.0 0.0 0.0 0.0 2.8 2.7 2.7 2.7 2.8 2.7 4.84
4 3 Pittosporum colensoi 1.70 46.4 10.2 7.1 6.6 9.1 8.6 4.9 0.0 0.0 0.0 0.0 0.0 0.0 3.6 3.0 2.9 3.4 3.3 2.5 2.89
4 4 Pittosporum colensoi 1.00 52.9 7.1 5.7 6.2 6.6 15.9 6.2 5.3 0.0 0.0 0.0 0.0 0.0 3.0 2.7 2.8 2.9 4.5 2.8 2.6 1.00
5 1 Pittosporum eugenioides 1.90 154.2 51.5 33.2 16.6 31.2 7.1 7.1 7.5 0.0 0.0 0.0 0.0 0.0 8.1 6.5 4.6 6.3 3.0 3.0 3.1 3.61
5 2 Pittosporum colensoi 1.20 46.0 14.5 13.2 10.2 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.3 4.1 3.6 3.2 1.44
5 3 Solanum mauritianum 2.20 4.9 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 4.84
5 4 Pittosporum colensoi 3.50 169.3 31.2 40.7 26.4 26.4 10.8 12.6 21.2 0.0 0.0 0.0 0.0 0.0 6.3 7.2 5.8 5.8 3.7 4.0 5.2 12.25
6 1 Leptospermum scoparium 1.35 86.2 11.9 31.2 31.2 11.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.9 6.3 6.3 3.9 1.82
6 2 Kunzea ericoides 2.40 8.6 8.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.3 5.76
6 3 Coprosma robusta 1.70 60.5 14.5 7.1 7.1 8.6 8.6 6.2 8.6 0.0 0.0 0.0 0.0 0.0 4.3 3.0 3.0 3.3 3.3 2.8 3.3 2.89
6 4 Pittosporum eugenioides 2.60 144.1 25.5 8.6 11.9 11.3 19.6 11.3 13.9 18.1 7.1 5.7 5.7 5.3 5.7 3.3 3.9 3.8 5.0 3.8 4.2 4.8 3.0 2.7 2.7 2.6 6.76
7 1 Leptospermum scoparium 1.20 55.4 12.6 4.9 6.2 9.1 11.3 11.3 0.0 0.0 0.0 0.0 0.0 0.0 4.0 2.5 2.8 3.4 3.8 3.8 1.44
7 2 Pittosporum eugenioides 1.65 101.7 60.8 28.3 12.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.8 6.0 4.0 2.72
7 3 Myrsine australis 3.20 14.3 8.6 5.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.3 2.7 10.24
7 4 Coprosma lucida 0.90 46.9 8.6 8.0 7.1 15.2 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.3 3.2 3.0 4.4 3.2 0.81
8 1 Cordyline australis 2.70 59.5 59.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.7 7.29
8 2 Leptospermum scoparium 1.20 36.5 15.9 12.6 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5 4.0 3.2 1.44
8 3 Leptospermum scoparium 3.90 76.5 15.9 13.9 15.2 9.6 8.0 13.9 0.0 0.0 0.0 0.0 0.0 0.0 4.5 4.2 4.4 3.5 3.2 4.2 15.21
8 4 Myrsine australis 1.90 11.9 6.6 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 2.6 3.61
9 1 Myrsine australis 2.90 4.9 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 8.41
9 2 Coprosma robusta 2.10 17.9 8.0 4.9 4.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 2.5 2.5 4.41
9 3 Leptospermum scoparium 4.20 66.5 24.6 19.6 7.1 15.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 5.0 3.0 4.4 17.64
9 4 Leptospermum scoparium 2.50 125.2 7.1 19.6 8.6 33.2 19.6 13.2 11.9 11.9 0.0 0.0 0.0 0.0 3.0 5.0 3.3 6.5 5.0 4.1 3.9 3.9 6.25

10 1 Myrsine australis 2.40 8.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 5.76
10 2 Dodonaea viscosa 1.40 76.4 49.0 27.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.9 5.9 1.96
10 3 Leptospermum scoparium 3.70 73.6 18.1 26.4 11.9 9.6 7.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.8 5.8 3.9 3.5 3.1 13.69
10 4 Pittosporum colensoi 2.30 100.3 8.0 6.2 24.6 8.6 6.2 25.5 21.2 0.0 0.0 0.0 0.0 0.0 3.2 2.8 5.6 3.3 2.8 5.7 5.2 5.29

Sum 102.15 2393.7 Sum 432.39
Mean (/40) 2.55 59.8 4n=40
Std Dev 2.10 43.8
Std Error (SE) 0.33 6.9
95% Confidence Interval        
(-/+ 1.96 SE) 1.90, 3.20 46.3, 73.4

68715.81047

1148.273355

0.08347968
0.156246821

834.7967956

Whitford, >2.5 - <10cm dbh trees

Key: BA= Basal Area, Diam= Diameter, Quad= Quadrant

Unbiased Absolute Density (Stems/ha) = 1148.27
Basal Area/ha (cm2/ha) = Unbiased Absolute Density x Mean Basal Area = 68715.8

Notes: Measured 10 and 14 April 2008, 25 m between 1st 5 points up to cattle race, 20m between last 5 points.     

Lower endpoint = ((Za/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

Final Lower endpoint (x10000 x CF) 1562.468209 Final Upper endpoint (x10000 x CF)

Upper endpoint = ((Z1-a/2) + (SQRT((16*n)-1)))2 / (3.142*(Sum of Distances2))

BA/ha (Unbiased Absolute Density x Mean Basal Area)

Unbiased Density = 10000 x (4(4n-1)) / 3.142*(Sum of Distances2) (From Mitchell, 2007)
Unbiased Absolute Density (No CF required, no vacant quads)

95% Confidence Interval, Z1-a/2 = Z0.975 = 1.96, Za/2 = Z0.025 = -1.96 (From Mitchell, 2007) 
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Appendix D.4: Dominant weeds recorded in riparian corridors of sub-catchments during 
Point Centered Quarter Survey of Vegetation 
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Appendix D.5: Relative density, basal area sum per species, relative dominance, relative frequency, importance value and percentage 
importance by individual species within each sub-catchment riparian corridor 
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Species
No. 

Individuals
Relative 
Density

Basal Area 
Sum per 

species (cm2)
Relative 

Dominance
Absolute 

Frequency
Relative 

Frequency
Importance 

value % Importance
> 10 cm dbh trees 
Rhopalostylis sapida 21 52.50 4096.4 19.1 2.10 52.50 124.1 41.4
Beilschmiedia tarairi 8 20.00 7198.1 33.5 0.80 20.00 73.5 24.5
Dacrydium cupressinum 2 5.00 4684.6 21.8 0.20 5.00 31.8 10.6
Dacrycarpus dacrydioides 2 5.00 1934.3 9.0 0.20 5.00 19.0 6.3
Corynocarpus laevigatus 2 5.00 1486.0 6.9 0.20 5.00 16.9 5.6
Knightia excelsa 2 5.00 1269.7 5.9 0.20 5.00 15.9 5.3
Nestegis lanceolata 1 2.50 408.3 1.9 0.10 2.50 6.9 2.3
Myrsine australis 1 2.50 246.1 1.1 0.10 2.50 6.1 2.0
Cyathea dealbata 1 2.50 176.7 0.8 0.10 2.50 5.8 1.9
Sum 40 21500.3 4.00
Nils 0

>2.5 - <10 cm dbh trees
Geniostoma rupestre 11 34.38 178.8 22.6 1.10 34.38 91.3 30.4
Corynocarpus laevigatus 9 28.13 161.9 20.4 0.90 28.13 76.7 25.6
Cyathea dealbata 2 6.25 113.9 14.4 0.20 6.25 26.9 9.0
Vitex lucens 3 9.38 54.0 6.8 0.30 9.38 25.6 8.5
Melicytus ramiflorus 2 6.25 92.6 11.7 0.20 6.25 24.2 8.1
Hedycarya arborea 2 6.25 43.2 5.5 0.20 6.25 18.0 6.0
Rhopalostylis sapida 1 3.13 77.0 9.7 0.10 3.13 16.0 5.3
Myrsine australis 1 3.13 37.4 4.7 0.10 3.13 11.0 3.7
Melicytus micranthus 1 3.13 33.2 4.2 0.10 3.13 10.4 3.5
Sum 32 791.9 3.20
Nils 8

 Jeffs Upper Norwood  - Density, Dominance, Frequency and Importance 
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Species
No. 

Individuals
Relative 
Density

Basal Area 
Sum per 

species (cm2)
Relative 

Dominance
Absolute 

Frequency
Relative 

Frequency
Importance 

value % Importance
>10cm dbh trees
Sorbus aucuparia 4 36.36 378.3 28.2 0.40 36.36 101.0 33.7
Metrosideros excelsa 2 18.18 262.3 19.6 0.20 18.18 55.9 18.6
Cordyline australis 1 9.09 238.2 17.8 0.10 9.09 36.0 12.0
Platanus x hispanica 1 9.09 158.4 11.8 0.10 9.09 30.0 10.0
Liriodendron tulipifera 1 9.09 105.7 7.9 0.10 9.09 26.1 8.7
Prunus sp. 1 9.09 103.9 7.8 0.10 9.09 25.9 8.6
Populus sp. 1 9.09 93.3 7.0 0.10 9.09 25.1 8.4
Sum 11 1340.0 1.10
Nils 29

>2.5 - <10cm dbh trees
Sorbus aucuparia 8 42.11 290.5 45.7 0.80 42.11 129.9 43.3
Metrosideros excelsa 4 21.05 134.8 21.2 0.40 21.05 63.3 21.1
Liriodendron tulipifera 2 10.53 51.4 8.1 0.20 10.53 29.1 9.7
Olea europaea 2 10.53 37.1 5.8 0.20 10.53 26.9 9.0
Prunus sp. 1 5.26 45.4 7.1 0.10 5.26 17.7 5.9
Populus sp. 1 5.26 38.5 6.1 0.10 5.26 16.6 5.5
Leptospermum sp. 1 5.26 38.5 6.1 0.10 5.26 16.6 5.5
Sum 19 636.1 1.90
Nils 21

Point View - Density, Dominance, Frequency and Importance
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Species
No. 

Individuals
Relative 
Density

Basal Area 
Sum per 

species (cm2)
Relative 

Dominance
Absolute 

Frequency
Relative 

Frequency
Importance 

value
% 

Importance
>10cm dbh trees
Melicytus ramiflorus 11 64.71 5472.9 74.5 1.10 64.71 203.9 68.0
Cyathea medullaris 3 17.65 1589.5 21.6 0.30 17.65 56.9 19.0
Cordyline australis 1 5.88 103.9 1.4 0.10 5.88 13.2 4.4
Myrsine australis 1 5.88 95.0 1.3 0.10 5.88 13.1 4.4
Solanum mauritianum 1 5.88 83.3 1.1 0.10 5.88 12.9 4.3
Sum 17 7344.6 1.70
Nils 23

>2.5 - <10cm dbh trees
Melicytus ramiflorus 7 29.17 231.5 42.1 0.70 29.17 100.4 33.5
Macropiper excelsum 3 12.50 82.6 15.0 0.30 12.50 40.0 13.3
Griselinia lucida 2 8.33 52.6 9.6 0.20 8.33 26.2 8.7
Geniostoma rupestre 2 8.33 46.2 8.4 0.20 8.33 25.1 8.4
Ulex europaeus 2 8.33 25.5 4.6 0.20 8.33 21.3 7.1
Prunus sp. 2 8.33 25.1 4.6 0.20 8.33 21.2 7.1
Pittosporum eugenioides 1 4.17 25.5 4.6 0.10 4.17 13.0 4.3
Myrsine australis 1 4.17 15.9 2.9 0.10 4.17 11.2 3.7
Metrosideros excelsa 1 4.17 14.1 2.6 0.10 4.17 10.9 3.6
Hedycarya arborea 1 4.17 12.6 2.3 0.10 4.17 10.6 3.5
Pseudopanax arboreus 1 4.17 9.6 1.7 0.10 4.17 10.1 3.4
Dodonaea viscosa 1 4.17 9.1 1.6 0.10 4.17 10.0 3.3
Sum 24 550.5 2.40
Nils 16

Redoubt  - Density, Dominance, Frequency and Importance
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Species
No. 

Individuals
Relative 
Density

Basal Area 
Sum per 

species (cm2)
Relative 

Dominance
Absolute 

Frequency
Relative 

Frequency
Importance 

value
% 

Importance
>10 cm dbh trees
Salix fragilis 25 67.57 27782.5 67.6 2.50 67.57 202.8 67.6
Populus sp. 11 29.73 13127.6 32.0 1.10 29.73 91.4 30.5
Cyathea dealbata 1 2.70 167.4 0.4 0.10 2.70 5.8 1.9
Sum 37 41077.5 3.70
Nils 3

>2.5 - <10cm dbh trees
Populus sp. 3 75.00 89.5 49.4 0.30 75.00 199.4 66.5
Crataegus sp. 1 25.00 91.6 50.6 0.10 25.00 100.6 33.5
Sum 4 181.1 0.40
Nils 36

Regis Park - Density, Dominance, Frequency and Importance
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Species
No. 

Individuals
Relative 
Density

Basal Area 
Sum per 

species (cm2)
Relative 

Dominance
Absolute 

Frequency
Relative 

Frequency
Importance 

value
% 

Importance
 >10cm dbh trees
Melicytus ramiflorus 15 39.47 3446.2 26.9 1.50 39.47 105.9 35.3
Dacrycarpus dacrydioides 8 21.05 4942.9 38.6 0.80 21.05 80.7 26.9
Cyathea medullaris 5 13.16 2641.1 20.6 0.50 13.16 46.9 15.6
Cyathea dealbata 5 13.16 1103.4 8.6 0.50 13.16 34.9 11.6
Dicksonia squarrosa 3 7.89 291.5 2.3 0.30 7.89 18.1 6.0
Rhopalostylis sapida 1 2.63 232.4 1.8 0.10 2.63 7.1 2.4
Cordyline australis 1 2.63 145.3 1.1 0.10 2.63 6.4 2.1
Sum 38 12802.8 3.80
Nils 1

>2.5 - <10cm dbh trees
Melicytus ramiflorus 26 65.00 1208.2 74.2 2.60 65.00 204.2 68.1
Geniostoma rupestre 5 12.50 108.8 6.7 0.50 12.50 31.7 10.6
Ulex europaeus 4 10.00 117.0 7.2 0.40 10.00 27.2 9.1
Aristotelia serrata 1 2.50 59.5 3.7 0.10 2.50 8.7 2.9
Carpodetus serratus 1 2.50 59.1 3.6 0.10 2.50 8.6 2.9
Cordyline australis 1 2.50 38.5 2.4 0.10 2.50 7.4 2.5
Dacrycarpus dacrydioides 1 2.50 19.6 1.2 0.10 2.50 6.2 2.1
Corynocarpus laevigatus 1 2.50 18.1 1.1 0.10 2.50 6.1 2.0
Sum 40 1628.7 4.00
Nils 0

 Tiffany  - Density, Dominance, Frequency and Importance
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Species
No. 

Individuals
Relative 
Density

Basal Area 
Sum per 

species (cm2)
Relative 

Dominance
Absolute 

Frequency
Relative 

Frequency
Importance 

value % Importance
>10cm dbh trees
Cordyline australis 15 39.47 2127.3 18.3 1.50 39.47 97.2 32.4
Salix fragilis 3 7.89 6136.2 52.7 0.30 7.89 68.5 22.8
Kunzea ericoides 5 13.16 609.4 5.2 0.50 13.16 31.6 10.5
Podocarpus totara 5 13.16 494.4 4.2 0.50 13.16 30.6 10.2
Populus sp. 2 5.26 513.4 4.4 0.20 5.26 14.9 5.0
Quercus sp. 2 5.26 287.9 2.5 0.20 5.26 13.0 4.3
Dicksonia squarrosa 1 2.63 465.5 4.0 0.10 2.63 9.3 3.1
Pittosporum eugenioides 1 2.63 292.1 2.5 0.10 2.63 7.8 2.6
Cyathea medullaris 1 2.63 208.7 1.8 0.10 2.63 7.1 2.4
Pittosporum colensoi 1 2.63 191.5 1.6 0.10 2.63 6.9 2.3
Dodonaea viscosa 1 2.63 164.5 1.4 0.10 2.63 6.7 2.2
Vitex lucens 1 2.63 143.2 1.2 0.10 2.63 6.5 2.2
Sum 38 11634.1 3.80
Nils 2

>2.5 - <10cm dbh trees
Leptospermum scoparium 12 30.00 941.8 39.3 1.20 30.00 99.3 33.1
Coprosma robusta 9 22.50 279.7 11.7 0.90 22.50 56.7 18.9
Pittosporum colensoi 5 12.50 414.9 17.3 0.50 12.50 42.3 14.1
Pittosporum eugenioides 3 7.50 400.0 16.7 0.30 7.50 31.7 10.6
Myrsine australis 4 10.00 39.1 1.6 0.40 10.00 21.6 7.2
Dodonaea viscosa 2 5.00 146.8 6.1 0.20 5.00 16.1 5.4
Solanum mauritianum 2 5.00 56.4 2.4 0.20 5.00 12.4 4.1
Cordyline australis 1 2.50 59.5 2.5 0.10 2.50 7.5 2.5
Coprosma lucida 1 2.50 46.9 2.0 0.10 2.50 7.0 2.3
Kunzea ericoides 1 2.50 8.6 0.4 0.10 2.50 5.4 1.8
Sum 40 2393.7 4.00
Nils 0

Whitford - Density, Dominance, Frequency and Importance
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APPENDIX E: STREAM ECOSYSTEM 
Appendix E.1a: Habitat and water quality conditions recorded at the time of macroinvertebrate 
sampling in Flat Bush and Point View urban sub-catchments 
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Appendix E.1b: Habitat and water quality conditions recorded at the time of macroinvertebrate 
sampling in Flat Bush countryside living sub-catchments 
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             Appendix E.2: Auckland Regional Council Habitat Quality Index Criteria (ARC, 2008b) 
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Appendix E.3: Auckland Regional Council Habitat Quality Assessments for Flat Bush sub-

catchments, as calculated using criteria shown in Appendix E.2 

Habitat parameter 1 2 3 4 5 6 7 Total 

Jeffs Sullivans 18 17 17 19 10-10 18 8-8 125 

Jeffs Upper Norwood 17 16 10 19 10-10 20 9-9 120 

Jeffs Lower Norwood 15 15 15 19 10-10 14 7-7 112 

Point view 1 1 1 1 10-10 19 0-0 43 

Whitford 16 15 12 16 9-10 10 6-6 100 

Regis 2 – South East 14 10 10 17 10-10 10 5-5 91 

Regis 3 - South 14 10 10 17 10-10 11 5-5 92 

Regis 4 - West 14 10 10 17 10-10 13 5-5 94 

Regis 5 - North 14 10 10 17 10-10 14 5-5 95 

Redoubt 9 12 11 17 7-7 14 2-2 81 

Tiffany 18 19 18 19 10-10 18 9-9 130 
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Appendix E.4: Summary of indices for benthic macroinvertebrates recorded in samples 
collected during this research.  
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Appendix E.5: Plots of stream ecological indices by season for sub-catchments  

 

 

 

Appendix E.6 Relationships between biotic indices and the contamination of stream water as 
indicated by conductivity  
Testing of relationships between 

conductivity and biotic indices for Flat 

Bush headwater sub-catchment and 

adjacent control streams. Note that 

Jeffs Upper Norwood and Jeffs 

Sullivans, both LIUDD treatment sub-

catchments are outliers in the 

relationship between conductivity 

(s/cm) and quantitative 

macroinvertebrate index. This indicates 

that these sites have a higher than usual 

stream ecological health relative to the 

average in relation to the level of ions 

(or solutes) present in the stream water.  
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