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Abstract 
 

The aim of this thesis is to develop a design process that responds to the environmental challenges present in 

many waterfront developments. 

This thesis investigates the ramifications of these environmental problems on the current waterfront design 

model. How these can be understood and whether remediatory measures for the problems can be 

accommodated are investigated. Can the contemporary waterfront design model remain, or will this model have 
to change?  

The thesis uses the insights and techniques of Low Impact Urban Design and Development (LIUDD) to provide a 

structure for understanding the environmental problems by placing the waterfront within a larger hydrological and 

ecological catchment. In this way, environmental issues such as pluvial flooding, stormwater contamination of 

coastal edges, sea-level rise and lack of biodiversity can be linked within a larger landscape structure. LIUDD 

also gives specific goals such as reducing contaminants, reducing impervious surfaces, restoring biodiversity, 

and clustering urban form, that help coordinate the different remediation strategies.  

The findings of the research investigation revealed that a design process could be developed to identify the 
critical environmental problems. The design process can be precise, identifying a particular environmental issue, 

and accurately mapping the consequences. The design process can also give a range of remediation options. A 

closer study was also made of how the costs of the environmental remediation programme might be born 

through a new kind of development contribution.  The openness of the process ensures transparency and 

legibility, offering the typical waterfront development stakeholders different design options for future 

development.  

The conclusion of the thesis is that a waterfront development can address the underlying environmental 

problems and still be commercially viable. However, the present waterfront design model, a dense, highly 
impervious gridded block pattern, will have to change. In its place a different kind of waterfront development is 

posited, one that uses LIUDD to both understand and measure environmental problems and to develop 

speculative strategies to make the waterfront resilient to the effects of climate change.  
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Preface 
 
In the process of writing this thesis I was able to test ideas by publishing and presenting some of the chapters as 

conference papers and an invited book chapter. 

  

I began the thesis by writing about the history of waterfront development in Europe and America and how this 

model has become codified into a generic real estate process in Chapter Two. In Chapter Three I began to lay 

out a critique of the model from an environmental perspective. I started to consider how environmental 
remediation techniques especially stormwater remediation might help in a reconsideration of the conventional 

waterfront masterplan.  

These early chapters led to the writing of an invited book chapter entitled, The Sustainable Waterfront, in Green 

Ecological Technologies for Urban Planning. The book was edited by D. O. Y. Ercoskun in the Creating Smart 

Cities series published by IGI Global in 2012.  

  

In Chapter Four I started to hone in on one particular analytical model, Low Impact Urban Design and 

Development, and in Chapter Six, I began to explore how LIUDD techniques, especially the concept of 
hydrological neutrality, might help to address the problem of the discharge of contaminated stormwater on a 

specific urban waterfront, the Wynyard Quarter in Auckland, NZ. I presented these two early chapters as a 

paper, Pluvial Urbanism, to the 7th International Conference on Water Sensitive Urban Design in 2012 in 

Melbourne, Australia. 

 

The opportunity to take part in a competition to design a waterfront development for Furong New Town, PR 

China, was an opportunity to test this early thinking about how stormwater remediation might affect urban design 

on a real site. This design became the basis for the case study exploration in Chapter Seven. An early version of 
Chapter Seven and the study of Wynyard Quarter in Chapter Six became a paper, Waterfront Ecology: Two 

waterfront design case studies in Auckland N.Z. and Furong New Town, P.R. China. This paper was presented 

to the Changing Cities: Spatial, morphological, formal & socio-economic dimensions conference in 2013. 

 

I developed the Wynyard Quarter case study in Chapter Six, especially in section 6.10.1.1 by looking at specific 

LIUDD techniques to address the problem of stormwater contamination from the Freemans Bay catchment. I 

investigated ways in which this problem could be remediated with treatment wetlands, green roofs, and more 
pervious surfaces. I also started to explore the impact of fluvial flooding on the Wynyard Quarter as a result of 

climate change. These nascent ideas were developed as a paper, The Tempered Edge: Waterfront development 

in an age of climate change. This was presented at the Sustainable Futures in a Changing Climate Conference, 

in Helsinki, Finland, in 2014. 

 

Thinking through the implication of the new waterfront urban plan I became interested in how to finance the new 

waterfront remediation landscape. This led to a more in-depth investigation at Wynyard Point in Chapter Six, 

section 6.10.4. This research formed the basis of the paper, The Chrematistic Waterfront: Paying for the 

environmentally sustainable waterfront, presented at Cumulus Mumbai 2015: In a planet of our own - a vision of 

sustainability with focus on water.  
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Chapter One  
 
1.1 Introduction  

This thesis investigates whether the design of a waterfront development can adapt to the serious environmental 

problems of stormwater contamination, pluvial and fluvial flooding, and loss of biodiversity. This thesis uses the 

theory and practices of Low Impact Urban Design and Development (LIUDD) to establish a framework to 

understand what the environmental effects of these conditions are on the urban waterfront and to develop and 

test a remediation regime that will ameliorate these effects and still achieve the necessary financial return.  

This chapter starts by outlining the central issue around the contemporary urban waterfront development, the 
contradiction between a highly successful real estate model and the underlying environmental problems that are 

being exacerbated by climate change.  

The theory and practice of LIUDD is put forward as an approach to understand how these important 

environmental problems can be connected to the urban waterfront by locating it within an urban catchment. The 

problem definition leads to the research question.  

The second section looks at the approach and methods to answer the research question. The LIUDD approach 

is explored in more depth, as is the chosen methodology, research by design. The use of a case study to 

address the research question is discussed before the introduction of the chosen site, the Wynyard Quarter 
(WQ), Auckland, New Zealand. The third section lays out the aim, the objective, the research gap and the thesis 

structure.  

 

1.2 Problem Definition:  

1.2.1 Waterfront Development  

The urban waterfront is an internationally successful urban development model (Desfor, 2010). The accepted 

design model for a waterfront project is the Baltimore Inner Harbour development, begun in the early 1970s. In 

2009, the Urban Land Institute described the project as “the model for post-industrial waterfront redevelopment 
around the world” (Greater Baltimore Committee, 2009). The development was presented with the 2009 ULI 

Heritage Awards for Excellence. The master planning of the Baltimore Inner Harbour began with the 

establishment of a littoral promenade, a public space next to the water, with a mix of parks, playgrounds and 

sculpture, accompanied by a building programme of public building, an aquarium, museums and retail space 

(Breen & Rigby, 1996). Behind this public zone is a gridded street plan, an extension of an existing city grid. The 

grid allows for the construction of an easily interchangeable private building programme – residential, retail or 

commercial, according to the zoning and the Gross Floor Area (GFA) requirements. This development model 
has proved to be a commercial success for over 40 years, especially in America, Europe and other parts of the 

world.  The model has proven to be a reliable standard for real estate development with a well-established 

development process, knowable investment and return timelines (Gordon & David, 1997). 

1.2.2 Environmental Issues 

However, the success of this development model has been achieved by concealing and minimising many 

serious environmental issues that are present in almost all waterfronts. A major challenge for many urban 

waterfront developments is the discharge of contaminated stormwater at the waterfront edge. Urban waterfronts 

are the receiving environment for stormwater from highly urbanised catchments, and the consequences of this 
pollution for the immediate marine environment is wide-ranging. The build-up of contaminated and polluted 

sediments is one immediate effect (D.  Boyd, Todd, & Jaagumagi, 2001). The urban waterfront is also vulnerable 
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to three important environmental issues: the threat of pluvial flooding, the challenge of coastal flooding, 

especially from storm surges, and the lack of biodiversity.   

It is with the advent of climate change that these issues will start to become impossible to ignore. Climate 

change is expected to cause extreme weather events such as flooding, severe storms, droughts and heat waves 

(Pachauri, 2014).  The average global rainfall is predicted to grow (however this will not be average across the 

planet).  The atmosphere is warming, increasing the capacity to hold more water, thus causing more rain.  Major 

widespread flooding will be the result. This will have catastrophic results for low-lying countries especially around 
deltas like Bangladesh and the islands of the Pacific, but a number of world cities are also built in low-lying 

coastal areas.  

The increase in air temperature is leading to the melting of the ice caps. This will have the effect of raising sea 

levels. According to the Intergovernmental Panel on Climate Change (IPCC), sea levels are expected to rise by 

1.00m by 2100, however their figures have recently been reconfigured and now sea level is expected to rise by 

2.000mm (Pachauri, 2014). The result will be increased coastal flooding and an increase in littoral damage from 

storm surges.  The increase in storm events will also lead to pluvial flooding.  Cities will be especially vulnerable 
as large amounts of impervious surfaces mean that the flooding will be difficult to absorb (D. Boyd, Bufill, & 

Knee, 1993). The built environment and the physical infrastructure of the city are often obstructive to flooding 

pathways, causing increased damage. Waterfront development, at the downstream end of the catchment, will be 

the recipient of the flood water from the catchment (Houston et al., 2011). There will also be an increase in run-

off from impervious urban surfaces. The run-off will pick up contaminants from dirty urban surfaces: roofs, roads 

and footpaths. The discharge of this untreated water into urbans steams and waterfronts will lead to the pollution 

of the receiving environment (Cromwell, 2009). The increase in CO2 will lead to higher temperatures above 

urban areas, causing an increase in the heat island effect (Rizwan, Leung, & Liu, 2008).  
The National Institute of Water and Atmospheric Research (NIWA) (Dean, 2017) has predicted more extreme 

weather events will occur in NZ. Increased flooding and increased droughts are very likely for different parts of 

the country. The effect of climate change on the development of the urban waterfront will be profound. 

 

Waterfront agencies are aware of these problems and have made a number of attempts at addressing them. 

The problem of storm surges causing waterfront damage was highlighted in the landfall of Hurricane Sandy 

(O'Neill & Van Abs, 2016) on Manhattan.  The response by local government was a national competition 
(Rebuild by Design, 2014) won by BIG with their proposal, the Big U.  In the winning entry, they proposed to 

combine different techniques, soft and hard flood infrastructure, to protect the Manhattan littoral. Provision for 

sea-level rise has been made in a number of new waterfront projects, notably in Hafen City (Bruns-Berentelg, 

2006) with the zoning requiring the raising of all new buildings 7m above Mean High Water Level (MHWL). 

Stormwater treatment or remediation on the waterfront can be accomplished by conventional engineering 

solutions. For example, stormwater can be stored in underground tanks, letting heavier contaminates drop out, 

as in the Toronto waterfront development (West 8, 2015) . Smaller-scale measures such as rain gardens, and 

swales that retard and treat the stormwater, are also features of many new waterfronts (WAA, 2012). The lack of 
biodiversity of the urban waterfront is an issue that hasn’t had the same attention paid to it as the hydrological 

issues; however, with the increase in air temperature, the urban heat island effect will become more pronounced.  

The role of trees in shading buildings and citizens will become important, and the health of those trees will rely 

on the health of the biodiversity of the waterfront ecosystem (Rizwan et al., 2008). 

 

While all of these measures are laudable, the overall effect is piecemeal and disconnected.  
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The procedures don't address a fundamental problem of the conventional waterfront development, the typical 

waterfront urban model. The model emphasises high-density building, hard impervious surfaces, and limited 

public space. The result is that it is very difficult to install the necessary remediation measures for the 

environmental problems; there is literally no room within the urban plan. One of the reasons for this rigidity might 

be the economic/ financial success of the Baltimore model, a tried and tested real estate formula.  

Understanding that the environmental problems of the urban waterfront are not simply isolated incidents but part 

of larger environmental systems that are changing through climate change is an important conceptual leap. To 
concretise this thinking, LIUDD (M. van Roon & van Roon, 2009) offers both a theoretical framework in which to 

understand an urban development within a larger environmental system and a number of practical methods with 

which to address specific environmental problems.    

 

1.3 Aim 

The aim of the thesis is to investigate whether it is possible to save the existing waterfront development model 

from the underlying environmental depredation that will be worsened by climate change. Reframing the typical 
waterfront development site within the wider urban catchment provides an understanding of how larger 

environmental problems such the contamination of urban waterfronts by polluted urban stormwater and the 

increase in pluvial and maritime flooding can be apprehended. Through the use of catchment analysis and GIS 

modelling, the position of an urban waterfront development can be understood as part of a hydrological gradient 

from the hinterland to the receiving environment. The environmental remediation and amelioration of stormwater 

production, sea-level rise, pluvial flooding and an increase in urban heat will be investigated. The key 

investigation will be into the effect that these conditions will have on the design of the urban waterfront and the 

consequences that appropriate environmental remediation will have on the conventional waterfront development 
plan. By using the LIUDD approach a new method for urban waterfront development will be tested. 

Can the urban waterfront become a resilient landscape, a valuable piece of indigenous and ecologically viable 

ecotone that will help to increase biodiversity, ameliorate the consequences of sea-level rise and contaminated 

stormwater, and reduce the effect of atmospheric warming, while at the same time satisfying the real estate 

return of a typical waterfront development? 

 

1.4 Objectives 
 

1. Analyse the development typology of late 20th and early 21st urban waterfront master planning especially 

the influence of New Urbanist thinking.  

2. Understand the real estate model that drives current waterfront development practice.  

 

3. Investigate the main environmental problems that are present on the typical waterfront site and which 
will be aggravated by climate change.  

 

4. Understand the approach and methods of LIUDD and the hinterland of theories and practices to develop 

the research design.  

 

5.  Utilise the research by design methodology to address the research question. 
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6. Test the research design on a waterfront case study to determine whether an environmentally resilient 

waterfront can still engender a financial return. 

 

7. Test the applicability of the design process for two waterfront case studies  

 

8. Acknowledge Te Tiriti o Waitangi (The Treaty of Waitangi). 

 

1.5 Research Question  

 

How can the contemporary waterfront master plan respond to underlying environmental problems? 
 
1.6 Approaches and Methods 
 

1.6.1 Theory and Practice of Low Impact Urban Design and Development (LIUDD). 

LIUDD can help frame waterfront development within the larger theoretical concerns of sustainability (Ahern, 

2013) and resilience (Klein, Nicholls, & Thomalla, 2003). Considering a specific urban development as part of a 

larger system – social, economic and environmental – is critical for understanding the value of a development.  

LIUDD also utilises the discipline of urban ecology (Marzluff, 2008) to provide insights into the way a city can be 

thought of as an ecosystem. These insights help to show that specific urban/environmental issues are not limited 

by property boundaries but connected to the larger environmental conditions. The precepts of urban ecology 
help to describe how specific environmental conditions connect to each other through a series of scales. The 

concept of a hierarchy of nested conditions leads to specific techniques that address specific problems/issues, 

for example, the catchment offers a technique and context for clearly situating urban environmental problems 

within a specific environmental structure. The catchment can be understood and mapped, and catchment 

analysis offers specific techniques to place and order ecological conditions within a hydrological boundary 

(Hunter & Scrafton). The catchment system helps us to understand the way in which both the hydrological and 

ecological conditions of the catchment are intertwined and co-dependent. The measurement of biodiversity 
within the catchment is another regime that can be used as an index of ecological health. By understanding the 

lack of biodiversity, an appropriative remediatory regime can be put in place to ensure the return to ecological 

health (Farinha-Marques, Lameiras, Fernandes, Silva, & Guilherme, 2011). The environmental problems of an 

urban project for a region’s biodiversity can be clearly framed within a spatial context, patches and corridors, and 

the consequences of future action can be both mapped and understood (Meurk & Hall, 2006). The hydrological 

behaviours and biological sustainability within an urban catchment cannot be seen as isolated phenomena; they 

are intertwined and co-dependent.  

 
LIUDD practice puts forward a number of methods for helping to make a more sustainable and resilient urban 

development.  Protecting and, in some cases, restoring biodiversity can be done by protecting and restoring any 

environmentally sensitive areas of the site such as indigenous bush remnants, riparian zones, and a catchment 

headwater. 

Investigating different kinds of urban forms that retain and create ‘natural space’ can be accomplished by 

‘clustering’ an urban development. That is, rather than spreading over a site, the urban building programme 

should be made dense and constrained, thus lowering the building footprint. 
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Any contaminants that are the product of an urban development should be contained and not released into the 

natural environment. The hydrological regimes of the catchment, the overland flow path and streams should, as 

far as possible, be maintained in a state of hydrological neutrality to protect the ecosystem of the receiving 

environment (M.  van Roon, Greenaway, Dixon, & Eason, 2006) (M.  van Roon et al., 2006). 

 

Using the LIUDD methodology to understand and reframe a typical waterfront development calls for some 

subtlety in understanding the methodology, in particular, the concept of hydrological neutrality.  If the selected 
site such as an urban waterfront within the urban catchment is already totally impervious, then the concept of 

restoring an existing hydrological network is of limited use. However, the concept of hydrological neutrality could 

be used to understand the hydrological behaviour of the larger catchment. And this could inform future planning 

and policy decisions for the larger catchment, such as the creation of more parks, daylighting stormwater 

systems, and the installation of wetlands, which would help address the problems that are to be found at the end 

point of the catchment, where the urban waterfront is often located.  

 
GIS (Geographical Information System) (Scally, 2006) can be used to represent and analyse these systems. GIS 

is a well-known software where different kinds of geographical and spatial data can be collected, scrutinised, 

analysed and the results presented in a map format. The best-known software provider of GIS is Esri (Crosier, 

Robert, & Mitchell, 1999) with its product ArcGIS. ArcGIS will map existing landscape and environmental 

conditions and it can generate analysis of the conditions, for example, site orientation can be represented 

through aspect maps, and the hydrological condition of a site, such as overland flow paths, can be located. 

Catchment systems in all kinds of landscapes including the urban can be located. This data can be presented 

graphically as both two-dimensional maps and three-dimensional images.  
 

1.7 An Overview of the Methodology and Methods 

Conventional research methodologies are typically the quantitative and qualitative. Quantitative research 

emphasises the scientific method, the construction of a research project with a hypothesis which is tested 

through empirical investigation. Qualitative research is concerned with the social and cultural arena and engages 

with the opinions and ideas of participants as part of the research process. The objectives of this research 

project certainly encompass some aspects of the quantitative methodology, especially measuring the effects of 
the accumulation of urban run-off within a catchment and the design of stormwater remediation and flooding 

detention zones. However, the scientific method is unable to explore the urban design implications of the 

research question. Similarly, an exploration of the effects of climate change on waterfront development via 

community participation is unlikely to address the way in which the urban design model might have to change.  

Instead, for this investigation, a third methodology, research by design (RBD)(Roggema, 2016) is advanced.  At 

the core of RBD is the design process, made up of three components: pre-design, design and reflection.  The 

most critical part of the process is the design stage. Roggema comments that this stage is typically opaque, 

reliant on intuition and leaps of faith, and the process is experimental and open ended. The results are not final 
or testable, rather they offer a process, a way in which to approach problems that can be used to test a number 

of different possibilities.  

 

1.8 Case Study  

A design case study of an existing waterfront is the chosen method to test the research question. By engaging 

with a waterfront site that is undergoing an urban development, the ability to test the research design in a real-
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life situation is presented. This is an opportunity to test the first contention of the thesis, that waterfront 

development conceals a number of serious environmental problems. This claim can be tested through the 

investigation of existing reports and by mathematically and spatially modelling the waterfront using catchment 

planning and GIS analysis. In this way, key environmental metrics can be assessed such as the amount of run-

off produced in the catchments, the effect of sea-level rise, and the location of viable ecopatches within the sub 

region. In a real waterfront case study, all these conditions can be physically modelled and quantified with GIS 

analysis. Lastly, the remediatory regimes for the uncovered environmental problems can also be modelled on 
the waterfront site with GIS software.  The implication for the building programme, urban form and, ultimately, 

the real estate return can be spatially modelled and a number of design iterations can be tested.  

 

1.8.1 Wynyard Quarter 

To address the research question though a case study investigation, the Wynyard Quarter (WQ), a waterfront 

development in Auckland, New Zealand, was chosen. The WQ is situated on the western side of the Auckland 

CBD, between the Westhaven Marina and Viaduct Harbour. The WQ started life as reclamation in the 1930s; the 
site was used for warehousing, the fishing industry and, most importantly, as an industrial fuel store. A master 

plan for the development of the site was initiated in the early 2000s with a master plan by the American 

landscape architect, Peter Walker (Architectus, 2007). 

The WQ is approximately 38.8ha. Of this area 5.8ha is to remain as existing marine-related industries, mainly on 

the Westhaven marina side. The main body of the site is a development zone of approximately 21ha. The rest of 

the site is to be allocated as public space. The development site is broken into three zones; the Point Precinct at 

the northern end of the site is zoned mainly as residential. The middle zone, the Jellicoe Precinct, has a more 

complex social and building programme, which relates to its role as part of a structural urban axis linking the WQ 
to the CBD. The Central Precinct is the largest zone from Jellicoe Street to Fanshawe Street, and a third of this 

site is owned by another party, Viaduct Holding Group. This zone is devoted to mostly residential and 

commercial use with a small percentage of retail.  

 

The WQ has a number of serious environmental problems. The discharge of contaminated stormwater is a major 

issue. While small-scale stormwater remediation wetlands have been installed, these measures only address the 

local effects of the new urban configuration (WAA, 2012). The stormwater discharge from the larger Freemans 
Bay catchment is concentrated in a 3m-diameter pipe with a single discharge point under the North Wharf. After 

heavy downpours, there is highly visible harbour contamination that leads to toxic sedimentation around the 

wharf area. Localised pluvial flooding already occurs in the southern half of the WQ. The high impervious nature 

of the site means that there is no capacity for flooding to be absorbed. The WQ is surrounded on three sides by 

the Waitamata Harbour. While there has been no coastal flooding yet, a combination of a rising tide and a storm 

surge could result in the temporary blocking of localised stormwater outlets, which could cause localised flooding 

especially at the northern end of WQ. The WQ also has little vegetation and almost no indigenous flora or fauna, 

resulting in very low biodiversity.  With climate change and the increase in sea level and more storm events 
these conditions will become exacerbated.  

 

Using the research design outlined above, the case study site will be reframed within the larger hydrological 

catchment. GIS mapping and analysis will be used to determine hydrological issues such as contaminated 

stormwater discharge, terrestrial flooding, sea-level rise, and the lack of biodiversity. Remediation measures will 

be modelled to ameliorate the negative environmental effects.  The costs of the remediation work are measured 
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against the expected real estate return from a typical real estate development.  A new urban form is tested 

against both the environmental remediation metrics and real estate returns.  

 

1.9 Scope 

The scope of the research is limited to investigating the current environmental problems of the urban waterfront 

and putting forward a limited number of strategic processes that will help build environmental resilience. The 

research is restricted to the investigation of the range and effect of four specific environmental issues: 
stormwater contamination, coastal flooding, pluvial flooding and the lack of biodiversity.  

The urban implications of accommodating the necessary remediation measures are limited to two criteria. The 

first uses an LIUDD approach, clustering urban development to increase pervious surface areas. The second 

reformats the expected Gross Floor Area (GFA) of the selected waterfront development into a new Floor Area 

Ratio (FAR) to ensure that the expected financial return of a typical waterfront development is met. This is 

measured through a basic spread sheet analysis of the financial implications of the development scenarios.  

An in-depth investigation of these four very complex environmental conditions is not part of this thesis. The 
objective of the investigation is to demonstrate an awareness of these conditions, the ways in which they can be 

analysed and measured, and the range of possible remediation measures. In a similar way, the measurement of 

the financial implication of the new waterfront model is also exploratory. The aim of the thesis is to demonstrate 

how an understanding of these conditions, linked under a LIUDD structure, can contribute to a design process 

that leads to a new waterfront urban development model. 

Therefore, the scope of the research excludes many important aspects of the urban design process, not the 

least being the social implications of the design strategies.  The spatial implication of the new development 

strategies will be a fundamental change from the conventional waterfront design solution. In the conventional 
waterfront development model, social uses are often conditioned by specific urban formulae; for example, 

around a residential zone, an entertainment precinct, and a waterfront promenade, visitors and residents follow a 

programmed routine.  

The new waterfront design strategies that have been developed in the thesis suggest a different model that 

results in an urban / landscape form, where residents and visitors experience a remediatory landscape – a 

fragment of indigenous bush, wetlands, and the recreation of a coastal ecotone. The social implications for the 

citizens who will experience this new model are thought-provoking. Certainly, precedents for citizens ‘living in 
nature’ can be found in the garden city movement. These speculations are outside the scope of this thesis and 

are in the category of further research. 

However, an understanding of the implication of this research in Aotearoa NZ for the Tangata Whenua is 

unavoidable. All New Zealanders have specific obligation under Te Tiriti o Waitangi (The Treaty of Waitangi). 

The articles of the treaty ensure that Māori have equal participation in any decision-making, and more 

specifically in issues that affect Māori.  Māori tikanga and taonga are protected and there is an explicit 

partnership with Māori in any planning in the public realm. How this might be manifest has led to the 

development of the Te Aranga Principles (ADM, 2016). The principles are: Mana, Whakapapa, Taiao, Mauri Tu, 
Mahi Toi, Tohu, and Ahi Kā. 
These principles have been formulated as a way in which stakeholders and designers working in the urban 

realm can acknowledge their obligations under the Te Tiriti o Waitangi. In this thesis, the principles of Mauri Tu 

and Taiao are particularly relevant. 

Mauri Tu is concerned with ensuring that the mauri (life force) of a site and the area around it are protected and 

enhanced through an understanding of the quality of wai, water, whenua, land, ngāhere, indigenous vegetation, 
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and air. If these are damaged or impaired in any way then solutions should be sought to repair this damage. 

Solutions can include cleaning stormwater through stormwater remediation systems, the remediation of 

contaminated soil, restoring waterways through daylighting and the planting of indigenous vegetation.   

The second principle of particular relevance for this project is Taiao. Here, the emphasis is on enhancing and 

sustaining the natural environment through the use of local flora and fauna. Existing natural environments are to 

be protected and, if possible, enhanced. Practical techniques seek to establish biodiversity through the use of 

ecological corridors and planting the appropriate indigenous flora in public spaces. 
These two principles help to locate the exploration of the research methodology within a New Zealand design 

case study.  

In summary, this thesis is multi-disciplinary. It draws on different areas of expertise: catchment planning, GIS 

modelling, stormwater management, pluvial flooding modelling and financial analysis. Each of these disciplines 

is highly complex, and the research investigation doesn’t carry out an in-depth exploration of these disciplines. 

However, the thesis argues that only a multi-disciplinary approach will help to develop a resilient urban design 

process for waterfront development. 
 

1.10 Contribution to Knowledge  

This thesis will contribute to the goal of helping world-wide waterfront development become more resilient to the 

effects of four specific environmental issues: stormwater contamination, coastal flooding, pluvial flooding, and 

the lack of biodiversity which will be exacerbated by climate change. The proposed development process will 

enable the major waterfront stakeholders, local authorities, developers and citizens to clearly understand the 

ways in which larger-scale environmental problems such as the discharge of contaminated stormwater, pluvial 

and maritime flooding, and an increase in the urban heat island effect will impinge on the waterfront site. 
Possible minimisation/remediation scenarios can be clearly measured and modelled, enabling a more 

transparent discussion over the environmental effects of any proposed development. The design process will 

give stakeholders the ability to manipulate a waterfront master plan, leading to an open practice that can be 

modified through prioritising environmental remediation regimes. This process can give citizens a larger public 

realm on the waterfront while continuing to ensure a commercially viable return.  

 

1.11 Thesis Structure  
The thesis is organised in eight parts: a literature investigation into the history of waterfront design; the 

environmental problems and remediation solutions; a review of the theory and practice of LIUDD; the 

development of the research methodology and methods; the research investigation using a case study, the 

Wynyard Quarter; an exploration of the efficacy of the design process for two case studies sites, one in NZ and 

the other in China; and a review of the results in a conclusion and reflection.  

 

Chapter Two:  Waterfront Design  

This chapter discusses the history and current state of urban waterfront design with a range of examples, and 
deepens the study with an analysis of New Urbanist planning and real estate practice.  

 

Chapter Three: Waterfront Design, Environmental Problems, Environmental Remediation Techniques 

The chapter looks at four specific environmental problems: stormwater contamination, pluvial and fluvial flooding, 

and the loss of biodiversity and subsequent increase in the urban heat island effect, which affect waterfronts. 
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The chapter concludes with a summary of conventional remediation techniques for the four conditions with 

examples in the practice of waterfront design.  

 

Chapter Four: Theory and Practices 

This chapter outlines the theory and practice of Low Impact Urban Design & Development (LIUDD).  The chapter 

starts with the theory and then looks at the practices of LIUDD: the consideration of the catchment in any urban 

development, the protection of the existing hydrological networks, the importance of pervious surfaces to absorb 
rain water, the use of evapotranspiration and the subsequent urban technique of clustering are discussed.  

The background of the theory and methods in the ideas of sustainability and resilience, and the science of urban 

ecology and landscape ecology are considered. The concept of the hydrological catchment is highlighted and 

catchment planning, the planning techniques of Ian McHarg (McHarg, 1969) and cluster housing are also teased 

out.  

 

Chapter Five: Methodology and Methods 
This chapter outlines the development of the research methodology with the rationale behind the choice of 

Research by Design. The use of LIUDD as a research method for the investigation of the environmental 

problems of waterfront design is discussed. 

 

Chapter Six: Case Study: Wynyard Quarter   

This chapter aims to address the research question, through a case study investigation, an urban brownfield 

waterfront site: the Wynyard Quarter, in Auckland, New Zealand.  After an intensive site investigation, the RbD 

methodology is used to set out the research process. LIUDD methods are used to address the environmental 
problems. ArcGIS is used to both understand the underlying environmental conditions and to model the 

remediation regimes. The existing building programme is reconfigured to accommodate the necessary 

remediation. A smaller, more detailed, case study, the Wynyard Point, is used to investigate the research design 

in more detail and to test the results using a simple spread sheet analysis.  

 

Chapter Seven: 

This chapter explores the implications of the design process developed in the previous chapter. Two further case 
studies are investigated, both waterfront sites where planned urban development will affect the hydrological 

balance of the catchment. Both sites are greenfield, one located in Furong New Town, Guangdong Province, 

People’s Republic of China, the other in Whenuapai, Auckland, New Zealand.  

 

Chapter Eight: 

This chapter considers whether the research question, the aims, and the objectives of the thesis have been met.  

 

Chapter Nine: 
The thesis concludes with a summary of the key findings, the limitation of the research and the potential for 

future research.  
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Chapter Two  
Contemporary Waterfront Design Practice  
 

2.1 Introduction 

The shape of contemporary waterfront design is the result of three factors: the historic change from the 18th and 

19th century industrial port to the new waterfront development zone, the use of the New Urbanism as an urban 

model for waterfront development, and the use of real estate financing tools to finance waterfront development.  
 

This chapter describes the development of the contemporary waterfront with 11 examples of waterfront 

developments in America and Europe, from the first project, the Baltimore Inner Harbour, to The Wharf in 

Washington DC. This itinerary is followed by a description of the two specific factors that have contributed to the 

success of waterfront development, the development of a predictable urban design model based on the use of 

the New Urbanist planning principles with real estate financial modelling to judge financial success. 

 
The way in which 19th century industrial ports and infrastructure have been transformed into a new kind of urban 

development, the waterfront, is a critical part of 20th century urbanisation. This mode of waterfront development, 

first presented in the Baltimore Inner Harbour project (Norris, 2015), has become a globally accepted urban 

model. 

 

2.2 Port to Waterfront 

The worldwide structural transformation of waterfronts from port to pleasure zone is still best described by 

Hoyle’s (Hoyle, 2000) five-phased development model. The five phases describe how the European port and 
waterfront has developed over the last 700 years. The first phase is the primitive city port phase, from the 

medieval city port, most notably, the Italian trading ports, to the beginning of the European industrial port.  

 

The second phase is the expanded city port, the result of the territorial expansion of the traditional city port 

utilising the technology of the industrial revolution to build a new port infrastructure. The 19th century port 

became a heavily industrialised site that was a crucial part of the global supply chain developed by European 

colonialism in the 19th century. The port infrastructure assumed a common form around the world, an 
infrastructure of reclamation and wharves, backed with warehousing, and surrounded by a new residential 

district of dockworkers.  

 

The third phase, the modern industrial city port, is part of the development of the large-scale industrial 

infrastructural processes of the mid-20th century economy – manufacturing, oil storage and refining, and the start 

of containerisation. The consequences of containerisation were the invention of a new port infrastructure with 

radical implications for the connection of port to city. With the necessity of a new waterfront infrastructure, the 

huge sums of money that were needed for this reorganisation, and the chance for port owners to break powerful 
waterfront unions, many ports relocated away from the original city sites. One of the best-known examples of this 

splitting of city and port is the relocation of the Port of London, from the Docklands next to the City, to Tilbury in 

the 1960s (Williams, 1993). 

 

The bifurcation of port and city is the fourth phase of Hoyle’s development model. This period, lasting from the 

1960s to the mid 1980s, saw the abandonment of the 19th century port infrastructure, the brick warehouses and 
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wharves. The new city ports were characterised by oil refineries, ro-ro handling systems, container handling, and 

break-bulk cargo infrastructure. 

The last phase in Hoyle’s model is the redevelopment of the old industrial waterfront, from the mid-1980s to the 

present day. This was initially generated by the proximity of abandoned waterfront sites to the existing city, 

providing an irresistible real estate opportunity to turn old industrial land that had lost its use value into a 

valuable development opportunity (Meyer, 1999).  

 
2.3 Waterfront Development Design Studies  

This section explores the many different permutations of waterfront development from the first recognised 

waterfront project, the Baltimore Inner Harbour, USA, initiated in the early 1970s, to The Wharf in Washington, 

DC, USA, begun in 2013.  
 

2.3.1 Baltimore Inner Harbour  

The first project that models the mix of 

port reuse and New Urbanist master 

planning is the Baltimore Inner Harbour 

development.  The project was driven by 

the proximity of the old Baltimore river 

port to downtown Baltimore. The harbour 
had gradually silted up, resulting in port 

operators moving away and abandoning 

the old port infrastructure. A new 

waterfront master plan was developed in 

the 1970s to reinvent the port as a 

commercial real estate opportunity (Breen 

& Rigby, 1996).  The new waterfront 

design encompassed a mixture of public 
and privately financed projects along a 

public  
Figure1: Baltimore’s Waterfront (Fitzgerald, 1998) 
promenade at the edge of the old dock. The first building constructed was the publically financed Baltimore 
Convention Centre finished in 1979; followed by the Harbour Place Mall developed by the Rouse Company, 

opened in 1980; then the National Aquarium in 1981; Pier 6, an outdoor entertainment facility, in 1991; the 

Power Plant, a multi-use building with bookshops, restaurants and a gym, in 1997-98; and the Port Discovery, a 

children’s museum, in 1998. Along with this development programme was the construction of 11 hotels and two 

sports stadia. The buildings along the harbour edge are all linked with new public space, including a waterfront 

promenade, squares and parks. The success of the Inner Harbour development has been aggressively 

promoted with claims that the project receives more visitors a year than Disneyland, produces $786 million a 

year in revenue, and has generated 16,000 jobs.  
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2.3.2 London Docklands  

 

Figure 2: Canary Wharf (Telford Homes, 2018) 
The Baltimore model has become an international success over the last 30 years. The first major waterfront 

redevelopment in Europe was the London Docklands. For a hundred years the greatest port in the world, and 

the living proof of the power and reach of the British Empire, the docklands  

occupied 21km2 in the East End of London (LDDC, 2011). Abandoned in the early 1960s for a new port located 

at Tilbury, the Docklands lay derelict for over 20 years. By 1981 the then conservative government set up the 
London Docklands Development Corporation (LDDC) to redevelop the area. The creation of a specific body 

funded by the government and outside of the normal regulatory process was allied with the designation of the 

docks as an ‘enterprise zone’, an area where any business that established in this zone could be exempt from 

property rates and subject to a simplified planning regime. These devices, a central organisational body, and a 

liberal planning and tax regime, in effect established a free market zone. This concept would go on to become 

an extremely successful model for economic regeneration zones in many countries (Meyer, 1999)  

The best-known part of the Docklands redevelopment is Canary Wharf (Daniels & Bobe, 1993). Canadian 
developers Olympia and York initiated this project in 1985; the site was the old West India Docks on the Isle of 

Dogs. This development came to symbolise the radical change of London industry. With banking deregulation in 

1986, London completed the change from a mercantile port for the empire to the financial service capital of 

Europe. The economic premise of Canary Wharf was to accommodate this new industry. Its location next to the 

City, and with the provision of a PT connection, the Dockland light railway, to link the City to the Docklands, 

generated an economic rationale for the location (Oc & Tiesdell, 1991). 

The master plan by SOM (SOM, 1985) proposed a neo-Beaux Arts parti, a strong perpendicular axis from the 

river along the line of the old wharf to a new building, a central tower, One Canada Wharf. Designed by Cesar 
Pelli, this tower was the largest in Europe, and came to dominate the development and become a central 

reference point. The axis was occupied by a long, green, public space that was consciously modelled on the 

traditional London urbanism. The new building programme of office towers lined the central axis.  

At the Thames end of the axis were located two large public spaces, Cabot Square, defined by 20-storey 

buildings, and West Ferry Circus, closer to the river, surrounded by 10-storey buildings. The public spaces were 
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comprehensively detailed and an extensive landscape programme was instigated. Other public spaces in the 

development were located in smaller ‘pocket parks’ positioned on the cross axis. A number of urban 

promenades were placed between the new building and the surrounding docklands.  

While the central park axis was successful in terms of design thinking and detailing, the pervasive commercial 

nature of the surrounding buildings, and the lack of public building programmes such as a library or art gallery, 

has led to a critique of how ‘public’ the open space is. This question is made more pointed by the panoply of 

private security and surveillance that encompasses the development. A closer examination of the design 
qualities of the space itself reveal, perhaps with the distance of 30 years, a particular 1980s North American 

Post-Modern frisson.  It would be churlish to complain of the absence of an environmental agenda in a 

development this old. However, it does seem curious, particularly in the light of subsequent dockland projects, 

that while the development is surrounded by water, the dockland waterways on three sides, the Thames on the 

fourth, the Canary Wharf building programme largely turns its back on the water and instead concentrates its 

attention on the central park space.  

 
2.3.3 Melbourne Docklands  

The Melbourne Docklands 

redevelopment, begun in the mid 1990s, 

is in many ways a comparable project to 

the London Docklands development and 

a useful case study to see how that 

development model has changed over 

10 years.  The site, the old Melbourne 
docks, is to the west of the Melbourne 

CBD and defined by Spencer Street, 

Wurundjeri Way and the Charles 

Grimes Bridge to the east, CityLink to 

the west and Lorimer Street across the 

Yarra River to the south. The impetus 

behind the development was driven by 
many of the same factors that drove the 

London Docklands development – the  
Figure 3: Melbourne Docklands (City of Melbourne, 2016) 

abandonment of the docklands in the 1960s with the advent of containerisation and its location near the 

commercial heart of Melbourne (VDA, 2000).  
The Melbourne Dockland development was initiated by the Liberal (conservative) government of Jeff Kennet in 

the early 1990s (Dovey, Kim, 2005). The first major development in the area was the building of the Docklands 

Football Stadium located next to the Spencer Street Station (now the Southern Cross Station). The location of 

the stadium, at the edge of the CBD, was a conscious decision intended to attract the public to the docklands.  

Ashton Ragett McDougal (Procter, 1997) were appointed as master planner for the entire district. The Docklands 

was broken into a number of zones – Central City Studio, a film production hub, Waterfront City, New Quay. 

Yarra Edge, Digital Harbour, Victoria Harbour and Bateman’s Hill.  The development of each zone was then 

tendered to private developers, who put together a building and public space programme.  
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The best-known design case study within the Melbourne Docklands is Victoria Harbour. It occupies 28ha and is 

surrounded by 3.7km of waterfront (Buckrich & Reed, 2005).  The zone forms a peninsula bounded by Collins 

and Bourke Streets, which have been extended west into the Docklands and, famously, meet at an apex. 

Running north/south behind the apex is the Harbour Esplanade, a 2.1km, 12ha, road link from the northern 

gateway, the City Link, to the Charles Grimes Bridge at the Yarra River. The 2.5ha Docklands Park broadens the 

Harbour Esplanade near the Collins Street extension. The park encompasses a broad programme of social 

activities: picnic areas, BBQ facilities, playgrounds and sculpture. 
The Harbour Esplanade and Docklands Park form a north/south backbone to Victoria Harbour, linking the 

stadium, waterside promenade, parks, footpaths, roads and tramlines.  The original design by Richard Weller 

and ARM drew these disparate functions together with a layered plan of common planting, public space, 

common materials and a graphic layer of painted lines and letters laid conspicuously over promenade, path and 

road, imposing a commonality across the disparate spaces. Landscape architects Rush Wright developed this 

initial design by pushing the landscape qualities of the Dockland Park with a looping connecting path linked to 

topographic transformations, mounding up to 6m high, and by planting native trees, especially araucarias. The 
path also traverses stormwater cleaning ponds that will take contaminated water from the surrounding roads 

(Rush Wright, 2001). 

In contrast to the innovative design thinking about how infrastructural space, roads paths, PT and parks can be 

used and transformed along the Harbour Esplanade, the actual public areas on the water’s edges are treated as 

more generic space. An architectural configuration of a two-storey base of restaurants and shopping and 10 

storeys plus towers of office or residential apartments form the urban edge. An extensive public sculpture 

programme animates the actual promenade space. Environmental remediation of the pollutants on the site is 

limited to dealing with the contaminated run-off from the new road by using local stormwater treatment devices in 
the streetscape and paved areas including rain gardens, mini wetlands and tree pits. However, the traditional 

problems of port pollution, the contaminated seabed and polluted stormwater run-off from surrounding urban 

areas are concealed. 

 

2.3.4 HafenCity 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 4: Hafen City (HafenCity, 2000) 

The HafenCity, Hamburg, docklands redevelopment project started at the beginning of the 2000s and is planned 

to finish in the 2020s. This project shows how the dockland redevelopment model has become refined over 20 
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years. The master plan for the development of the docklands was the subject of an urban design competition in 

1999. The winners were a joint Dutch/German team, Kees Christiaanse /ASTOC (Bruns-Berentelg, 2006). The 

development, when completed, will link the traditional city centre of Hamburg with the River Elbe. The total size 

of the development is 155ha, of which the land area is approximately 100ha. The site is demarcated by the 

Kaiserhöft to the west and by the Elbe bridges to the east. The land is mostly owned by the city of Hamburg, with 

Deutsche Bank owning an area to the northeast of the development.  

The aim of the project was to build a new waterfront city on the north Elbe with a mix of apartments, offices, 
retail, an overseas passenger terminal and cultural buildings including a science museum and a new concert 

hall. The net building area is 60ha and when fully built out, the gross floor area is expected to be 1.5 million to 2 

million m2. The area will be developed into a number of different quarters. Each quarter will have a particular 

character, made up of a mix of public space, residential and office buildings, and cultural facilities. In the western 

part of the development, mainly occupying the old wharfs, are the Am Sandtorkai, Brooktorkai, Dalmannkai, 

Kaiserkai, and Strandkai quarters. The central part of the development will be around the Magdeburger Hafen. 

To the east are the Oberhafen and Baakenhafen quarters (Hölzer & Wiethüchter, 2010).  The development 
timetable is strategically timed to start at the south-western end and proceed to the east to try and avoid 

piecemeal development. Existing buildings, especially historical warehouses in the Sandtorhafen harbour, are 

preserved. The new city is outside of the city dyke, the flood protection for the old centre of Hamburg, so care 

has been taken to ensure the lower parts of the new building programme are protected from flooding. The flood 

levels are expected to be 7.2m above the Mean Sea Level (MSL). Consequently, the new building programme 

for HafenCity is expected to resist floods of 7.3m above the MSL, therefore all construction sites are raised to 

7.5m above the MSL. The public space provision for the new city is approximately 6ha. The main public spaces 

will be promenades along the water’s edge. As these are lower than the building programme they are designed 
to be intermittently flooded. There are also a variety of public squares and parks proposed throughout the site.  

The first areas to be completed are the Sandtorkai and Dalmannkai. Two new cultural buildings are located in 

this area.  The first is an international maritime museum located in a renovated building at the Kaispeicher, the 

second a new concert hall for the Elbe Philharmonic Concert Hall, placed on the rooftop of the Kaispeicher, a 

building on the Kaiserhöft. The building, designed by Herzog and De Meuron, is 106m high and provides a 2200-

seat auditorium (Herzog de Meuron, 2016). 

The major built public spaces are the Magellan Terrassen in the Traditionsshiffhafen and the Marco Polo 
Terrassen in Grasbrookhafen, designed by the late Enric Miralles (EMBT, 2005). The public space takes the 

form of a series of terraces that lead down from the Grosser Grasbrook to the water and then extend the public 

space out into the harbour with a series of floating concrete pontoons.  

HafenCity is an on-going project that demonstrates a number of similarities with previous Dockland 

redevelopments. The building of a new urban layout based on a grid pattern, the use of a building programme to 

define urban space, and the treatment of the waterfront promenade as a public space clearly demonstrate the 

linking to other dockland developments.  

From other waterfront projects, links can also be made to the restoration of existing wharf/warehouse structures 
and the insertion of a new cultural building programme, the concert hall and museum, into the existing 

building/urban fabric. One important development of that theme is the proposed science museum, a heroic 70m-

high ‘0‘-shaped building by OMA near the end of the Strandkai on the Elbe. This purpose of this building is 

clearly indebted to the Bilbao Guggenheim (and, before that, to the Sydney Opera House), the iconic building on 

the waterfront signalling ‘progress’ (Etherington, 2008). 
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What is perhaps unique about this project is a growing awareness of the larger landscape and especially 

landscape conditions. This is demonstrated by the new public space created by EMBT. The Magellan Terrassen 

and the Marco Polo Terrassen actually engage with the specific landscape conditions of the site, both the 

location of the space by the water and the specific landscape condition of site flooding. Rather than treating the 

water simply as a spectacle for passers-by, Miralles’ use of floating pontoons extends the public space into the 

water, extending the public usage and making explicit both tidal movement and the possibility of flooding.  

These three dockland redevelopments show how the original model of waterfront redevelopment has been 
modified in many ways to engage more fully in the public realm through the addition of cultural buildings and a 

more connected use of public space. These moves all point toward a more nuanced understanding of the public 

realm. However, the place of public space in this model of waterfront development is still vestigial; its role is to 

service the real estate demands of the building development, as well as the surrounding residential and 

commercial use.   

Three waterfront developments from the 2000s – the Brooklyn Bridge Park, the Barcelona Forum and the 

Jeddah master plan – demonstrate how engagement with the larger environment has produced another variation 
on the waterfront development model.  

 

2.3.5 Brooklyn Bridge Park  

The Brooklyn Bridge Park is a 34ha site 

located on the Brooklyn waterfront in New 

York. Brooklyn Bridge, Furman Street and 

Atlantic Avenue form the boundaries of the 

main site. The docklands were a typical 
19th-century industrial waterfront, made up 

of six piers, one on reclaimed land, the 

others built on piles, that were backed by 

warehouses accessed from Furman Street 

(Brooklyn Bridge Park).  

The project to transform the old industrial 

waterfront into a park has been driven by a 
concerted community effort (Gastil, 2002). 

The financial configuration of the project is 

explicitly constructed to make the site 

financially self-sustaining, that is, the 

design, construction and maintenance of 

the park are not paid for by City Hall, but 

are rather backed by commercial 

development of parts of the site.  Provision 
has been made for two residential towers 

that will be located in two blocks adjacent 

to Furman Street at the Brooklyn Bridge 
Figure 5: Brooklyn Bridge Park (Archpaper, 2011)   
and Atlantic Avenue ends of the site. These sites will occupy about 10 percent of the total site area. The 
designer of the master plan, landscape architect Michael van Valkenburgh, started the project in 1998. Van 
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Valkenburgh’s parti is an interesting combination of the traditional and the pragmatic.  Van Valkenburgh treats 

the Furman Street edge as a kind of green buffer, using earth mounding and planting to channel visitors to the 

new waterfront. The six existing piers are each treated as different landscapes. Park users can choose what sort 

of landscape/social/cultural/sports experience they want, ranging from recreation of a native salt mash on Pier 6 

to a multi-sports programme on an artificial turf lawn on the neighbouring pier. Pier 3 offers a traditional park 

experience of lawn and playgrounds, while Pier 2 offers another programmed sport surface. Overall, the design 

uses the traditional park typology, grass, trees, and a rolling topography, to signal the public nature of the 
transformed site (Berrizbeitia, 2009).  

What makes the Brooklyn Bridge Park so interesting is that it presents the dockland restoration, not as an 

overwhelming real estate development opportunity, but as a serious, large-scale, public space that starts to 

approach the size and effect of the 19th-century park. The new landscape structure offers the traditional 

pleasures of the park: sports, picnics, promenades, and playgrounds, in effect the succour of the park that 

Olmsted invented. The Brooklyn Bridge Park also responds to the larger landscape through the re-creation of 

native wetland and salt marshes, alerting the visitors to the long-disappeared local biota and providing new 
habitats for native fauna. The project also acknowledges localised landscape effects, especially the movement 

of stormwater across the site.  Stormwater is collected and stored in buried horizontal tubes; the water is then 

gradually released in an irrigation programme (Blum, 2006).  

While van Valkenburgh uses the traditional park type to provide public space in the city, other projects attenuate 

the idea of the park to expand the possibilities of the traditional structure to include the new challenges and 

possibilities of the early 21st-century city.   

 

2.3.6 Barcelona Waterfront 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The Barcelona Forum (L'Ajuntament de Barcelona, 2010) 

The Barcelona waterfront has a number of splendid case studies that might be, in microcosm, a history of late 
20th-century waterfront development. From the Moll de la Fusta (Solà-Morales, 1982) redevelopment at the start 
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of the Ramblas, to the Barcelona Forum, opened in 2004, the Barcelona foreshore is a physical demonstration 

of innovative urban thinking into how waterfront regeneration can contribute to the development of new public 

space for the city.  

The last of the projects, The Barcelona Forum (Riding, 2004), is, at 214ha, the largest. In urban terms, it forms 

the long-anticipated link of the Diagonal, the long cut across the Cerda grid, to the Mediterranean. The 

development utilised the concept of the ‘event’ to generate the impetus for the building programme, (something 

that had been learnt with the running of the Olympics in 1996). The notion of another event, this time a forum of 
ideas, a kind of cultural Olympics, helped to generate the construction of the Barcelona Forum. The project also 

represented an opportunity to rethink the integration of a city’s waste infrastructure with the urban fabric. The 

designers of the Forum took the occasion offered by a major refurbishment of Barcelona’s sewerage plant as an 

opportunity to integrate the plant both spatially and formally within the project.  

The Forum also had a more traditional building programme of public buildings and parks.  A new convention 

centre designed by Swiss architects Herzog and de Meuron was located at the intersection of the Diagonal and 

the Forum. Along the newly reclaimed sea edge are a number of specific public spaces: a waterfront park 
designed by FOA, a beach/esplanade designed by Beth Galli, and a stair/plaza covered by a vast solar 

panel/pergola.  

Taking a section through this vast project, say from the end of the Diagonal to the Mediterranean, the usual 

waterfront urban typology of a building defining the edge of a public space which in turn forms a littoral, has been 

subverted through a process of urban stretching and thickening.  The building edge of the conference centre 

refuses its traditional civic role as a boundary to the public space through the use of a particular form, a huge 

triangle, and its particular colouring and materiality. The building instead embraces the inward, closed nature of 

the typical conference centre. The public space between the conference centre and the sea is ‘thickened’, 
becoming a topography/roof for the renovated sewerage works underneath. The sea edge seems more 

traditional, a grand stair leading to the sea, a vast gateway/pergola marking this moment.  Yet the ‘archway’ is 

also a huge solar panel array that supplies enough energy to power the whole of the Forum site.  The urban 

space is moulded like a new topography that is ‘deep’ with infrastructural components, the vast solar array and 

the renovated sewerage plant.  

The project attempts to make a new kind of public space through an engagement with the immediate 

infrastructural requirements of the site – the ability of the site to supply power for its own needs, and the 
renovation of a sewage works that produces water clean enough to swim in – to produce an infrastructural 

landscape, new public space for the inhabitants of Barcelona. 
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2.3.7 Jeddah Master Plan  

The Jeddah Master Plan was 

developed by Wilkinson Eyre and 

Arup in 2007 (Wikinson Eyre). It is a 

waterfront development project that 

uses the remediation of a serious 

environmental problem, the existing 
pollution of Jeddah Bay, as a driver 

for the design of a new waterfront.  

Engaging with a fundamental 

environmental problem of the site, 

how to flush polluted water out of the 

bay and introduce clean water, the 

designers have developed a solution 
based on an environmental 

engineering idea.  An atoll is built at 

the mouth of the bay, seawater is 

treated within the atoll, then tidal 

forces are used to introduce the 

cleaned water into the bay whilst  
Figure 7: Jeddah Central District (JCD) Redevelopment Master plan (Wikinson Eyre, 2010) 

 

taking the polluted water out.  This radical rethinking of an environmental problem within a coastal landscape 

has really only been made possible by the newest form of 20th-century waterfront development, the reclamation 

and formation of offshore islands as new land, as seen in the Dubai reclamations, the Palm and the World 

(Bagaeen, 2007). 

The urban consequences of this new landscape are two-fold; the old city and waterfront of Jeddah can be 
restored, while the building of the island atoll outside the bay provides new real estate opportunities. 

A remediation landscape that connects to ‘natural forces’ and forms, tidal flows, the atoll, and water remediation 

techniques can be used to form a new kind of waterfront, and answers contemporary real estate concerns, the 

restoration of the old city and the provision of luxury villas. The project addresses environmental concerns by 

recognising the larger landscape, harnessing those conditions to form a new landscape, one simultaneously of 

consumption and remediation.  

 
By refocusing the view of the contemporary waterfront through the lens of the larger landscape environment, 

many of the issues that other models of waterfront development find structurally difficult to encompass can be 

considered. The landscape environment is an open field upon which larger forces – social, cultural, economic 

and environmental – play out, and offers a way for the contemporary designer to fold these larger issues into the 

pragmatics of waterfront development.  

 

by WilkinsonEyre

Redevelopment Masterplan,      

Jeddah Central District

Over the last few years, many of Jeddah’s residents have 

moved out of the old city due to pollution in the waters of 

the bay, leaving large areas of the city’s historic core in 

need of regeneration. This project examines how the old 

city could be redeveloped, bringing commerce, culture and 

life back to the waterfront.

Prepared in anticipation of the establishment of an overall 

framework for the redevelopment of the city, the 

masterplan explores options for a string of reclaimed 

islands in the bay, which not only provide a mixture of 

residential, commercial and leisure space, but also – with 

the help of natural tidal movement – create a mechanism  

for flushing pollutants out of the main harbour.

Details
Location: Jeddah, Saudi Arabia 

Client: Confidential 
Architect: WilkinsonEyre 

Masterplanner: Arup
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Recent Waterfront Development in Europe and America 

 

2.3.8 Aalborg Waterfront 

The Aalborg waterfront designed by C F Moller Architects 

(Møller, 2015) accommodates a number of freestanding 

buildings along the water’s edge. The new buildings are 

adjacent to the new Aalborg House of Music (Musikkens 
Hus), an ‘iconic’ public building design by CoOP Himmelblau 

(Frearson, 2014).  

The waterfront master plan uses a landscape metaphor of a 

marsh/dune transect to describe the typical waterfront 

section from the water’s edge through to the pedestrian 

promenade and onto a raised terrace. The new podia are 

used functionally as protection against flooding and storm 
surges as well as providing a formal element that links the 

freestanding buildings.  The space around the buildings is 

treated as a series of small public 

parks/gardens/interventions for both the building occupants 

and citizens of Aalborg. 

 

 

 
 

 

 

 

 
Figure 8: Aalborg Waterfront (Møller, 2015) 

 

2.3.9 Aarhus Waterfront  

In a new (as yet unbuilt) Aarhus waterfront 

(Rosenfield, 2014), the master plan, 

designed by BIG, proposes seven 

freestanding residential buildings in an L-
shaped configuration around a former 

dock/basin. While the buildings are all 

different sculptural forms, the shapes 

determined by different heights, they all 

share a similar footprint of roughly 80m x 

80m. They also follow the traditional form of 

the European perimeter block with a large 

internal courtyard for the private use of the 

Figure 9: Aarhus Waterfront (Rosenfield, 2014) 
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building’s occupants. The architects have drawn on the experience of building the VIA project in New York, a 

project they have nicknamed a court-scraper as a hybrid of two building types – the skyscraper and the tower 

block (BIG, 2016).  While the seven residential blocks define the basin, the public space, a waterfront 

promenade, mediates between the blocks and the water’s edge. Rather than rely on the typically narrow margin 

between the building and water, the architects have ‘bent’ the promenade to extend over the water, producing 

greater ‘free’ public space. The architects have strung a series of public activities along this new promenade that 

are more usually associated with summer beach events such as a lido and an artificial beach.  Against the 
building line are a series of pavilions of different sizes and typologies, including a line of beach huts. 

 

2.3.10 Stavanger Waterfront  

The master plan for the Stavanger 

waterfront is designed by AART 

Architects and Krafvaerk  (AART 

Architects + Kraftværk, 2015). The 
development is a residential timber 

building four to five stories high.  The 

building follows the line of the waterfront 

promenade as an angular perimeter 

block.  The ground floor has a number 

of public uses, like bars and cafés that 

open to the waterfront. The first floor of 

the building opens in the opposite 
direction to an enclosed public 

courtyard space with activities such as 

a play space and outdoor seating. The 

first floor connects back to the 

waterfront with a covered viewing deck 

and a timber staircase.  

 
 

Figure 10: Stavanger Waterfront (AART Architects + Kraftværk, 2015) 
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2.3.11 The Wharf, Washington  

 

 

 

 
 

 

 

 

 

 

 
 

 
 

 

 

Figure 11: The Wharf (Bari, 2017) 

The Wharf is a new waterfront development in Washington DC (Bari, 2017). The project was designed in 2013 

as a 300,000m2 development. The site is located on the banks of the Washington Channel, occupying about 

11ha between the adjacent freeway and the waterfront.  The first phase of the master plan, which has been built, 

covers 140,000m2. The building programme of the next phase is a typically mixed-use brief with restaurants, 

hotels, retail and offices. These functions are distributed in a number of building blocks that form a unified façade 

of six to seven stories along the waterfront promenade. The public space programme is a typical waterfront 
promenade with a series of activity spaces.  The public space is extended into the channel with the construction 

of three piers and a new marina. While the master plan is extremely conformist, the sustainability measures are 

interesting.  An underground cistern that will run along the length of the wharf is to be installed to store 

stormwater which will be reused for irrigation and CHP cooling. 

 

Summary 

The 11 examples from the Baltimore Inner Harbour to the Wharf in Washington DC stretch from the early 1970s 
to 2018. They are located in many different countries in Europe and America and exhibit very different 

architectural forms. However, they also exhibit many similarities that find their genesis in the first waterfront 

development, the Baltimore Inner Harbour. The original impetus for waterfront development, the transformation 

of cheap 19th-century industrial land into a valuable real estate development, is still underpinned by the locational 

dynamic, where the waterfront is placed between the spectacle of the water’s edge and the proximity to an 

existing CBD.  

 

Waterfront master planning uses two design devices: the provision of a public space alongside the water body, a 
walk, a promenade or a park. The other device is that the rest of the site is generally subdivided by a road grid, 

separating it into a number of different sections. These blocks are further segregated by a zoning imperative. 

The location of residential, commercial, industrial and retail zones is driven by the proximity of the zone to 
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appropriate infrastructural elements; for example, residential and retail areas are generally placed next to the 

water’s edge, and commercial areas are placed nearer to a transport arterial route.  

The public space, public facilities and public infrastructure in Europe and America are almost always paid for by 

the taxpayer. With the construction of the public realm comes the private investment in individual buildings, the 

risk in construction being offset by the surety of the public investment in both solid assets like public space and 

also within the more intangible world of marketing and public relations.  

The next two sections explore the hinterland of the contemporary waterfront development within the urban 
design practice of New Urbanism and real estate financing.  
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2.4 New Urbanism. 

The previous section demonstrates that waterfront developments come in a range of sizes and shapes. 

However, many waterfront developments are influenced by New Urbanism (Talen, 2013).   

New Urbanism is an urban movement that took inspiration from the traditional urban form of the 19th-century 

European and American cities, in particular, the use of the grid as a structuring device, and the city block. 

The ideas of New Urbanism were a result of a debate among European and American architects and urbanists 

around a new model of urban development in reaction to modernist urbanism. These ideas became codified in 
the Congress for New Urbanism which was founded in America in 1993. Peter Calthorpe, Michael Corbett, 

Andrés Duany, Elizabeth Moule, Elizabeth Plater-Zyberk, Stefanos Polyzoides and Daniel Solomon issued a 

manifesto, the Charter of New Urbanism, which codified the debate of the 1980s into a prescriptive and easy-to-

follow formula (CNU, 1993) (Talen, 2013). 

 

2.4.1 New Urbanist Charter 

The charter begins by defining the problem of contemporary American urbanism: sprawl, environmental 
degradation and a lack of investment in the central city (this one has definitely been reversed with the 

extraordinary real estate bubble of the 2010s).  

The principles of the charter are enunciated at three scales, from the regional to the individual building. The first 

chapter/section is concerned with the urban configuration within the region, the metropolis, the city and the town. 

Urban structures within a region should be more clearly defined, that is, there should be a well-defined difference 

between the city/town and nature/agriculture. Social goals such as equable development opportunities 

throughout a region, the provision of affordable housing and improvement of transport connections with an 

emphasis on public transport are noted. 
The next scale is the neighborhood, the district and the corridor. This section refers to the action that an 

individual can take to improve an existing city. The emphasis is on community-driven action that helps people to 

lead better urban lives. The first building block is the neighbourhood, and these are linked together with 

corridors, (roads, rail and trams). The streets in the neighbourhood are designed for walking and community 

interaction. The community should have a wide diversity of people through the provision of housing types, 

including low cost. A mix of civic, business and commercial ventures within a district is advocated, the single use 

zone is deliberately avoided. 
The last scale addresses more architectural issues: the block, the street, the building. Here the concerns are 

how the design of new buildings can address urban issues. All urban spaces, the street, the square and the 

park, are defined by buildings. Important buildings and public spaces should be distinguished from other 

buildings and spaces by location, prominence and form.  

 

2.4.2 Implications of New Urbanism 

The principles of the NU Charter have filtered down and become a more prescriptive, buildable formula 

(Steuteville & Langdon, 2009), able to be used by urbanists and architects to build new towns, cities and 
waterfronts. For the design of a residential quarter, the formula starts with the neighbourhood block.  Each 

neighbourhood should have a centre, a public space, a square or park. The centre is also the location of a public 

transport stop. All building should be within a five-minute walking distance of the centre, giving a distance of 

roughly half a kilometre. The neighbourhood is to be made up of a variety of different kinds of buildings. A street 

grid of different widths is advised, a hierarchy of main streets and smaller mews (or service lanes). The buildings 
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on the main streets are placed close to the street with minimal front yards while the garages with dwelling space 

above occupy the mews. 

  

Since the 1990s the New Urbanist ideas have become extremely influential on urban planning throughout the 

world (Grant, 2005). This has occurred in two ways: the first is the adoption of the new urbanist principles in toto. 

This has occurred mostly in America in the building of residential subdivisions, often on greenfield sites. The 

adoption of the new urbanist protocols has often been accompanied by a building programme in traditional 
architectural styles.  

One of the most famous examples is the resort town of Seaside in Florida (Seaside Institute, 2008). This 

development was begun in 1991 on a 23ha site on the Florida Panhandle coast. The town has a small civic 

centre and is made up of mostly freestanding, small residential buildings built in a traditional timber construction 

with bright colours. This has proved an extremely lucrative real estate development. The other famous, or 

perhaps infamous, development is the design and construction of the town, Celebration, by the Disney 

Corporation in Orlando, Florida (Knack, 1996). The site is 20km2, and the downtown area was completed in 
1996. The town is organised around a central axis lined with shops and terminating at an urban promenade on a 

central lake. 

The best-known example of new urbanist planning in New Zealand is the Hobsonville development in West 

Auckland (HLC, 2017). Built on a disused air force base, the development was organised as a joint venture 

between private developers and Housing New Zealand. The original master plan was prepared by Isthmus, a 

multi-disciplinary Auckland design office. Helped by timing, a sustained real estate boom in Auckland from the 

early 2010s, the development has proved extremely popular, with over 4500 new houses being built.  

A second development of new urbanist protocols has been a hybrid of NU planning with modernist architecture.  
Here, the adoption of the new urbanist street grid, the provision of civic buildings in important locations, and the 

creation of public spaces has been combined with modernist high-rise buildings and modernist planning, 

especially functional zoning. This particular urban model has been most prevalent in the design and construction 

of new Chinese cities (Wu, 2007) 

 

Summary  

If we compare the typical waterfront development master plan with a typical NU urbanist master plan, the 
similarities are undeniable: the establishment of an urban street grid that is filled by building blocks with 

interchangeable functions, the importance of mixed-use development combining residential and commercial 

development, in particular, office and retail; the use of axes to direct the citizen to important public spaces, the 

public spaces determined by an urban typology of square, park and promenade, all architecturally defined by 

buildings. Civic buildings are located in these spaces (Kunstler, 1993). NU provides the urban designer with a 

simple, replicable design model. This model is also very useful in the development of the funding modelling for 

any real estate development.  



 27 

 

2.5 Real Estate Planning  

The viability of any property development is determined by specific financial analysis and investment models. 

The first stage of a property development is driven by a comprehensive development study. This has two parts, 

a market analysis and financial planning (Peiser & Frej, 2003). The latter stage is made up of a development 

feasibility study and an understanding of the mechanics of the development contribution.  

 
2.5.1 Market Analysis 

The market analysis is usually divided into two parts, the first being an analysis of the existing market. This looks 

at a region’s demographics, work opportunities and economic future. The second part of the analysis looks at 

the market’s existing real estate history, in particular, residential and commercial sales. For this analysis, past 

records are used to determine which real estate products are liable to do well in a certain area, for example, 

single-storey houses versus apartments. Similarly, commercial real estate products can be usefully divided into 

groups: offices, power centre, retail and mixed use. Deborah L. Brett and Adrienne Schmitz (Brett & Schmitz, 
2009) define a mixed-use real estate development in North America as having three or more revenue-producing 

functions. These usually include retail, office, residential and a hotel component, each of which should be larger 

than 10,000m2. The shape of the development can take a number of forms; one follows a megastructure model 

where the functions are grouped around a single atrium/public space. Another model can link the different 

buildings with above-ground walkways and lobbies; the best-known example of this is the Houston model 

(Mostafavi, 2012). More contemporary examples of mixed-use development take a new urbanist model with 

building uses being broken into a number of ostensibly different buildings, often different façades facing a 

common building floor plate that surrounds a public space designed to look like a civic square. Shops, bars and 
restaurants are located on the ground floor with office and retail above, and underground parking is often 

provided (Talen, 2013).  

The authors also emphasise the importance of master planning the car infrastructure, parking and circulation, 

ensuring a mix of on- and off-street parking, discussing the possibility of shared parking, and ensuring car and 

truck access to all buildings.  

Before planning the mixed-use development, the authors highlight the importance of an analysis of the market 

potential for a mixed-use development. The authors strongly accentuate the importance that each development 
element is able to be an economically stand-alone unit, but also the potential synergy between the different 

buildings’ uses must be considered. The synergy creates a ‘captive use’ plus gives economies of scale from 

shared infrastructure. By understanding these possible synergies, such as residential with retail, the types of 

residential developments can affect what types of retail activities are offered.  However, the authors caution that 

while people may live in a mixed-use development, they will not be the sole customers. Other uses in a mixed-

use development are office, retail and entertainment like restaurant and bars, hotels, movies theatres and 

museums.  Retail in most mixed-use development will be high-end boutique type.  Facilities such as health clubs 

and spas can also be part of the retail mix. The authors now turn to the problems with mixed-use development. 
Firstly, there is the often-high building cost of multiple-use developments. Mixing services like garbage collection, 

loading docks and shared parking can be problematic in mixed-use buildings. Office, retail and residential 

buildings all have different floor plate designs. Retail floor plates are typically 27m deep, with a post and beam 

grid, with columns at 7-9m centres, whereas residential construction is generally 18m deep with load-bearing 

walls and a 4m-grid column grid. Each building use must be able to generate support from outside of the 

development rather than relying just on the internal synergies of the development. Another problem, especially 
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over a long build-out, is that each component will have different market appeal at different times in the real 

estate cycle. And lastly, the development can often be victim of its own success; if a mixed-use project is 

successful, then other developments will locate nearby and copy it, which will ultimately mean a lower return.  

 

2.5.2 Financial Planning  

The second part of a development study is understanding how a development will make an adequate financial 

return. Property developers use a financial feasibly study to understand the costs involved in a property 
development. They are used for three reasons; firstly, to understand the value of a piece of land. By 

understanding the cost involved and the limitations imposed by local government and civic authorities, the 

developer can start to understand how much to pay for a site.  Secondly, the study will be used to determine the 

return on the project; a developer can model different returns under different scenarios. And thirdly, banks and 

other lending institutions can use this information to determine the lending risk of advancing financing. Are the 

assumptions made in the study realistic? Will the development be able to realise the selling programme? Are the 

construction costs realistic? These are important questions that can be addressed in the feasibility study.  There 
are three stages in which a financial feasibly study can be used. At the beginning of the project a low-cost 

appraisal can be made to see whether the developer should go further with the project. If this study is 

favourable, then the developer can move to a more detailed study. This will involve more costs, such as 

preparing a detailed development scheme with consultants and buying or getting an option on the site. The last 

use of a feasibility study is as a monitoring tool during the construction process; the real costs of the 

development can be compared to the study costs, helping to ensure the project is kept to time and within costs.   

 

2.5.3 Development Feasibility Study  
The development feasibility study is, in its simplest form, the value of the completed building – the developments 

costs (the cost of construction, the cost of the finance and all the fees – the land costs = the profit of the 

development).  

The value (profit) on the completion of the project is made up of three components: the rental value, how much 

money will be accruing in the different income streams on the development; the capitalisation rate, that is, the 

net income divided by the cost of the development; and the capital valuation, which is found by multiplying the 

total income by the yield.  
Property developers use a number of ratios to understand the financial costs and returns on a development site. 

The first is Gross Floor Area (GFA). This term refers to the total floor area within the building walls. This term 

includes all the structure and spaces but excludes the roof. The term Net Floor Area (NFA) refers to the GFA 

minus the structural area, while the Usable Floor Area or leasable floor area (LFA) is the NFA minus the 

functional areas and circulation areas, (corridors, atrium and lobby) (BOMA, 2017). The amount of allowable 

GFA on the site is usually regulated by local governments. They often use a ratio known as the Floor Area Ratio 

(FAR). This is the relationship of the building GFA to the area of the building plot. This ratio can be refigured in 

different ways: the typical example is FAR of 1.  This can be a one-storey building occupying 100 percent of the 
site, or a four-storey building occupying 25 percent of the site. If planning authorities wish the building footprint to 

be totally occupied but want to indicate a building height, then the ratio could be 1.5 or 2.0 (Bertaud & 

Brueckner, 2005). 

The building costs can be divided into different components according to the type of building, i.e., office buildings 

and retail have different costs against them; external works, roads, landscaping infrastructure are separate 

costs, as are the professional fees; architect, lawyer and QS are initially lumped together in one sum. A 
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contingency sum on the building cost should be allowed for. If the development is to be leased, then letting fees 

are calculated as a percentage of the rentable value. Selling the development will incur sales, advertising and 

marketing fees. Finally, the developer’s profit margin is normally calculated at an average of 20 percent.  

There are a number of approaches to understanding the surplus of the development project. Dr. Tim Harvard, 

author of a number of property development text books (Havard, 2014 ), characterises these as the traditional 

residual approach, the accumulative cash flow (ACF) approach, and the discounted cash flow (DCF) approach. 

These models look at the income and costs of a project projected into monthly segments over the time period of 
the development. ACF takes the estimated monthly interest plus the total expenditure at the end of the project, 

i.e., when the project is sold, to determine whether profit has been made; DCF does the same thing but 

discounts the amount by projecting the cost in present-day terms via a discount at an agreed rate. 

These studies can be accomplished using a conventional Excel spreadsheet. There are also a number of 

proprietary software models that are custombuilt to do this work, for example, Argus Developer (Argus) and 

Estate Master (Altus).   

 
2.5.4 Development Contribution 

Most property developments attract a levy on the development by the local consenting authorities to pay for a 

range of services: a development contribution. The amount of the levy will change according to the different 

kinds of development and the different locations; for instance, a subdivision on a greenfield site will attract a 

greater level of development contribution because of the need for new infrastructure, roads, power, water and 

sewage, whereas a small inner-city development will be able to plug into the existing urban infrastructure.  

One solution that has been used by Western civic authorities is a manipulation of the control of the allowable 

FAR of an individual building (the allowable FAR of a building is usually set by civic agencies). While a building 
developer usually pays a contribution to the city authorities to help with the development of civic infrastructure, 

parks and public art works as part of the normal building process, some cities have made a decision to 

deliberately trade an increase in the allowable FAR for a building site, thus increasing the profit for the 

developer, in exchange for an increase in development contribution. An example of a city that has used the 

manipulation of a site’s FAR to ensure a greater developer contribution is Vancouver. The particular urban form 

that Vancouver has adopted over the last 20 years for the CBD is a tall, skinny, apartment tower with a large 

podium that fills a city block and offers a range of street-edge activating experiences.  
The payment for community benefits is derived from the allowance for extra building height (and the associated 

extra profit for the developer) (Vancouver Planning and Development Services, 2014). The extra height for the 

building is governed through the mechanism of the Community Amenity Contribution (Gray, 2012). Vancouver 

has married a typical and widespread planning mechanism, the developer contribution, to a special urban form, 

the tall, skinny, high-rise building, making an urban virtue out of a development necessity and, at the same time, 

deriving considerable social amenities.  

 

2.6 Real Estate Waterfront Planning 
This section looks at the financial mechanics of the typal waterfront development with a study of the typical steps 

in a waterfront development programme and two development studies of small-scale American waterfronts. The 

section concludes with a study of four large and famous waterfronts, and discusses the issues around the 

financing of such large developments.   
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2.7 Mixed-Use Waterfront Development 

Because of the highly public nature of many waterfront developments, the typical mixed-use development 

process as outlined by Brett and Schmitz has to be joined by highly developed political skills of the development 

team.  American waterfront development expert Professor Barry Hersh (Hersh, 2012) details the steps in a 

development strategy to ensure successful waterfront development. The first is developing an effective and 

efficient team, with competent leadership in a developer/political agency that can drive the project forward in 

association with a multidisciplinary team of professionals and consultants well versed in all the various aspects 
of the waterfront development business. The second stage in the project is developing an understanding of what 

approvals and consent will be needed as part of the development process. This means understanding that 

developing a process to speedily gain all necessary approvals is the key objective of a waterfront project. Hersh 

commends the importance of building and maintaining momentum on a waterfront project, and that 

understanding and advancing the necessary approval process is an important part of this development. A critical 

part of winning approvals is engaging in a meaningful way with affected stakeholders. Hersh emphasises the 

importance of not underestimating this part of the process, no matter how beneficial the project is to the 
community.  

Not only are waterfront projects highly public, the sites are often very expensive to develop.  

Hersh details a number of American examples where the role of public agencies in assuming a large part of the 

financial responsibility of the development is critical. Hersh characterises a typical financing package for 

waterfront development as comprising four elements: equity for initial development costs and site purchase; 

loans for construction; a permanent mortgage on completion; and mezzanine financing. Hersh details specific 

American public financing opportunities to help in the financing of waterfront development. The Environmental 

Protection Agency (EPA) provides grants to carry out the environmental assessment of a site. Another American 
government organisation, the US Department of Housing and Urban Development, offers loan guarantees for 

the development of brownfield sites.  Government funding is also available for certain kinds of building projects, 

in particular, low-income housing. Tax benefits can also be obtained to help with the costs of environmental 

remediation; there can often be specific federal and state funding for development in recognised coastal zones.  

Simultaneous with assembling a team, obtaining the necessary consents and approvals, and obtaining the 

necessary finance, comes finding and financing an appropriate site.  Hersh outlines three options: the first is the 

traditional development model of seeking to control the property with little or no financial cost but rather 
exercising control through sale and purchase agreements and buying options. The second category is outright 

purchase, an option that developers are traditionally loathe to engage with because of the financial cost 

involved. The third option is to engage with the owner of the land especially if it is a government agency in a 

joint-venture partnership. There can be a downside to this arrangement with possible conflict of interest between 

the social benefits that a government agency will expect in a development, such as the provision of new open 

space, environmental remediation, and affordable housing, versus the developer’s desire for a profitable 

investment.  

 
2.7.1 Waterfront Studies - Clearwater and St Petersburg 

These are two case study investigations carried out by the Urban Land Institute (ULI) Advisory Services Panel in 

2014 help to demonstrate some of the ways in which the property industry approaches contemporary waterfront 

development.  The investigations on the Florida coast, at Clearwater and St Petersburg, clearly illustrate the 

processes where an urban waterfront can be developed within a clearly defined technical design and financial 

model.  The city of Clearwater, Florida, USA, invited the Urban Land Institute Advisory Services Panel to visit 
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Clearwater to think about and advise the city on how the downtown waterfront might continue to grow and 

develop (ULIASP, 2014).  

Clearwater is a city located in Pinellas County, Florida, USA, nearly due west of Tampa and northwest of St. 

Petersburg. To the west of Clearwater lies the Gulf of Mexico and to the east lies Tampa Bay. As of the 2010 

census, the city had a population of 107,685.  It is the county seat of Pinellas County.  Clearwater is the smallest 

of the three principal cities in the Tampa-St. Petersburg-Clearwater metropolitan area, most commonly referred 

to as the Tampa Bay Area. (ULIASP, 2014 pg 7) 
The panel looked at three zones in the city centre; the waterfront, the bluff, and downtown; carried out a 

comprehensive study of the existing waterfront; and made a series of recommendations. The first 

recommendation was to brand the city a ’boating capital of the region’. The panel believed that establishing a 

boating infrastructure on the waterfront, which included expanding the existing marina, providing fuel and 

storage facilities, providing recreational boating services such as kayaks, paddle boats and jet ski rentals, would 

be a good way to build a brand for Clearwater’s waterfront. Ensuring that the marine environment of Clearwater 

is ecologically healthy was also seen as an essential concurrent commitment by the city to echo the city’s name. 
Connecting the city via the waterfront to other waterfronts and urban locations is the next step in the expansion 

of the Clearwater waterfront.  The panel suggested three strategies to accomplish this: creating a water taxi 

service across the harbour to the Clearwater beach and other stops along the waterfront, connecting the 

waterfront to other activities on the littoral with a sea-edge promenade, and connecting the waterfront to the city 

with night-time attractions such as waterfront restaurants. 

 

In 2014, the city of St Petersburg, Florida, USA, invited the Urban Land Institute Advisory Services Panel to visit 

the city to advise on how the waterfront might continue to grow and develop (ULIASP, 2013).  
St Petersburg, FLA, is located in Pinellas County, with the Gulf of Mexico to the west and Tampa Bay to the 

east. The city of St. Petersburg is Florida’s fourth-largest city and the Tampa Bay region’s second largest. The 

population of St. Petersburg comprises 247,000. The panel’s study area is the generally continuous seven-mile 

public waterfront, beginning in the north with the Northeast Exchange Club and ending in the south at Lessing 

Park at 22nd Avenue South. (ULIASP, 2013) 

The ULIASP panel divided the waterfront into three zones: North, Central and South.  The north zone already 

has a mature park/public space along the water’s edge, connecting the suburban hinterland to the sea in a 
traditional yet pleasant manner. The panel’s comments on the potential of this zone were limited to 

recommendations that the city monitored design adjustments and rehabilitated tired park infrastructure. The 

central zone presented a more traditional waterfront where the downtown abutted the seafront. St Petersburg 

was established in the 19th century as a pleasant seaside town and not as an industrial port.  The design 

recommendation was based on connecting the CBD to the 19th-century pier through the provision of street cars 

(trams) and reinventing the promenade/boulevard, Bay Side Drive, as a shared space, making this important 

promenade a more pedestrian-/cyclist-friendly area. The existing pier has a number of car parks, which the panel 

recommended be removed and turned into public spaces. An existing park was recommended to be transformed 
into a multi-purpose zone accommodating community activities and able to be actively programmed. The 

provision of a museum was also mooted. The southern zone, the Bayboro harbour, is probably the one area with 

the least public connections to the water, with a large airfield, a water reclamation plant, and the Coast Guard 

and National Guard ringing the Bayboro harbour. Nevertheless, the panel recommended the adjacent existing 

hospital and university form a Health, Education and Research hub that expanded to the edge of harbour, 
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replacing the reclamation plant and coastguard centre, and by establishing a north-south tram line, linking the 

hub with downtown. While these two case studies are limited, we can extrapolate some common design themes. 

In the Clearwater study, a number of generic waterfront development ideas are developed. First was the idea of 

re-branding the waterfront with a particular character, in this case as a boating hub, which then drives the 

direction of the commercial development.  

The provision of a waterfront esplanade, or promenade along the water’s edge is also a necessity to ensure the 

success of a new entertainment zone to draw people from the existing downtown to the new waterfront.  
In the St Petersburg study, the design themes that have emerged from the report are the preservation of the 

traditional waterfront park structure and the transformation of existing sites on the waterfront such as parking into 

public spaces. The uses of event programming to transform existing parks into multi-use community assets, and 

the use of a street car network to link areas of the CBD with each other and to the waterfront suggest the use of 

a larger infrastructure, both public transport and social, to draw people to the new waterfront.  

 

The ULIASP put forward a number of suggestions for financing the suggested design improvement in St 
Petersburg. The ULI panel suggested firstly the establishment of a Downtown Waterfront Enterprise Fund. A mix 

of revenue from tax and revenue streams could finance the fund. Tax revenue could come from town tax 

increment financing (TIF) with the projected 2013–2025 development activity. The panel commented that the 

downtown and waterfront areas have a growing tax base with new developments. The panel recommended that 

the TIF contribution be used for a number of the design recommendations, both large and small. Extending and 

connecting downtown to the waterfront meets many of the design recommendations that come with the 

associated increase in events and parking revenue. Another development strategy that the panel recommended 

was the formation of a Downtown Business Improvement District (BID). The panel pointed to the success of this 
strategy in urban developments in Downtown Pasadena, Santa Monica and the Waikiki area of Honolulu. 

Funding for this organisation comes from business contributions.  

 

The conclusion from both these studies seems to be that reliance on private investment to solely fund waterfront 

developments is tenuous and public contribution to the development programme is essential. These conclusions 

are born out in a study on the financing of four famous North American and UK waterfront redevelopment 

projects. 
 

2.7.2 Waterfront Financing Case Studies; Battery Park, London Docklands, Charlestown 2.5.3 Navy Yard, 

Harbourfront. 

Turning to four very large-scale waterfront development in North America and Europe in the 1980s and early 

90s, the importance of public financing in the construction of these new projects is even more stark (Gordon & 

David, 1997). Four famous waterfront redevelopment projects, Battery Park City, a 37ha development next to the 

World Trade Centre in lower Manhattan; the London Docklands, a 2226ha site from the City to the East End; the 

Charlestown Navy Yard, a 42.5ha project located opposite Boston's downtown waterfront; and Harbourfront, a 
37ha site on the western half of Toronto's waterfront; were initiated and funded by specifically formed 

development agencies that were solely funded by the public sector.  Initiating an urban waterfront project needs 

large capital financing up front; in three of the projects national and local government bought the sites.  

The entire infrastructure for the development, waterfront facilities, roads, services and parks, was also designed 

and financed by specially constituted waterfront development agencies. The agencies also had to stabilise many 

of the sites that were contaminated with industrial pollution. Once this structure – the purchase of the site, the 
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installation of infrastructure, the site remediation and the marketing – was in place, the development agencies 

then went to the market to try and find private investors. The agencies marketed the sites by promoting their 

location, close to the CBD, with new public spaces, connection to the water and sometimes the presence of 

heritage buildings. The agencies used specific real estate techniques. These included market analysis, asset 

management, requests for proposals (RFPs). Waterfront agencies used these techniques to both attract private 

investment and to pay back the large public subsidies that were used to start these development projects in the 

first place.  
The job of attracting private investments to these projects (while ultimately successful in all four examples), was 

a fraught process that was dependent on a large number of factors out of the control of the development 

agencies, of which the most important was the development cycle. When the private developers invested their 

money, and when they built the projects in the development cycle, would determine whether the development 

would make a return.  Even the most famous 1980s waterfront development, Canary Wharf, was caught in the 

1990s recession, and developers Olympia and York had to declare bankruptcy (Chinmoy Ghosh & Guttery, 

1994).  
 

Professor Gordon (Gordon & David, 1997) concludes the study with an investigation into whether these flagship 

waterfront projects could be mounted as conventional private real estate investments.  The author uses a 

discounted cash flow analysis to show that the waterfront projects studied needed heavy and continuing financial 

support from public investment.  The authors (Gordon & David, 1997) found that all of the waterfront agencies 

needed capital to buy land, to clear sites and to provide infrastructure. All these required a large front-end 

investment which private capital was unable to provide.  The income from the investment was conversely slow to 

arrive and extremely dependent on the boom-bust real estate cycle. The study found that “Annual property 
revenue did not exceed even 20 percent of the redevelopment authorities' gross annual expenditures until many 

years after the start-up capital had been invested.” (Gordon & David, 1997) pg. 250 

 

2.8 Waterfront Planning: Summary and Discussion 

Summary  

This chapter has canvassed the history and contemporary shape of waterfront development. The investigation 

has examined 11 examples of waterfront development in Europe, America and the Middle East, from what is 
considered the first waterfront project, the Baltimore Inner Harbour, initiated in the late 1970s, to The Wharf in 

Washington DC, designed in 2018. The conclusion reached is that regardless of place and time, almost all 

waterfront developments share a similar urban/architectural programme.  

Two dominant themes emerge. The first is the importance of a knowable development formula, and the second 

is the importance of public financing.  

The first component of a waterfront development is the public financing of a public promenade, an entertainment 

zone along the water’s edge. This is marketed as a drawcard to attract visitors and citizens to visit the new 

location and enjoy the new public realm. Once the public infrastructure is in place, the private investment is built 
around the public space. This can be retail, commercial or residential. The use can be modelled and analysed to 

find the best fit according to the real estate cycle. The buildings are consciously designed as mixed use, with 

retail activities on the ground floor, and residential and/or commercial above.  

The urban form used for planning the development is based on the ideas of the New Urbanist movement.  The 

buildings occupy a grid-like master plan (either existing or new) that brings new customers and residents to the 

waterfront and to the new building programme.  Public transport, often a new tram network, is often provided to 
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help in the connection of people to the waterfront. This particular urban model emphasises the centrality of 

public space to make a city or town meaningful to its citizens. The model promotes the importance of the 

neighbourhood, a mixed-use area with retail, commercial and residential uses, both within the same building and 

within an area. Residents can gain access to all the new urban amenities by walking or taking public transport.  

The research investigation has shown that this particular urban master plan is intimately connected to a real 

estate development programme. The contemporary waterfront master plan can be financially modelled and 

analysed using the twin tools of the GFA and FAR to find the best fit according to the real estate cycle.  In a 
similar way, the building programme is also consciously designed to maximise financial return through a 

manipulation of the building uses, for example, mixed use, with retail activities on the ground floor, and 

residential and/or commercial above. The result is a highly successful urban master plan, both socially and 

financially.  
 

Discussion  

The waterfront model is a densely built, highly impervious urban form.  Buildings, roads and public spaces are 
generally composed of hard urban surfaces. This preponderance of impervious surfaces gives rise to stormwater 

contamination, as stormwater picks up contaminants from these surfaces.  In a similar way, urban flooding 

increases after sudden storm events as there is nowhere for the water to be absorbed. Lastly, the increase in 

hard urban surfaces does nothing to mitigate the urban heat island effect. These problems have, for the large 

part, been successfully concealed in many waterfront developments; however, with the growing impact of 

climate change, these conditions will become impossible to disguise.  

 

 
The next chapter is a discussion of these environmental issues there, the different measures that are available 

to remediate these conditions and examples of both the condition and remediation measures for a waterfront site  
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Chapter Three 
Waterfront problems and solutions  
 
3.1 Introduction 

Many waterfront developments have serious environmental problems. With the arrival of climate change these 

problems are becoming unavoidable.  The four key issues are: 

Stormwater Contamination  
The waterfront is often the end point for the production of contaminated run-off from roads and buildings that is 

collected in a piped infrastructure and discharged into the sea. The discharge of toxins into the marine receiving 

environments has a deleterious effect on marine biota (Schiffa, Baya, & Stransky, 2002) (Kelly, 2010).  

Pluvial Flooding 

Because of the highly impervious nature of the typical waterfront development and the typically flat topography, 

the existing stormwater infrastructure can often be overwhelmed by sudden storm events. This causes surface 

flooding to varying levels of intensity (Houston et al., 2011). 
Coastal Flooding  

The water’s edge of the typical waterfront development is the most critical part of a waterfront project. This is 

also the location of the main public space, the promenade, and the location of the most valuable real estate. This 

is also the most vulnerable place because it is directly affected by coastal flooding. This condition will be 

exacerbated by the effect of sea-level rise and storm surges (Vitousek et al., 2017). 

Biodiversity  

(Bennett et al., 2013) Historically, waterfronts were industrial working zones with no requirements for public 

space such as parks or for any treatment of pollution.  The soils in these areas are often highly toxic, and any 
vegetation is likely to be adventurous rather than deliberate. The consequences are that industrial waterfronts 

have very low flora or fauna biodiversity. There is a heritage of very poor environmental conditions, poor 

indigenous environments and a high degree of impervious surfaces (Farinha-Marques et al., 2011). 

 

Climate Change 

The four conditions have often been disguised or concealed in many waterfront developments. However, with 

the advent of climate change (Pachauri, 2014), these hitherto acquiescent conditions will become serious and 
enduring problems.  

The increase in storm events will certainly produce more rainfall which will cause the production and discharge 

of contaminated stormwater into the urban littoral. Increasing numbers of storm events will overwhelm existing 

stormwater infrastructure, causing urban flooding. The increase in sea warming is a well-known consequence of 

climate change and will produce sea-level rises and storm surges that will directly affect the viability of the typical 

waterfront edge. The increase in temperature will also increase the urban heat island effect; the tendency of 

cities is to be several degrees warmer than the hinterland.  

 
This chapter describes the genesis of these four specific environmental problems. The chapter then goes on to 

discuss the specific practices that can be used to ameliorate the four highlighted environmental problems: 

stormwater pollution, flooding, both pluvial and coastal, and increasing heat island / decreasing biodiversity. The 

four headings are used as a structure to lay out the problem, suggest a series of remedial practices 

accompanied by a critique, and give examples of how these remedial practices can work in an urban/waterfront 

site. 
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3.2 Stormwater 

The construction of an urban development – the typical residential, commercial and industrial building and 

infrastructure – results in the removal of vegetation and the amendment of the natural topography and soil 

structure, which leads to a disruption of the natural hydrological system of the development zone.  

Rainfall is no longer absorbed into the vegetation or the open ground, instead it is deterred by the new 

impervious surfaces of the city. Roads, pavements and buildings all contribute to increasing water run-off into 

adjacent water bodies, the receiving environment (Liu, Goonetilleke, & Egodawatta, 2015). 
The increase in impervious surfaces has two effects on the native hydrological system. The first is an increase in 

the volume of rain not absorbed by the ground, and the second is the transformation of streams and rivers into 

artificially enclosed drainage systems of pipes and channels that are designed to smooth the progress of water 

through the network (D. Boyd et al., 1993). These two conditions, the volume and the speed of run-off, have the 

effect of increasing the discharge of water within a shorter amount of time. These two factors also have an effect 

on increasing the speed and the height at which the run-off volume will peak. The quickness or ‘flashy’ nature of 

peak flow run-off has a deleterious effect on the receiving environment, with flooding and damage to the littoral 
at the discharge point of the run-off. The last effect of increased urbanisation on the native hydrology is the 

shortness of time it takes to reach peak flow (Shuster, Bonta, Thurston, Warnemuende, & Smith, 2005).   

The other effect of an increase in impervious surfaces is the increase in contaminated stormwater. There are a 

number of urban activities that generate the pollution of urban stormwater. These include contamination from 

paved and road surfaces, construction processes in the building industry such as the removal of topsoil as 

preparation for the construction, and the debris and particles from different kinds of building materials. This leads 

to the contamination of stormwater with suspended solids. The effect of the contamination on the receiving 

environment is a smothering of the flora and fauna in the littoral zone with the suspended particles, and a 
reduction in water transparency (Chester & Gibbons, 1996).  

Different industrial processes contribute to the different pollutants from direct sources and from processes. 

Methods of storing finished and unfinished industrial products can cause contaminated run-off to enter the 

stormwater system as well as the more obvious sources like waste generated from industrial processes and 

emissions.  

Roof and gutter corrosion leads to run-off becoming contaminated by corroded materials. This causes both 

toxicants and suspended solids to enter the water system. Incorrect waste disposal practices, leaks from existing 
sewer systems, and chemical spills on impervious surfaces all contribute to run-off contamination. Vegetative 

waste can also cause stormwater contamination; leaf litter and bark can contribute to a heightened organic 

carbon load. The effect of this condition is to decrease the presence of oxygen in the water. This can lead to 

smells in the receiving water. Organic carbon can also combine with other particulates and toxicants (Balloa, 

Liua, Houb, & Changa, 2009). 

The sources of contamination effects not only the quality of the run-off but also the way in which contamination 

occurs. This phenomenon is referred to as build-up and brush-off pollution. The build-up of pollutants on urban 

surfaces is related to specific urban conditions: the amount and form of the impervious surface; and the weather, 
especially the duration of dry periods. The brush-off phase refers to movement of pollutants from the surface to 

the receiving environment via the stormwater process.  

All these pollutants contribute to the contamination of the receiving environment, leading to a loss of native flora 

and fauna in the adjacent water bodies – the sea, lakes and rivers – resulting in a loss of marine biodiversity 

(Schiffa et al., 2002). 
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3.2.1 Structural Stormwater Remediation Theory 

Waterfront sites have specific issues that distinguish them from more typical development site. There is usually a 

lack of any pervious surfaces to absorb rainfall, thus the large area of impervious surface is responsible for the 

production of contaminated stormwater. However, the problem of stormwater contamination is not just limited to 

the waterfront site. In many cases stormwater is collected from a larger urban catchment and discharged at the 

edge of waterfront site. The waterfront authorities have often little control over the production of contaminated 

stormwater from the larger catchment.  
The result is that untreated stormwater, and sometimes sewage, is discharged on the waterfront edge. There are 

a number of implications of this pollution for the receiving environment; the most common is the build-up of 

contaminated sediment around the discharge point. This sediment has a deleterious effect on marine biota; 

numerous studies have shown deterioration in the life and quality of shellfish populations and native aquatic 

flora. (D.  Boyd et al., 2001; Bright, 2010; T. L. C. Moore & Hunt, 2012).  

 

3.2.2 Structural Stormwater Remediation Practice 
Introduction 

The problems with the contamination of the waterfront receiving environments from urban stormwater are well 

known. Techniques for the remediation of these problems are also well rehearsed. The two practices that 

respond to this problem are structural and non-structural stormwater design. Structural stormwater design is 

concerned with the way in which design interventions such as swales, green roofs, rain gardens and wetlands 

along a stormwater treatment train can lead to a remediation of contaminated stormwater. Non-structural 

stormwater design is interested in a more holistic understanding of how stormwater is produced within a 

catchment, and the effects of urban design on the remediation process. LIUDD, (M. van Roon & van Roon, 
2009) is a good example of a non-structural stormwater design methodology.   

 

3.2.3 Structural Stormwater Design 

From 1988 to 2018  there have been a number of environmental initiatives, uniting different disciplines such as 

ecologists, engineers, landscape architects and urban designers, to develop methods to increase the ability of 

cities to treat stormwater pollution (Ferguson, 1998).  These techniques are known by different acronyms, low 

impact design (LID) in Australasia and Sustainable Urban Design (SUD) in the UK (Fletcher & et.al, 2015). What 
characterises this research is the emphasis on small-scale, local techniques that are applicable for both 

greenfield developments and existing cities.  The measures are conceptualised as interventions in the typical 

journey of stormwater from its genesis as it first falls on an urban surface, roof, pavement or road, to its eventual 

discharge into an adjacent water body: river, harbour or lake.  The task of a structural stormwater design is to 

retard, retain and clean this water through a series of small-scale measures which form a ‘treatment train’ 

(National Research Council, 2009). 

 

There are a number of devices and structural interventions that make use of natural systems to both improve 
stormwater quality and attenuate stormwater flow.  These devices are hybrid procedures, a combination of 

conventional architecture or urban construction such as roofs, pavements, curbs, parks and landscapes; and 

meadows, wetlands and stream margins.  

Roofs are an important starting point in the treatment train. A green roof is a layer of vegetation in a growing 

medium on top of a waterproof roof structure. This is used to minimise run-off from conventional roof surfaces 

such as metal or rubber. A green roof can help to delay and reduce the run-off from a storm event by absorbing 
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the first part of the rainfall. This helps to detain part of the volume of water that would have been treated by a 

conventional stormwater system. The green roof can also help to remove contaminants in rainwater. Metal roofs, 

especially zinc and copper, contribute polluting metals into the stormwater train. By using a green roof this 

pollution is avoided (Carter & Rasmussen, 2006).  

Water quality can also be improved by using buffer strips, which work by using vegetation to filter out pollutants 

and the soil mix then binds contaminants (Cantor, 2008). Buffer strips are usually grassed areas adjacent to 

impervious surfaces, typically roads and car parks over which run-off will travel. Buffer strips are effective at 
removing sediment and some pollutants. Another technique to help detain and filter stormwater is the use of 

swales. They work like a conventional curb and channel system, conveying water away from a road or parking 

area but use an open, vegetated channel.  The vegetation acts in two ways, one, to attenuate the flow of 

stormwater; the other, to remove a variety of pollutants and trap sediments (A. P. Davis, Stagge, Jamil, & Kim, 

2012). Bio retention systems or rain gardens are also used to treat contaminated run-off from roads and car 

parks. They actively treat stormwater in situ by filtering the run-off through vegetation and fine media layers 

within one location. The effect is to slow down run-off flow and to improve stormwater quality (Roy-Poirier, 2010). 
The vegetation layer acts to remove larger sediment while the below-ground layers trap certain pollutants.  

Larger-scaled pond or wetlands are usually placed at the end of the treatment train. These act as the last resort 

before the stormwater hits the receiving environment. Constructed ponds are dammed water bodies with a low 

range of water-level movement and marginal vegetation. Ponds help trap sediments and pollutants in silt layers 

(T. L. C. Moore & Hunt, 2012). Ponds are also able to uptake some pollutants through phytoplankton. 

Constructed wetlands are contained shallow-water systems that regularly fill and empty with aquatic vegetation 

(Malaviya & Singh, 2012). Wetlands trap sediments and pollutants and the vegetation helps to uptake dissolved 

pollutants (Wong, 2006). 
Recent research on the efficacies of constructed wetlands has investigated some of the ways in which wetlands 

can treat road run-off and sewage, as well as their performance under the new conditions of climate change.   

Constructed wetlands are a common way to remediate petrochemical pollutant from roads. The wash-off of 

heavy metals from car-produced pollution is particularly damaging to surrounding ecosystems (Gill, Ring, 

Higgins, Neil, & Johnston, 2017).The use of constructed wetlands to prevent road wash-off and the associated 

petrochemical pollutants from entering streams is a widespread technique to prevent damage to water 

biodiversity.  
 

As the pollutants move through the water body of the wetland, the pollutants are extracted through a number of 

means such as sedimentation, heavy pollutant particles sinking to the bottom of the wetland, and evaporation. 

Pollutants are also filtered and absorbed through biological processes that are encouraged by plants in the 

wetland and the associated microorganisms. These specific processes are phytro extraction, which is the way 

pollutants can build up within plant tissues, and phytro stabilisation, which is the way pollutants can be stabilised 

within the soil structure.  

However, the efficacy of the ways which wetlands actually remove harmful heavy metals from the environment 
has been questioned.  L.W. Gill et al. (Gill et al., 2017) looked at a number of studies and found that 

sedimentation seems to be the most efficient process to help in the negation of heavy metal pollution. The ability 

of plants to efficiently uptake heavy metals seems, at best, limited. However, the authors suggested that over 

time heavy metal accumulation within the pond can be linked with the production of natural organic matter 

(NOM) from the plants in the wetland.  
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Urban stormwater often contains nitrogen from sewage. Many inner-city piped drainage systems still carry 

stormwater and wastewater.  Even if stormwater and sewage have been separated into different piped systems, 

there can still be sewage overflows into stormwater systems. The results of excess nitrogen getting into the 

recovering environment, whether seawater or freshwater, can affect the biodiversity of the receiving ecosystem 

through hypoxia, acidification and eutrophication. Constructed wetlands can be used to treat nitrogen within 

stormwater run-off  (Vymazal, 2007).  However, the conventional wetland pond is unable to remove all forms of 

nitrogen. Only a wetland process that provides aerobic and anaerobic conditions will be able to accomplish this 
goal. Jan Viminal (Vymazal, 2007) puts forward four constructed wetland models to address this specific issue. 

These are: the constructed wetland with floating plants (CWFFP), the constructed wetland with free-flowing 

water and planted macrophytes (CWFWS), the constructed wetland with horizontal surface flow (CWHSSF) (a 

swale), and the constructed wetland with vertical surface flow (CWVSSF) (or what we might call a rain garden). 

The author notes that each of these process modes can remove certain types of nitrogen. For example, rain 

gardens can remove ammonia but cannot denitrify, whereas swales are good at denitrification. Vymazal argues 

that to comprehensibly remove or rehabilitate nitrogen in stormwater, a hybrid wetland system should be 
constructed that incorporates different treatment systems. 

 

Climate change will not only cause an increase in the number of storm events leading to an increase in 

stormwater and flooding, it will also cause an increase in the pollutants in stormwater. In a recent study of urban 

road run-off in Queensland, Mahbub et al. (Mahbub, Goonetilleke, Ayoko, & Egodawatta, 2011) found that 

increasing rainfall, longer rainfall and more intense rainfall will cause an increase in run-off of car-related 

pollutants into estuaries and the marine receiving environment. The authors identify a number of pollutants from 

cars: heavy metals, total petroleum, hydrocarbons, and polycyclic aromatic hydrocarbons. The authors are 
particularly interested in volatile organics such as benzene, toluene, ethylbenzene and xylene. These pollutants 

are specific products of exhaust, brakes and oils. The study simulated the heightened rainfall that will occur 

under climate change on a selection of Gold Coast urban streets. The study found that there would be an 

increase in the wash-off of some of the volatile organics. The carrier of these compounds was Total Organic 

Carbon (TOC). The majority of TOC is found in natural organic matter (NOM), the detritus of plants and animals 

and their waste products. To remediate this condition, targeting the carriers of the TOC particles would be most 

effective (Mahbub et al., 2011).  
 

3.2.4 Stormwater Modelling  

The amount of run-off from the catchment and the size of the remediation or detention devices required to 

remediate or alleviate the effect of excessive run-off due to impervious surfaces can be modelled using a 

number of software programmes. Some programmes are more suitable as conceptual design tools for the study 

of how an urban stormwater management regime could be integrated into the urban landscape, rather than for 

more specific hydrological analysis.  

Certain software can be used to model water and pollutant run-off, transport and routing. This data is important 
in assessing future land-use policies. Large-scale catchment modelling can be used for assessing regional water 

quality and pollutant loads and for assessing broad-scale management actions. More specific programmes can 

be used to model the performance of conventional and innovative water supply, stormwater and wastewater 

provisions. These programmes are useful for measuring the impact that innovative water service regimes can 

have on various urban development options. Programmes can be specifically designed to determine water 

quality and to demonstrate how a range of stormwater treatment measures will operate. Remediatory regimes 
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for stormwater cleaning and flood prevention can then be modelled. Other programmes can be used to size 

stormwater infiltration systems, and to help in the design of rainwater tanks, grass swales and bio-retention 

systems.  

 

McAlister et al. (McAlister, Mitchell, Fletcher, & Phillips, 2006) describe and evaluate six rainfall-run-off models. 

XP-SWMM (Phillips, Yu, Thompson, & de Silva, 2005) is a model for assessing the performance of conventional 

and innovative water supply, stormwater and wastewater provisions. The authors suggest that the model is 
useful for measuring the impact that innovative water service regimes can have on various urban development 

options.  MUSIC (Dotto et al., 2010; T. Wong, Fletcher, Duncan, Coleman, & Jenkins, 2002) is a model 

specifically designed to determine water quality and to determine how a range of stormwater treatment 

measures will operate. The authors suggest that this programme should be used as conceptual design tool 

rather than a more specific hydrological analysis, or any study of how an urban stormwater management regime 

could be integrated into the urban landscape.  XP-AQUALM (Dotto et al., 2010) is a model that will generate 

both water and pollutant run-off, transport and routing. The authors (Dotto et al., 2010) suggest an important use 
for this model is for assessing future land-use policies. E2 is software useful for large-scale catchment modelling; 

the authors suggest that the model is best used for assessing regional water quality, pollutant loads, and for 

assessing broad-scale management actions.  

Remediatory regimes for stormwater cleaning and flood prevention can be modelled after analysis. SWITCH is a 

model to size stormwater infiltration systems, which has been expanded to help in the design of rainwater tanks, 

grass swales and bio retention systems. Elliot and Trowsdale (Elliott & Trowsdale, 2007) discuss the ability of 10 

programmes to model stormwater remediation devices.  They found that WBM was able to model the effect of 

green roofs; MOUSE, MUSIC P8 SLAMM StormTac, SWM and WBM were able to model the effect of swales; 
MUSIC and WBM, the effect of bio retention devices. MOUSE, MUSIC P8 RUNEQUAL SLAMM StormTac, 

SWM UVQ and WBM can model the effect of ponds and wetlands.  

There are also a number of simple mathematical formulae that can determine the amount of run-off within a 

catchment. The Rational Method is a commonly used mathematical equation to calculate the maximum value of 

flood run-off from a small catchment. This is a formula that relates the intensity of rainfall, the area of the 

catchment and the consequent run-off (Thompson, 2007). 
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Rainfall intensity is the relationship between four conditions: the geographic location of the catchment, storm 

duration, storm intensity, and storm return interval. This figure has already been calculated for a number of 

geographical locations and has been developed into readily classifiable formulae on the internet. For example, in 

New Zealand, the National Institute of Water and Atmospheric Research (NIWA) has developed an online 
calculator for any New Zealand location. There are also a number of online tools to help with this calculation 

(LMNO Engineering Research and Software, 2015).  

 

Stormwater Treatment Device Design in Auckland  

The design and sizing of stormwater treatment devices in Auckland was first considered in the publication, 

Technical Publication #10, “Stormwater Treatment Devices Design Guideline Manual”, published by the 

Auckland Regional Council in 1992. It was updated in 2003 as the Stormwater Management Devices Design 
Manual (Auckland Council, 2003) and has been recently updated as Auckland Council guideline document, 

GD2017/001 (Cunningham et al., 2017). The Design Manual presents the problem of stormwater run-off and 

how it becomes contaminated. The document puts in place the conceptual structure for treating stormwater and 

technical advice on choosing the most appropriate stormwater management device. The remaining chapters 

detail the design and performance of the devices, green roofs, ponds, wetlands, rain garden and swales. The 

manual should be read in association with Technical Publication #108, “Guidelines for Stormwater Runoff 

Modelling in the Auckland Region”  (ARC, 1999). This document refers to the mechanics of stormwater 

modelling, especially how to understand both water quality and detention volume.  
 

 

 

 

 

 

 

The Rational Method Equation Q = CuCiA 

where: 

Q = design discharge (L3/T), 
Cu = units’ conversion coefficient, 

C = run-off coefficient (dimensionless), 

i = design rainfall intensity (L/T), and 

A = watershed drainage area (L2). 

The units’ conversion coefficient, 3 Cu, is necessary because the iA product, while it has units of L3/T, is 

not a standard unit in the traditional units’ system. 

C = Run-off coefficient  
The run-off coefficient is the fraction of the rainfall that is converted to run-off, that is, the rainfall that is not 

absorbed into the ground. The run-off coefficients of different ground conditions can be found in a number 

of commonly available tables. This figure can be manipulated by increasing the permeable surface 

through the provision of new public spaces like parks, and by decreasing building footprints. 

i = Design rainfall intensity (L/T) 
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3.2.5 Structural Stormwater Remediation Challenges 

Structural stormwater remediation systems have a number of challenges and limitations which are discussed in 

this section. Research into structural stormwater design has moved broadly in four stages. The traditional 

method to deal with S/W is a piped S/W network that is directed straight to a natural watercourse, (stream, river, 

lake, the sea). The next development is to direct the discharge to a constructed wetland at the end of the pipe 

before the water is discharged into the receiving environment. The third stage of research promotes a series of 
minor, small-scale, local interventions – the green roof, the rain tank, the swale, the rain garden – within a house 

property or in a street.  

The latest thinking on the remediation of stormwater (Fassman-Beck, Voyde, & Liao, 2013) is moving from a 

structural stormwater system to WSD (water-sensitive design) system. This move is based on research around 

controlling hydrology from peak events to controlling hydrology from frequently occurring events, in effect, 

controlling the volume of water that is being discharged to the surrounding environment.  

Fassman-Beck et.al. discuss structural stormwater treatment in New Zealand. The authors sketch out the 

historical trajectory of changing attitudes towards ways of protecting the receiving environment (the harbours and 
streams in the Auckland region) from stormwater contamination. Fassman-Beck et.al. demonstrate how previous 

accepted models of stormwater mitigation have focused on a catchment stream/river model under one- to two-

year storm events. Recent research especially in urban areas suggests that the increased stormwater volumes 

from urban areas (with a large percentage of impervious surfaces) will cause an impact to the receiving 

environment every time it rains.  As a consequence of this new research, the authors suggest that in addition to 

the usual mitigation measures, the retention of up to the 90th-95th percentile design storm event is required. 

Rainfall 

Use TP108 Figure A.1 to obtain the rainfall depth associated with the two-year event being studied. 

Stormwater Quality Design Storm, Sd 
Use TP108 Figure A.1 - 2 Year ARI Daily Rainfall Depth 

Find rainfall depth for the site location, 

Sd = rainfall for site / 3 

Run-off Curve Numbers 

Identify the soil type for the site and its associated land cover to select the associated curve number. 

Use TP108 Table 3.3 for Curve Numbers 

Impervious coverage has a curve number of 98. 
Initial Abstraction 

Ia = 5 mm for pervious areas 

Ia = 0 for impervious area 

Calculate storage individually for both the pervious and impervious area 

S = ((1000/CN) -10)25.4 = mm 

calculate separately for pervious and impervious areas 

Run-off depth 

Run-off depth, Q24 = (P24- Ia)2/((P24 - Ia) + S) 
this is done separately for pervious and impervious areas 

Run-off volume 

Run-off volume, V24 = 1000Q24A = m3 
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Fassman-Beck et.al. discuss the implications of this idea. The design (capacity) of conventional LID devices 

such as rain gardens, pervious paving, green roofs, swales and rain tanks has been based on predevelopment 

hydrological conditions. However, these devices are not specifically designed to control the volume or flow of 

water in storm events.  

One of the findings of the study is that controlling and mitigating small, localised and frequently occurring rainfall 

events is critical.  

 
These events actually produce the most urban run-off and generate more pollutants (excepting eroded 

sediment) than large-scale storm events. The response to this challenge by the authors is to suggest a range of 

measures that focus not so much on localised devices around individual suburban houses and gardens and the 

immediate street, but on larger-scale mitigation measures such as water harvesting, evapotranspiration, top soil 

infiltration amendment and canopy interception. Fassman-Beck et.al. discuss the applicability of this research 

finding for the design of stormwater controls, especially for Auckland.  

While this document and others such as Water Sensitive Design for Stormwater (M. Lewis et al., 2015) try their 
hardest to consider the urban realm in the widest possible definition, much of the writing and thinking is 

predicated on a suburban location, essentially houses in gardens, and the wider suburban structure of wide 

streets and parks. This urban structure is loose enough to be retrofitted with stormwater devices or, as in new 

subdivision, to allow for the design of WSUD devices before construction.  

 

Ellis et. al. (Ellis, Revitt, & Lundy, 2012) discuss the development of a planning methodology in England for the 

design of SUDs devices that are based on the definition of a catchment area and site characteristics such as 

gradient, soil types, infiltration and storm event properties.  From this study, the authors suggest that correct 
SUDS devices can be found to address specific issues arising from the study.  However, the authors point out 

that there is a structural problem with combining stormwater pollution remediation and flood control mitigation.  

 

Viavattene and Ellis (Viavattene & Ellis, 2013) discuss the contemporary European problem of increased 

flooding in European cities.  The authors examine the different ways in which computer models can help 

measure the impact of flooding in an inner-city site and the effect of SUDs devices on reducing the impact of 

flooding. Viavattene and Ellis discuss two software models, STORM 2008, a 1-D flow model; and Flood Area, a 
2-D flow model; and how they can be incorporated into a GIS model to demonstrate the spatial consequences of 

surface flooding. Viavattene and Ellis discuss the importance of dimensionally accurate urban mapping to 

ensure the accuracy of the flood mapping.  

Viavattene and Ellis discuss the use of specific software, SUDSOC, that uses a GIS interface to model the 

results of using SUDS devices in a flooding model. The authors explore a case study site in Birmingham; the 

Eastside site, a 170ha site of industrial and commercial buildings that borders the Severn River. Viavattene and 

Ellis take a 12ha study area and then model a 2007 storm event to test both the 1-D and 2-D flood modelling 

software to see what the effect of the flooding will be and the effect SUDSOC software has at modeling the 
number of SUDs interventions and their use on flooding mitigation.  

 

The results are telling; while three proposed interventions, a green roof, an infiltration trench, and porous paving, 

will reduce the overflow discharge volume, it is only by 30 percent. The authors go on to note: “This is a relatively 

modest percentage reduction and the subdued mitigation effects are partially due to the dense urban 

environment, which limits the type of SUDS that could be implemented and the number of potential installation 
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locations within the site.” (pg106) The authors discuss the efficacy of green roofs and note that while a green 

roof will retain up to 20 percent of rainfall for up to 30 minutes in the first storm peak flow, thereafter the efficacy 

of green roofs in retarding storm flow is questionable (Viavattene & Ellis, 2013). 

 

The place of green roofs in the stormwater treatment train is further questioned in an Australian study into 

retrofitting CBD office buildings with green roofs. In the paper, “Green roof retrofit potential in the central 

business district" (Wilkinson & Reed, 2009), the author develops a methodology to assess the suitability of 
existing buildings in Australian CBDs to be retrofitted with a green roof. Wilkinson’s methodology is predicated 

on the following factors: “the proposition of the building; location; orientation of the roof; height above ground; 

pitch; weight limitations of the building; preferred planting; sustainability of components; and levels of 

maintenance” (pg 285). 

The orientation of the roof is also a critical factor; does the roof get overshadowed by other buildings thus 

inhibiting plant growth? The author undertakes a desk-top study of the Melbourne CBD and finds that only 15 

percent of all building stock have the possibility of being retrofitted with green roofs. The findings are rather 
dispiriting for advocates of green roofs in existing, dense urban CBDs (Wilkinson & Reed, 2009). 

 

In a study of the installation of a green roof for a building in the University of Canterbury, Christchurch, New 

Zealand, the authors (Claridge & Edwards, 2012) suggest that the key limiting factor for the installation of green 

roofs is the structural ability of a building to support the weight, especially in a saturated state. This limiting factor 

is further intensified when attempting to retrofit an existing building with a green roof. The authors point to 

examples of reinforced concrete buildings from the 1940s and 50s as having spare capacity for gravity loads like 

a green roof. However, the most common building system in New Zealand is lightweight timber construction with 
a lightweight corrugated iron roof on timber trusses, not a structural system with the ability to bear the extra load 

of a green roof.  

Looking at the value of green roofs from a real estate perspective, Chris Farhi, Director of Strategic Consulting at 

Colliers International, was reported by the NZ Herald property editor Anne Gibson (Gibson, 2018a) noting what 

he sees as the problem with green roofs. While Farhi lists some of the advantages, mostly as a symbol that 

demonstrates the building owner’s commitment to sustainability, he also lists the disadvantages. The structural 

capacity of a roof structure to accommodate a green roof can be expensive in both the design of a new building 
and especially in the retrofitting of the roof structure for an existing building. The possibility of damage to the 

roofing membrane during a green roof installation and the subsequent repair of the damaged membrane could 

also be costly. Farhi sees the chief benefits as being social – the use of the building roof for group activities. 

However, for this to be successful, extra attention to the design of the roof space to make it a pleasant and 

functional environment, in addition to the green roof, has to be considered.  

.  

3.2.6 Waterfront Stormwater Remediation Examples 

3.2.6.1 Toronto Waterfront 
The Toronto waterfront is a large urban littoral stretching 46km from the Etobicoke Creek in the west to the 

Rouge River in the east, on the western side of Lake Ontario. The CBD is located roughly in the centre of this 

littoral, near the confluence of the Don River. The downtown district features a typical mixture of post-war, high-

rise offices and residential towers. The waterfront is characterised by a series of quays and slips occupied by a 

variety of building and open spaces, offering a castellated urban figure. 
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To the east of the CBD is the confluence of the Don River, heavily modified by a number of urban/industrial 

developments, and now effectively canalised. The old port area, the Portland, occupies the south-eastern sector 

of the waterfront. This area contains different kinds of port facilities, some still working, and many that have been 

abandoned.  

Environmental Problems  

The stormwater contamination of the central Toronto waterfront has been described in a report by Duncan Boyd 

(D.  Boyd et al., 2001). Boyd finds that the harbour’s contamination comes from two sources, polluted 
stormwater from the CBD and the polluted flow of the Don River. The contaminants are a typical mixture of 

inorganic pollutants from vehicles that include petroleum products, brakes and tyre detritus, and organic pollution 

overflowing from wastewater sewers. Chemical pollutants from sprays and industrial and commercial storage 

areas are also found. Boyd makes the point that the water turbidity caused by suspended solids is not directly 

endangering aquatic ecology; however, the suspended solids do bind contaminants like phosphorous, copper, 

lead and zinc.  

 
Stormwater Remediation.  

An example of waterfront stormwater remediation strategy is offered by the design of the new Toronto waterfront 

development by West 8 landscape architects (West 8). Their design response was a broad-ranging strategy that 

acknowledged a wide range of urban, landscape, and ecological and environmental issues on the Toronto 

waterfront.  

One of West 8’s design strategies was to make a better connection between the city and the harbour. West 8 

proposed to make Queens Quay, a busy eight-lane road, narrower by shuffling the existing traffic lanes 

northwards. The effect of this move was to create a combined pedestrian/tram/cyclist promenade along the 
length of the quay adjacent to the waterfront. This section of Queens Quay was repaved and replanted to create 

a new urban promenade. Where the new promenade meets the harbours, West 8 proposed an extension of the 

quay with 8m-wide timber decks shaped as waves.  

These new structures, known as Wave Decks, provide public meeting places with seats formed by the curving 

decking.  The decks also have another purpose; they contain large storage tanks for the collection of 

contaminated stormwater from the urban catchment. The stormwater moves through other processes located in 

the harbourside park before being cleaned and then discharged into the harbour. 
The Toronto waterfront development demonstrates how a ‘hard’ engineered stormwater treatment solution can 

be used to treat stormwater contamination. The placement and concealment of the tanks has also makes a 

positive urban contribution as a sculptural promenade.   

 

3.2.6.2 Waitangi Park  

Waitangi Park (WAA, 2007) is located on the Wellington waterfront, New Zealand. The park contains a structural 

stormwater device, a constructed wetland, to clean contaminated stormwater from the surrounding urban 

catchment. Waitangi Park was designed by Megan Wright and Associates (WAA). The park is part of the 
Wellington waterfront redevelopment project initiated in the mid 2000s.  

The park is located at the southern end of the Wellington waterfront between the National Art Museum, Te Papa 

and Oriental Bay. The park is 6.5ha and has social functions that would normally be associated with an urban 

park: a playground, skate board bowl, greenspace and café.  

As part of the park development, the history of the Waitangi Stream was rediscovered. The Waitangi Stream 

used to run from the Basin Reserve to the harbour; it was then piped in the 19th century and used as a 
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stormwater conduit for the highly impervious Te Aro valley. The stream ran in a trunk line under Kent Terrace to 

the harbour. As part of the redevelopment of the park, WAA daylighted the end of the stormwater pipe as an L-

shaped canal and installed remediation ponds along the length to treat the contaminated water before it was 

discharged into the harbour.  

 

3.2.7 Summary and Discussion  

This discussion has canvassed the theory and the techniques of structural stormwater design as well as some of 
the shortcoming of this practice. The limitation of the practice is around the location and efficacy of the 

techniques. The practice seems to be the most efficacious in a suburban milieu, a greenfield site. The bias 

towards these locations is revealed in the methodology for the design of these remedial systems: the use of a 

basic catchment stream model and the discussion about the four LID devices.  

However, the ability of LID devices to ameliorate the effects of stormwater in highly urbanised catchments seems 

to be limited. In these locations with a dense living pattern, tight urban streets, an existing historically dense 

drainage pipe network, and a high degree of impervious surfaces, the possibility of successfully retrofitting this 
kind of city with piecemeal, at-source devices is problematic. Instead, viable solutions such as underground sand 

filters detention tanks and UV filters (Tipene, 2008), which tend to be more mechanistic and expensive, are 

becoming increasingly viable. The second issue with structural stormwater devices is the problem of the 

efficiency of these devices when faced with flooding (Viavattene & Ellis, 2013).  
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3.3 Pluvial Flooding  

Pluvial flooding (terrestrial flooding) is usually caused by high-intensity, short duration rainfall. Soils become 

saturated with excess water and the existing stormwater system is unable to cope with the downpour because it 

exceeds the design limitation of the drainage network.  The excess water becomes a flood before it reaches the 

receiving environment, the sea, lake or river (Houston et al., 2011). This phenomenon is called exceedance. 

 

The conditions that contribute to the process of pluvial flooding are the topography of the city and location of  
infrastructure. These conditions influence the way in which the run-off will flow over the ground and pond, or 

flood. The steepness of the ground condition and what barriers there are to the flooding, infrastructure and 

buildings, will also affect the shape and extent of urban flooding.  

Two further conditions affect the process of pluvial flooding; they are the threshold of when rainfall starts to 

become run-off, and at what rate run-off will start to flow. The soil condition in the flood zone also has an effect 

on the rate of flood build-up, according to how saturated the ground is.  

The capacity of the existing drainage system is also critical. There are usually four stages in the failure of a 
drainage system.  The first phase is where stormwater enters a fully functioning, underground drainage system 

via a gully or manhole. The designed system has plenty of capacity of cope with the run-off. The next phase is 

surface flooding where the piped system still has capacity. The third phase is where the inflow and the pipe 

system are full, and the last phase is when the pressure within the stormwater (SW) system is higher than 

outside, giving rise to overflow from the SW system, the so-called manhole popping (Maksimović & et.al., 2009).  

Pluvial flooding can often occur in sync with fluvial flooding, flooding from rivers and streams; and coastal 

flooding, flooding from the sea. These two conditions can exacerbate the effect of Pluvial flooding. 

 
3.3.1 Flooding Remediation  

Pluvial flooding is the result of an extreme storm event in a city. When pervious ground fails to absorb the rainfall 

naturally and the run-off overwhelms the existing piped stormwater infrastructure, the result is an overground 

flood (R. Falconer, 2009).  

 

3.3.2 Pluvial Flooding Remediation Theory 

The increase in the pluvial flooding of European cities in the last decade and the acknowledgement of more 
extreme weather patterns due to climate change have led to a number of research and policy initiatives (Fratini 

et al., 2012). To make European cities more resilient to flooding, non-structural strategies are being explored. A 

holistic and transdisciplinary approach is being investigated to engage the many different urban stakeholders to 

ensure cities are safe from urban flooding. 

European flood control in urban areas has traditionally concentrated on underground piped engineered 

networks. In Australasia, where storm events are more intense than in Europe, ‘dual drainage’ systems are 

designed (Fratini et al., 2012), that is, an underground system for normal, everyday rainfall and an overground 

system of overland flow paths using streets and landscape contouring for major storm events.  
Fratini et al. (Fratini et al., 2012) suggest that by taking this multi-layered approach, the implications for urban 

design and, in particular, the design of public space must be reconsidered. The technical demands of pluvial 

flooding and benefits of using urban design to accommodate excess flooding require water professionals to 

change to a multifunctional and trans-disciplinarily practice. 
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The term multifunctional is used by the authors to refer to an urban space that can cope with different functions, 

public and social, as well as being able to ameliorate the effects of urban flooding. To engage in the design of a 

multifunctional urban space, a new way of working is required which the authors term transdisciplinary. The 

definition of transdisciplinary is an exchange of knowledge, solutions, and processes between aligned experts. 

Water professionals can work with other professionals, especially urban designers, to achieve beneficial 

outcomes.  

 
The three-point approach (3PA) for urban flood risk management (Fratini et al., 2012) is an example of this new 

kind of practice. Fratini et.al. draw a conceptual framework for water professionals to understand the 

technical/design/social response to urban flooding. The first point of the approach is the traditional urban 

stormwater drainage system where expected storm events are met with technical solutions within the limitations 

of a traditional drainage system. The second point of the approach is for extreme rain events outside of the 

expected technical design for storm occurrences.  The objective is effectively to use above-ground urban space 

to provide for the storage and conveyance of stormwater within urban areas.  
Point three is about the everyday life of the city. Here, the approach is more about the social and cultural sphere 

where education about the need for resilience for extreme stormwater events is inculcated. This part of the 

approach is as necessary as the other two as it is within the social world that the important (and expensive) 

decisions will need to be made to ensure that the necessary urban infrastructure is put in place to accomplish 

point two.  

The result of the three-point approach is a graph where the x axis is the flood return period and the y axis is the 

infrastructure and human life cost of flooding to the city (fig.1). The three points are arranged along an ascending 

line on the graph, beginning at point three. This is the everyday world of little or no rain, with the emphasis on 
education and cultural change in the way a community will approach and understand how a city has to become 

more resilient to storm events and the consequences of urban flooding. The line of increased cost and increased 

storm events ascends, and point one is the typical engineered response to a storm event by a conventionally 

engineered underground rainwater infrastructure. At the end of the line is point two, with the extreme storm 

events that cause damage to both the city’s structure and citizens’ lives. This is where the connection between 

pluvial flooding, remediation and urban design should be made. The design of public spaces in the city should 

offer multifunctional solutions as a public space and space for flooding detention and conveyance.  

 
Figure 1. Three Point Approach (Fratini et al., 2012) 
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3.3.3 Pluvial Flooding Remediation Practice 

There are two specific overground techniques to ameliorate the effects of pluvial flooding, conveyance and 

detention.  

3.3.4 Conveyance  

The SusDrain handbook (SusDrain, 2012) sets out the critical factors to assuage the worst aspects of pluvial 

flooding.  The most important step is to allow for an unimpeded aboveground flow path to ensure that pluvial 

flooding can be conveyed away from the flooding zone.   
These paths can be mapped using a Digital Terrain Model (DTM). All the flow paths must connect and avoid any 

depression. It is these areas that will experience flooding. Because the flood path will only become active on rare 

occasions, the land should be designed as a multifunctional space, though it is important that nothing which will 

impede any flooding is built or planted in the space.  Citizens should also be aware of having to evacuate the 

space in the event of a flood. Cleaning up the consequences of a flood, the subsequent debris in the public 

space, is also an important consideration.  

 
If it is not possible to convey the flooding away from a site then flood storage areas will have to be found until 

after the storm event. Flood detention areas can also be treated as multifunctional spaces. When designing a 

surface storage area, a number of critical factors have to be resolved. These are: what are the environmental 

conditions downstream of the detention area? For example, will the release of flood water into a stream 

environment adversely affect the biota of the watercourse?  

If the flooding is being discharged into a coastal environment then certain water conditions, such as a high tide 

or storm event on the coastal edge, can cause the discharge of flooding from the hinterland to be slowed or even 

reversed. Conditions such as these may affect the locations of detention zones. For example, low-value land 
could be used to store exceedance water, a ‘sacrificial’ zone.  

When designing a detention area, the use of the proposed site and the amount of water to be stored is 

important. Calculating the volume of water, the depth of storage, the time it will take to drain, is critical. 

Understanding the technical requirements of the flood detention zone will affect the other uses of the site like a 

park or public space. Where the design of an urban master plan and the construction of the building programme 

Iies in a greenfield/brownfield development, avoiding building on overland flow paths or in flood plains or 

depressions is common sense.  
 

3.3.5 Pluvial Flooding Planning  

There are many different methods for understanding how pluvial flooding will affect an existing city. A simple 

approach is outlined by Falconer (R. Falconer, 2009).  He characterises two methods: dry and wet. The dry 

method uses GIS mapping to make a DEM, giving a high-level map of where topographical depressions occur 

on a site.  

Falconer describes the dry method in more detail (R.  Falconer, Smyth, & Maani, 2008). LIDAR data is used as a 

base for the DEM, then using a screening technique, Contour Polygon Screening (CPS), to identify not only the 
location of topographical depressions but the depth of the depression. A shallow depression presents a low 

flooding hazard while a deeper depression may be more of a threat.  

This mapping analysis is accompanied with a GIS analysis of overland flow paths, on a bare earth DTM without 

the buildings. The combination of the flow paths and the topographic depressions (sinks) can give a general idea 

of where pluvial flooding will occur. The author notes that this analysis ignores the presence of an existing 
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underground drainage network but assumes that in the case of a storm event these systems will be 

overwhelmed and be unable to function, i.e. drain excess water.  

 

This is a simple, high-level process that can help civic authorities identify areas where pluvial flooding will occur. 

To address the amount of water that will occupy the depression, Falconer recommends a specific software, the 

Rapid Flood Spreading Model (RFSM). This model calculates the rainfall depth based on the probability and 

duration of a specific storm event on a 1km grid. The final depth calculation can be made by looking at the 
impact zone cells and calculating the filling and spilling process from each cell until an equilibrium is reached.   

Understanding the maximum velocity of the discharge from each impact zone can also be modelled. Using depth 

and velocity maps can help establish a danger hazard hierarchy, for example, shallow depth and low-velocity 

zones can be discounted as not being critical to life or property in the event of pluvial flooding. This model is 

explored in more depth in a paper looking at mapping the pluvial flood mapping for all of Ireland by Kellagher 

(Kellagher & al., 2010). 

 
The urban redevelopment of brownfield sites can be used as an opportunity to manage pluvial flooding (Diaz-

Nieto, Blanksby, Lerner, & Saul, 2008). The authors point out that the cost of ameliorating pluvial flooding by 

changing an existing urban plan or enlarging the traditional underground drainage system is enormously 

expensive. The development of brownfield sites, ex-industrial zones that are often located in desirable areas, 

can be a good opportunity to realise the financial rewards from a successful urban development, while at the 

same time avoiding the economic problems of pluvial flooding through good urban design.  

Diaz-Nieto et al. argue that urban topography is the key to understanding pluvial flooding. Urban development 

results in the amendment of urban topography and often the aggravation of urban flooding when flood zones are 
built on. Construction of building and roads can also change the ability of a site to absorb water. 

Diaz-Nieto et al. argue that by exploring and understanding three factors, the volume and location of water 

storage sites, the location of overland flow paths, and the volume of surface water generation, pluvial flooding 

can be controlled. The tool that the researchers put forward is an urban surface-water balance model. This 

model is based on mapping the number of sinks at different scales and locations within the catchment. As the 

sinks fill they spill into other sinks via overland flow paths. (This model assumes that the existing stormwater 

drainage system is overloaded.) 
 

3.3.6 Pluvial Flooding Remediation Design Examples   

Two Danish cities, Malmo and Copenhagen, have both developed urban design strategies to address pluvial 

flooding (Haghighatafshar, 2014). For Malmo, this thinking has been an important consideration in planning the 

city’s expansion for 20 years. The Copenhagen city authorities were more focused on the separation of 

stormwater and sewage rather than pluvial flooding.   

However, an intense 1000-year flood in 2011 caused a huge amount of property damage and focused the 

Copenhagen civic authorities on how pluvial flooding could be ameliorated in a dense urban environment like 
Copenhagen.  

 

3.3.6.1 Malmo 

Malmo (Stahre, 2008) was an early adapter of SUD (sustainable urban drainage). In 2008 the city adopted the 

‘Storm-water Strategy for Malmö’ (Malmö, 2008) strategy document. The document set out a typical 

aboveground structural stormwater system strategy. The strategy followed the established procedure, the 
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creation of a stormwater treatment train starting in private property with a series of small-scale, localised 

interventions – grass roofs and detention tanks – before moving into the public realm.  

 

Here, measures such as permeable paving, rain gardens and swales are designed to slow down water flow. At 

the end of the pipe large-scale end solutions such as wetlands and large ponds are also used. 

All these measures were put in place to carry out the principles enunciated in the report:  

– The natural water balance should not be affected negatively by urbanisation. 

– Sources that contribute to pollution of storm run-off should be limited. 

– The stormwater handling system shall be designed in order to avoid harmful flooding in case of intensive 

rainfalls. 

– The stormwater handling system shall be designed so that a large part of the pollution in the urban run-off is 

removed on its way towards the recipient. 

– Stormwater shall be used as a positive resource in urbanisation. 

– Open solutions for stormwater shall be prioritised as much as possible in the new developments. 
(Haghighatafshar, 2014) 

The city of Malmo has been carrying out these measures since 2000. Stahre (2008) notes that installing 

structural stormwater devices within the existing city, which still has a combined sewer and stormwater 

infrastructure, has been difficult. However, in the new parts of the city, in suburban locations where a separate 

sewer/stormwater system has been installed, the building of an overground structural stormwater system has 

been possible.  

The author does question the efficacy of the new infrastructure when faced with pluvial flooding. The author 

comments on the effects on the Malmo infrastructure of a storm on the 5th- 7th of December, 2013, when water in 
the city’s canal rose by 1.5m and the city’s new metro system was almost flooded.  

 

3.3.6.2 Copenhagen 

One of the best-known recent examples of urban pluvial flooding is that of Copenhagen. The city was hit with a 

substantial storm event on the 2nd of July, 2011. It is estimated that 150mm of rain fell within two hours. Rainfall 

intensity reached higher levels than predicted for a 100-year return event. The existing stormwater network soon 

failed.  Many inner-city areas were flooded, with over 30 percent of building owners filing claims for storm 
flooding damage. Insurance claims for flood damage were over 800 million Euros (Divall & Strickland, 2016).  

The City of Copenhagen had started to develop a strategy to address the way in which climate change would 

exacerbate pluvial  flooding and sea-level rise in the Copenhagen Climate Adaptation Plan (The City of 

Copenhagen, 2011).  This document suggested two strategies to combat pluvial flooding, separating stormwater 

and sewage systems, a long-term goal, and using the city’s park, sports fields and public spaces as water 

storage reservoirs.  

However, the 2011 storm overwhelmed the city parks. Without modifications, the parks could only detain a small 

amount of water before flooding. The Cloudburst Management Plan built on the previous report and the practical 
experience of the 2011 flood.  The management plan adapted the idea of using public space as a detention area 

and added the idea of conveyance, that is, using designated routes to convey stormwater flooding to the sea via 

roads and canals. 

Landscape architects Ramboll Dreiseitl  (Dreiseitl, 2012) produced a design study to illustrate how the 

Cloudburst Management Plan might be manifest for the worst-affected areas, west of the Copenhagen lakes. 
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The designers started by making an inventory of all the available urban spaces and streets in the affected area 

(Hvilshoj & al., 2016).  

The design study suggests that the parks and street should be modified to detain and convey stormwater as 

required by the overall Cloudburst Management Plan. The designers developed a hierarchy of types for modified 

public spaces and streets.  Streets and boulevards can be used for flood conveyance or modified to detain the 

flood water as a green street or as retention boulevards. Public spaces such as parks and plazas can also be 

modified to form water detention zones to delay flooding.  
The designers nominate specific sites in the city; Korsgade becomes a green street, Svend Trosts Veg, an urban 

canal; Vodrofsvei, an urban creek; and Gasvaerksvej, a retention boulevard. Hans Tavens and Blagards Plads 

become a detention park and plaza respectively. 

The Ramboll Dreiseitl master plan has been developed into a specific project, through the Norrebro competition. 

The competition was won by SLA (lead consultant), Rambøll, Atelier Dreiseitl, Arki_Lab, Social Action, 

Gadeidræt, Aydin Soei, and Saunders Architecture (SLA, 2015). The winning design has adapted an existing 

park, the Hans Tavsens Park, and a street, the Korsgade, to form a flood detention zone and conveyance 
corridor.  

The reconfigured Hans Tavsens Park is designed to detain up to 18,000m3 of water in a storm event. Floodwater 

will then be conveyed along the Korsgade to the Peblinge So (Lake), part of the Copenhagen lake system. In 

addition to conveying flood water safely to Peblinge, the Korsgade will be refigured with an open water channel 

flowing through a series of indigenous biotopes. Stormwater will be cleaned in the newly configured street and 

by a small wetland constructed at the intersection of the lake and the discharge point.  

The designers emphasise that the system will also work in summer with water from the lake being pumped back 

through the system. The designers have also allowed for a series of more conventional, engineered 
underground storage tanks. The Copenhagen lakes are also being looked at as part of the flood storage 

situation. As part of the Ramboll Dreiseitl master plan, Sankt Jørgens Sø, the lake to the south of Peblinge So, is 

being considered as a storage zone. Currently it has a depth of 4-5m, and consideration is being given to 

lowering this depth to 2m, enabling the lake to act as a major detention area for the city.  

 

3.3.7 Summary and Discussion   

While researchers acknowledge the problems of urban flooding and the impact of climate change on 
exacerbating the problem, the solutions within an existing city form, especially the traditionally dense European 

city, are limited. Hard engineering solutions, such massive underground storage chambers for flood water are a 

solution that many traditional cities have either opted for or are exploring (Watercare, 2015).   

However, this solution is expensive. The other option, such as the Copenhagen example, is to try and retrofit the 

existing city by remodelling parks and existing lakes/waterbodies as storage facilities, and city streets as 

conveyance routes. The Copenhagen example points to both improving resilience to flooding and improving the 

quality of public space. However, the expense and efficacy of this solution are still unknown.  

 
What these strategies do point towards is the desirability of an urban design master plan in which the 

remediation regimes for pluvial flooding, aboveground flood water conveyance, and detention zones can be 

designed before the construction of the building programme. In this way, the effects of pluvial flooding are 

allowed for, while the predicted real estate return remains. The waterfront site, because of its location at the 

discharge point of a catchment system and the often-large single ownership pattern, has the potential ability to 

be a site for these remediation measures.  
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3.4 Coastal Flooding  

Introduction  

Inundation is defined as the level of water on dry ground that is above the normal high tide mark, (Mean High 

Water Springs (MHWS) in New Zealand). Inundation is caused by storm tides and storm surges.  A storm surge 

is defined as the level of water that has been produced by a storm event above a normal tide. A storm tide is the 

level of water that is produced by the storm surge plus the normal tide, measured from a base datum (MfE, 

2014). 
Coastal flooding occurs when seawater inundates coastal land, usually as the result of a storm event (NOAA, 

2013). These storm events are caused by a number of factors. Storm surge is one, when onshore wind and low 

atmospheric pressure cause higher than normal waves.  This results in direct flooding of coasts, the overtopping 

of coastal flood barriers, and the breaking down of coastal barriers, breaching sea defences. Tsunamis, though 

not as frequent as storm events, can also cause widespread coastal flooding (Vitousek et al., 2017).  

While storm surges and tsunamis are examples of force majeure, sea-level rise is a wholly man-made 

phenomenon. The Intergovernmental Panel on Climate Change (IPCC) has assessed the average sea-level rise 
in the world to be around 2m for the 21st century as a result of climate change. The panel also points out that an 

extra 100-200mm of sea-level rise could occur by 2100 if the Antarctic sheet ice melts at a more rapid rate.  

 

3.4.1 Coastal Flooding in New Zealand 

In NZ, the Ministry for the Environment MfE (MfE, 2016) advised that sea-level rise from 1990 to 2100 will be at 

least 800mm. However, these projections were made in 2007, and have been recently revised upwards in line 

with the IPCC predictions. Recent projections have put the threat of sea-level rise from 2100 to 2200mm. The 

implication for New Zealand will be flooding along the entire coastal region, erosion of the coast and 
contamination of groundwater along the coast (Wright, 2015). In Auckland, New Zealand, the implication of sea-

level rise has been modelled for two coastal communities: Mission Bay, an inner-city suburb; and Kawakawa 

Bay, a rural community. The report (Hart, 2011) explores three questions: how will the Auckland coast be 

affected by sea-level rise? what are the different options for amelioration? and, which ones have the best chance 

of addressing the particular conditions that each site presents? The findings illustrate that the Auckland Council 

is in the early stages of preparing for sea-level rise. When looking at the remediation options for the two sites, 

the author found that the community preferred a coastal stabilisation strategy even if this would lead in the long-
term to an increase in the possibility of flooding. The coastal retreat strategy was strongly rejected by both 

communities. 

 

3.4.2 Coastal Flooding: Hurricane Sandy 

One of the best-known examples of the impact on a major city of coastal flooding is the impact of Hurricane 

Sandy on New York City in 2012 (O'Neill & Van Abs, 2016).  Hurricane Sandy was a tropical hurricane that cut a 

path from the Caribbean through Cuba and the Bahamas as a category three storm travelling up the Atlantic 

coast before making landfall in New Jersey as a category two storm. Sandy was classified as the most 
destructive Atlantic hurricane, causing extensive material damage and loss of life along its path from the 

Caribbean to Canada. However, the most profound effect was the realisation of the fragility of a large and 

important global city such as New York. 

The impact of Hurricane Sandy on the New York region was considerable. The storm surge caused both coastal 

inundation and wastewater infrastructure failure. The influence of the storm surges on Manhattan was 

substantial. Much of Lower Manhattan, the financial centre of New York and, indeed, the United States, was 
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flooded from the East River. The city’s subway infrastructure was severely damaged with the flooding of seven 

subway tunnels. The New York Stock Exchange was forced to close, as were school and universities. Coastal 

inundation also affected New York’s outer boroughs and Long Island. The storm surges also caused damage to 

New York’s wastewater infrastructure, and the surge overwhelmed sewage treatment stations, forcing the 

massive release of untreated sewage into the surrounding waterways (The City of New York, 2013). 

 

3.4.3 Coastal Flooding Remediation Practice 
There are three broadly accepted strategies for the amelioration of coastal flooding in the urban environment. 

The first is a coastal barrier, which can be a traditional hard-engineered bulwark or a green-engineered solution. 

Secondly, changes can be made to the design of infrastructure and housing stock to allow for coastal flooding. 

And, lastly there is abandoning the coastal edge and retreating from the effects of coastal flooding (National 

Research Council, 2014).  

The first strategy is the traditional approach of protecting the existing coastal littoral/property by establishing a 

protective barrier at the coastal edge with an engineered structure. Traditionally these are hard structures such 
as: 

• Sea walls, a solid wall parallel to the sea. While an obvious answer to flooding, they can produce a wave 

backwash action, undercutting the base of the wall and undermining the effectiveness of the wall to 

resist flooding.  

• Groynes, hard structures that extend into the sea at right angles to the coastal edge. These structures 
work with coastal longshore action (sand is moved across the face of a beach). The groyne retards this 

action and causes sand to be retained on the beach, helping to protect the coast edge from flooding.  

• Gabions, metal cages filled with rocks, that are placed at the bottom of cliffs to present erosion.  

• Revetments, a version of a sea wall that is built against the base of a cliff to prevent erosion. 

• Rip-rap, large rocks that are placed at the base of a sea cliff or on a coast edge, with the purpose of 
absorbing wave energy and preventing beach erosion.  

• Breakwaters, large structures like a wall or a line of piles that are placed at sea parallel to the coast. The 

structures break up wave energy before the waves reach the coastline.  

• Tidal barriers, retractable walls that can close an estuary or river mouth to prevent flooding. The best-
known example is the Thames Barrier (Environment Agency, 2014) 

• Soft engineered structures can also be used (New York State Department of Environmental 

Conservation, 2014). These structures utilise natural coastal processes to protect the coastal edge 

according to the particular ecology, for example, the planting of mangroves on subtropical/tropical 

coastal edges.  

• Beach nourishment: wave energy can be dissipated by adding to the depth of coastline, and sand can 

be added to the beach, making the coast wider and pushing storm action out to sea. 

 

Existing sand dunes can also be used to protect against coastal flooding. However, the dune system must be 

protected from human use by using clearly marking entry points and prohibiting access to the rest of the dune 

system. Coastal wetlands, preservation of existing coastal wetlands, or their re-creation can help in breaking up 
wave energy and helping to prevent flooding. 
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Some of these operations can be described as Adaptive Topography (Heikkila & Huang, 2013), that is, 

prevention of flooding is carried out by modifying the topography of the affected landscape.  Apart from dykes 

and levees, filling the land behind the coastal edge can also avoid a flooding disaster.  

 

The second strategy is to accommodate flooding through the design of coastal settlements. The strategy 

connects to policy advice, such as the regulation of building in hazard zones, and providing information about 

flooding dangers for coastal residents. An important strategy here is the concept of Location Avoidance (MfE, 
2008). This suggests an active planning policy where flood-prone areas are mapped and located, and building 

construction in these zones is discouraged through policy instruments.  

If a building already occupies a flood zone, then retrofitting the building by making the basement and ground 

floor flood resistant is important. New buildings can be built on a raised platform. This strategy has been used in 

the Hafen City development (Samant & Brears, 2017). Because of concerns with flooding, building heights have 

been set at 7-8m above the MHS datum. This has been achieved by using compacted fill. Service areas such as 

car parking have been concealed within the fill zones.  
In the Netherlands new buildings have to be designed with the ground floor designated as a sacrificial level 

(Pelsmakers, 2013).  There are a number of floating building designs that are able to rise and fall on a normal 

tidal rhythm.  These strategies could be termed as being an adaptive architecture.  

The last option is retreating from the areas on the coast that will be prone to flooding caused by sea-level rise. 

This option is the most radical when owners of threatened coastal properties have to abandon their land (Turbott 

& Stewart, 2006). 

 

3.4.4 Waterfront Coastal Flooding Remediation Design Examples  
The impact of Hurricane Sandy on Manhattan and, in particular, the flooding of Wall Street in 2012 brought 

about an examination of many of the assumptions about waterfront development planning and financing. The 

American property industry responded to this challenge to a lucrative part of many property portfolios with the 

publication of The Urban Implications of Living with Water, published by the Urban Land Institute (Quinn, 2014). 

This publication is a response to the threat of coastal flooding for American cities. The report focuses on four 

case study sites located in Boston.  

Boston was identified as being particularly suitable for the investigation, as it is one of the oldest cities in 
America and is particularly vulnerable to coastal flooding as much of the city has been reclaimed in large parts, 

is low lying, and is prone to flooding.  

The questions that the investigatory teams asked were:  

 

•  What types of resilient strategies could be implemented over time to upgrade and protect existing 

buildings and properties within the district? 

•  How can we develop new urban design solutions that address both sea-level rise and more frequent 

storm events while maintaining a vibrant streetscape? 

•  How do we pay for this and what is the cost of doing nothing? 

•  What barriers to resiliency planning currently exist at local, state and/or federal levels? 

•  What development opportunities arise if we strategically rethink our relationship with water? (Quinn, 

2014)  
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The four sites chosen for investigation represent different urban zones with specific environmental threats from 

storm events. The description is followed by number of specific design and financial suggestions.  

 

3.4.4.1 The Innovation District 

The Innovation District is the name of a 405ha district located on the South Boston waterfront. This area is 

located between Boston’s transportation gateways and contains the largest tract of underdeveloped land in 

Boston. The area is a classic waterfront project, an abandoned and disused commercial port. It is also 
vulnerable to storm surges, as evidenced by Hurricane Sandy. 

The 405ha site is at risk of coastal flooding, and almost the whole of the site would be inundated by sea level 

rise of 2.5m. Specific design solutions advocated by the panel include the building of a public amenity, The 

Harbour Walk, as part sea wall, part urban promenade; a number of soft green engineering structures on the 

harbour edge to absorb storm surges; future drainage systems to take into account the likelihood of more severe 

weather events; raising pedestrian areas as flood barriers for building; converting basements into uses which 

allow for flooding; and developing soft green infrastructure elements like swales and rain gardens.  
When considering new building, the report recommends raised ground-floor levels (to allow for flooding),  

designing higher second floors to connect to surrounding buildings, and allowing for the relocation of building 

services such as plumbing, electrical, and mechanical to higher levels. 

 

3.4.4.2 Back Bay 

Historically, Back Bay was marshland that was reclaimed over the course of the 19th century. The site contains 

an urban mixture of retail, office and residential. It is some of the most valuable real estate in Boston, and yet it 

lies less than 1.2m above the MHW. Given the intensely urban, non-permeable nature of the site, it is also 
especially vulnerable to the build-up of stormwater and pluvial flooding. This will be exacerbated by the inability 

of stormwater to discharge to the Charles River following sea-level rise.  Underground services, in particular, the 

combined stormwater/sewer system, also present a risk of failure with both pluvial and coastal flooding. 

Electrical and communication infrastructure is also vulnerable due to the underground location.   

The panel recommended the replacement of the existing street system with a stormwater/canal system in 

alternative streets. The new infrastructure would act as stormwater retention ponds before the discharge of the 

stormwater into the Charles River at the appropriate time.  
 

3.4.4.3 Revere Beach 

Revere Beach is a crescent-shaped beach close to downtown Boston. Given the projected growth of Boston and 

the existing infrastructure connection to the central city, the city authorities are keen to develop the area. The 

site was badly affected by coastal flooding in 1978, which resulted in the city expropriating land along the 

beachfront, and installing flood barriers. However, the site is still vulnerable to both increasing storm surges and 

inland flooding.  

The panel suggested design guidelines for existing buildings and a potential future building programme. 
Assuming the construction of typical commercial podium slab buildings, the advisory group suggests allowing the 

first two floors of the building to be a sacrificial layer.  The ground floor should be allocated for car parking to be 

sleeved by pop-up shops in summer.  These can then be closed in winter when faced with the threat of coastal 

flooding. This strategy means that there will be a clear flow path for coastal flooding to existing flood detention 

basins behind the main boulevard. The panel suggested that social space is provided on a third-level podia, 
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which has a direct connection to the top of the existing storm berm. The result of these design strategies is to 

allow any coastal flooding to flow naturally to the existing detention areas. 

 

3.4.4.4 The Alewife Quadrangle 

The Alewife Quadrangle is a 52ha light industrial site to the west of Cambridge, Boston. The city is anxious to 

see new housing development in this area; however, the site is in the Mystic River 500-year floodplain. The 

ground floor of many of the businesses in the areas will be liable to inundation. At the same time, the local 
authority wants to encourage street-level retail.  The panel suggested that one section of the site should be built 

up to form an elevated retail street zone.  

As the rest of the site has yet to be developed, the panel suggests that common building strategies to cope with 

flooding can be adopted. Allowing for sacrificial ground floors, placing car park building/garages in flood-prone 

areas, and ensuring that vital building infrastructure is located in the upper floors of building are suggested by 

the panel. Ensuring that a clear and well-connected open space network is designed and new parks also double 

as water remediation and storage areas are strategies that will help ameliorate the flooding.  
 

3.4.4.5 Financing Sea-Level Rise Remediation  

The panel (Quinn, 2014) put forward a number of strategies for the financing of what is likely to be a very 

expensive remediation infrastructure. One of the first strategies advocated is the allowance of greater GFA and 

FAR in new buildings. This will lead to an increased development contribution which can be used to pay for 

amplified infrastructure costs associated with building urban resilience to flooding.  

The panel also suggests that government authorities can assist the development community by initiating and 

developing better modelling of the likely consequences of flooding. The development of district-wide resilience 
funds, in which all developers would contribute to finance large-scale infrastructure measures is another 

suggestion by the panel. This idea tries to spread the financial burden of a problem that is geographically much 

wider than the simple boundaries of a building project.  

 

3.4.5 Summary and Discussion   

The problem of coastal flooding for the development of a waterfront project is clearly the biggest threat for the 

waterfront developer.  Unlike pluvial flooding or stormwater contamination, where the problem lies with the urban 
catchment and thus outside of the waterfront developers’ control, coastal flooding is very much an immediate 

and present problem. The amelioratory strategies are clear: a dogged defence on the water’s edge, or 

constructing building platforms above the flood level, or allowing flooding to occupy the ground floor of buildings.  
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3.5 Loss of Biodiversity/Urban Heat Island  

Biodiversity is the diversity of life and processes in a community’s ecosystems and landscapes (Swingland, 

2001). Urban development has a particularly deleterious effect on biodiversity. Through the removal of native 

ecological biotones, biodiversity is compromised or lost. The main agents in this process are a growing 

proportion of non-native species becoming established, reduced resources for native flora and fauna, an 

increase in natural enemies, and a change in the physical environment.  

 
An important consequence of urbanisation on the natural environment is the loss of indigenous biodiversity. The 

native vegetation of a region is often degraded, fragmented or lost entirely as a result of urbanisation. The rich 

interconnections of native flora and fauna, the complex interactions between different systems at different 

scales, and the biodiversity of native ecotones are damaged (Aronson et al., 2017). 

The reasons species populations can become extinct are reduced genetic diversity and a changing relationship 

between the ‘island’ (sink) and the ‘mainland’ (source). With increasing urbanisation, mainlands themselves 

become islands, and the loss of linkages between the islands is another source of species extinction (Farinha-
Marques et al., 2011).  

The replacement vegetation, if any, differs in composition and pattern from native vegetation. The structure of 

the typical urban vegetative stand has a more open edge condition and a more open internal structure. The 

greatest difference is the presence of exotic species; these are present at a number of levels and forms in urban 

vegetation, and the closer to the urban centre, are usually found the more exotic species. In many cases, the 

larger the city and the greater the population density, the greater the variety of exotic species found, and 

consequently the greater the loss in native biodiversity (Marzluff, 2008). 

 
Both native vegetation and native soils are often highly compromised in the urban environment. Subject to the 

building of urban infrastructure, the soil structure is often highly modified. The composition of many urban soils is 

often the result of extensive filling operations, where soils from different regions are mixed and compacted to 

form new city territory (Pickett et al., 2011). Urban soils are often subject to pollution by highly toxic contaminants 

released from industrial zones over many years.  

The condition of soils in waterfronts is often the most problematic. They are almost always composed of 

reclaimed fill from a variety of different conditions including organic waste and contaminated marine dredging. 
These soil structures are mixed and compacted as part of the reclamation process. The location of highly 

polluting industries such as gas works, coal depots in the 19th century and petrochemical storage complexes in 

the 20th century has added to the degradation of the soils located in waterfront sites.  

The structure and composition of soils in a waterfront catchment has an important effect on the transport of 

possible contaminates. Focusing on the intersection of terrestrial and aquatic ecosystems (critical transition 

zones, CTZ) researchers (Levin et al., 2001) have identified the way soils regulate hydrological flows. They have 

identified the ways in which soils in this zone can influence infiltration, leaching, run-off and erosion. The authors 

go on to suggest that soil biodiversity influences hydrological pathways and that soil biodiversity is linked to 
larger environmental factors. 

The modification of vegetation and soils through urban development has a number of effects on the 

environmental health of the city. The effect of the loss of trees on the urban climate leads to the phenomenon of 

the urban heat island.  
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3.5.1 Urban Heat Island 

The urban heat island effect (UHIE) is a condition where the heat within a city is greater than the temperature in 

the surrounding countryside. The condition has been recognised for a number of years, and the causes are 

anthropogenic. 

 

The first cause of an increase of heat is pollution from cars, power plants and air conditioners. The heat from 

these sources enters the atmosphere directly. The other source of urban heat is caused by solar radiation falling 
on hard, absorbent surfaces such as streets, pavements and buildings. These surfaces absorb the sun’s energy 

and radiate that energy as heat after the sun sets. Depending on how densely the buildings are grouped and the 

amount of or lack of vegetation, the ability of a city to release the heat build-up quickly can be considerably 

reduced (Rizwan et al., 2008). 

The effects of UHIE are considerable. The obvious effects are on the health and well-being of the citizens. 

Excessive heat can cause injury and even the death of the city’s more vulnerable inhabitants, particularly the old 

and young. An increase in demand for cooling, particularly from air conditioning, results in an increase in energy 
expenditure. The other effects are environmental problems, an increase in air pollution, and a decrease in water 

quality, and even urban trees can experience physiological changes due to increased temperature with early 

budding and late leaf falls (Vogt et al., 2002). 

Climate change will exacerbate the effect of the UHIE. In a recent study (Estrada, Botzen, Woute, & Tol, 2017) 

the authors examined over 1600 cities and found that the total economic cost of an increased UHI effect though 

climate change would be from 2.6 percent to 10.9 percent of GDP. 

The authors conclude that understanding the critical part that cities play in exacerbating the effects of climate 

change is vital in developing a strategy to help in mitigating the results.  
 

3.5.2 Biodiversity Remediation  

Restoring urban biodiversity can be used as a tool to improve city life in a number of ways. Niemela (Niemela, 

1998) suggests that biodiversity can be used both as a mechanism through which ecological systems can adapt 

to their environment and as a buffer that ensures ecological systems’ resilience against disturbance. To 

understand how biodiversity might be restored, maintained or enhanced in the contemporary city, the concept of 

island biogeography is a useful procedure. The concept of island biogeography (MacArthur & Wilson, 2001)  can 
be used to understand the location and enhancement of indigenous landscape systems within a series of 

catchments at different scales.   

 

3.5.3 Biodiversity Remediation Practice 

Within many cities there are isolated patches of remnant indigenous vegetation, parks (though they often contain 

exotic vegetation), abandoned sites, railway tracks and motorway margins. Macarthur conceptualises these as 

‘islands’. While these sites may seem isolated, they have the potential to be linked through ‘corridors’. These can 

be terrestrial, such as alongside transport corridors, and aerial (this is of particular importance in New Zealand 
with the importance of birds spreading seed).  

 

Two factors determine the viability of organisms within the ‘island’: the composition and health of the habitat 

patch, and the dispersal distance between patches. Patch richness is based on a number of factors, the number 

of patch types in the landscape, a measure of ecological diversity of the different patch types, the proportion of 

the total area of the catchment occupied by a particular patch type, and a measure of dominance of patch types.   
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The largest patch can be found by developing a patch index, that is, the proportion of the total area occupied by 

the largest patch of a type. Patch density can be measured by the number of patches per 100ha. The mean 

patch size can be determined by the area occupied by a particular patch type divided by the mean patch size 

(McGarigal & Marks, 1994) (Luck & Wu, 2002). 

In New Zealand, Meurk and Hall (Meurk & Hall, 2006) have developed specific techniques to enhance 

biodiversity within a wide range of ecosystems, exotic and indigenous, urban and rural, using the patch/corridor 

methodology. The authors advance a number of practical metrics to help designers and stakeholders plan for 
the restoration of indigenous patches and corridors to link with other patches to encourage native biodiversity 

back to the city.  

The authors point to a special New Zealand condition, where birds usually assist in plant propagation, so 

connections between patches don't always have to be land-based green corridors. 

 

The benefits of increased biodiversity are many. Providing more trees in the city can help to remove (sequester) 

CO2 from the atmosphere during photosynthesis and return oxygen back to the atmosphere as a by-product. 
Trees in the city act as a carbon sink and an oxygen source. Collecting trees in a group as an urban forest can 

help sequester carbon on a large scale in the city. Increasing the number of these forests helps reduce 

atmospheric pollution, and contributes to the lowering of greenhouse gases in the city (Livesley, McPherson, & 

Calfapietra, 2016).  

Providing more trees also helps in the mitigation of the urban heat island (UHI) effect. Indirect solar heating, that 

is, the heat radiated from built surfaces, is the one of the biggest contributors to UHI. Vegetation can alleviate 

this effect. The planting of a park-sized vegetation patch can produce up to 300 percent evapotranspiration in 

contrast to the urban surrounds (Spronken-Smith, Oke, & Lowry, 2000) as cited in Rizwan 2008,  and can lead 
to a drop in temperature of 1.6ºC. 

 

3.5.4 Waterfront Biodiversity Remediation Design Example 

3.5.4.1 Harlem Waterfront  

The Harlem waterfront is a recent project by the NY Parks (Metropolitan Waterfront Alliance, 2012)  to create a 

new park along the Harlem River littoral. Rather than a simple hard embankment, the designers have created a 

porous edge with gabion baskets filled with rocks. This structure deforms to form rock pools and sand coves, 
and the new structure will become inhabited by marine biota, including oysters. The structure has a number of 

functions, and helps to increase marine biodiversity. It can clean run-off from the park through the oysters, and it 

has a pedagogical function as an education park to demonstrate the rich marine life on the water’s edge.  

 

3.5.5 Summary and Discussion  

Conventional urban development lowers species biodiversity, reducing the health, vitality and vigour of existing 

ecosystems. Climate change, especially with the prospective rise in temperature will exacerbate these problems. 

However, the use of vegetation, especially trees, in combating these effects is well known (Akbari, 2001). 
Increasing a city’s biodiversity can be done by connecting to the underlying landscape structure that generates 

biodiversity through supporting ecological processes.  This can be done in two ways, firstly by increasing the 

ecological health of existing parks and green areas and by protecting existing indigenous planting. This helps to 

protect the viability of organisms within the ‘island’, the habitat patch.  The second way is by then reducing and 

connecting the distance between islands through the provision of ecological corridors. 
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3.6 Remediation Practices: Summary and Discussion  

Summary 

This chapter has described four critical environmental problems: stormwater pollution, flooding, both pluvial and 

coastal, and increasing heat island/decreasing biodiversity. The different ways in which these problems might be 

remediated was extensively canvassed. The application of these solutions for waterfront development was 

discussed.  

 
Discussion 

The investigation found that these problems exist and the ways to remediate / fix these issues are readily 

available. However, a number of issues hinder the successful adaption of these remediation measures. The 

most obvious is the difficulty of retrofitting an existing urban area with the appropriate remediation devices. A 

masterful attempt has been made in Copenhagen with the Cloudburst strategy. Here the existing public space of 

parks and streets has been adapted to act as an urban flooding detention and conveyance network.  

However, the other remediation measures that have been canvassed such as; wetlands, soft coastal flood 
barriers, and biodiversity patches, all require large spaces which are difficult to find in a contemporary city 

environment.  

Another problem is the disconnected and piecemeal nature of how environmental problems are both 

apprehended and remediated. For example, storm events cause the contamination of stormwater and aggravate 

urban flooding, and the loss of urban biodiversity leads to problems like the urban heat island effect.  

WSUD was discussed as a well-known system that offers a structure for the treatment of stormwater 

contamination. The treatment of stormwater is broken down into a series of interventions /actions. However, this 

remediatory regime does not consider the remediation /amelioration of other environmental problems such as 
pluvial flooding or biodiversity absence.  

The science of urban ecology and landscape ecology can help give a structure to locate these problems. 

However, these environmental structures don’t necessarily help in locating the appropriate remediation 

techniques.  

A tentative conclusion is that the critical environmental problems described will have to be acknowledged in both  

existing and proposed waterfront developments. An overall framework needs to be sought to link an 

understanding of the different environmental  problems and their remediation measure to ensure a coordinated 
and holistic response   

 

The next chapter explores Low Impact Urban Design and Development (LIUDD)(M. van Roon & van Roon, 

2009).  Does this method offer an overall conceptual umbrella in which urban development can be placed within 

a larger environmental network?  
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Chapter Four  
Low Impact Urban Design and Development: Theory and Practice  
 
4.1 Introduction  

The new urbanist design model relies on a street grid to organise the building programme. Buildings occupy the 

whole block, public space is defined as an urban promenade along the littoral, there is often very little green 

space, and the result is a highly impervious urban plan.  The real estate formula for the typical urban waterfront 
is predicated on this knowable urban formula.  However, the remediatory regimes for all the four environmental 

problems, as described in the previous chapter, demand space for the remediation functions to work. For 

example, structural stormwater remediation systems require space at the discharge point of a stormwater 

system for a wetland or raingarden treatment system. Pluvial flooding remediation requires space for overland 

flooding conveyance channels and detention ponds.  

Coastal flooding prevention measures similarly require a large amount of space for both hard and soft 

remediation devices such as a littoral buffer zone. For an effective biodiversity regime to work, a large area of 
the city must be devoted to the planting of a native ecotone.  

If remediating the serious environmental problems present on almost all waterfronts (and soon to be made more 

insistent by climate change) is critical to the future success of the urban waterfront, then the previous survey of 

remediation measures would seem to point to the necessity of a new urban development model in which the 

remediation of the environmental problems will be given precedence.  

 

4.2 LIUDD Introduction 

This chapter describes how the theory and practice of Low Impact Urban Design and Development (LIUDD) (M. 
van Roon & van Roon, 2009) might help to develop an urban design process to resolve the imbroglio between 

the iconic waterfront plan and the increasingly insistent environmental issues. This chapter defines the theory 

and methods that will inform the research investigation and help determine the development of a new urban 

design process.  

The hinterland of LIUDD will also be described. LIUDD is informed by a background in the theory of sustainability 

and resilience. LIUDD makes use of the science of urban ecology and landscape ecology as a framework to 

understand how urban development works within a larger realm. Developing an understanding of the urban site 
within knowable and measurable environmental conditions is discussed, in particular, using the hydrological 

catchment to help understand and address environmental problems.  

LIUDD methods are informed by catchment analysis and environmental protection. The use of environmentally 

sensitive area mapping is located in the work of Ian McHarg (McHarg, 1969), the use of GIS, and the idea of 

clustering is linked to the theory and practice of cluster housing.  

The section finishes by discussing how the theory and practice of LIUDD and ideas and practices behind LIUDD 

can specifically help to address the serious environmental issues facing the urban waterfront. 

 
4.3 Low Impact Urban Design. Theory and Practice  

Low Impact Urban Design (LIUDD) is a theory and practice that looks at how the planning of cities can be 

achieved with the least impact on the natural environment, in particular, the original hydrological cycle. The NZ 

originators of LIUDD (M.  van Roon et al., 2006) are influenced by two theoretical poles, the ecological, in 

particular, the environmental mapping techniques of McHarg (McHarg, 1969) and Arendt (Arendt, Brabec, 
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Dodson, Reid, & Yaro, 1994), and urban sustainability, especially the ideas of Newman and Kenworth (Newman, 

1999).  

The authors present LIUDD as a hierarchy of three scales from theory to practice.  

The first scale defines the theoretical scope of LIUDD with the overall aim to maintain an existing ecosystem 

within a catchment through the minimisation of the impact of urban development.  

The second scale helps to locate the urban development site within the larger catchment through a series of 

ecologically derived goals. Making the best use of the existing infrastructure, minimising the effects of the 
development through site selection, matching the development to the carrying capacity of the ecosystem, and 

minimising the inputs and outputs within the catchment are objectives that need to be met to fulfil the overall aim.  

These goals are developed through the use of specific techniques contained in the third level of the hierarchy: 

developing new kinds of urban form to help retain or create pervious space by clustering the building 

programme, protecting terrestrial and marine biodiversity through protecting existing sensitive areas on the 

development site, reducing or containing contaminants on the development site through the restoration and 

protection of the natural landscape, and maintaining the natural hydrology of the catchment.  

 
LIUDD Hierarchy of Principles. (M.  Van Roon & Van Roon, 2005) 

 

4.4 LIUDD Design Methods  

This section discusses the tertiary design techniques in the LIUDD pyramid. These techniques are used to 
address the LIUDD goals and to answer the issues that are uncovered after the catchment analysis has been 

undertaken.  

 

 

LIUDD The big picture: Appendix 1   43 
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4.4.1 Reduce Contaminants 

Reducing or containing contaminants on the development site through the restoration and protection of the 

natural landscape is a critical technique to minimise any environmental damage from an urban development. It is 

especially important to prevent contaminants from entering the water cycle. Many contaminants can attach and 

travel with fine sediment particles. To prevent this occurrence, any urban development should employ structural 

stormwater devices to prevent any contaminants from getting into a natural waterway.  

 

4.4.2 Maintain Hydrological Neutrality  

Once an inventory of the catchment is understood, an important aim of LIUDD is to retain/enhance the 

biodiversity and health of the existing aquatic ecosystem within a catchment during and after the urban 

development process.  The objective of LIUDD is to ensure that even after development there is no change to 

the health of the water ecosystem. A primary driver for this condition is the concept of hydrological neutrality. 

Van Roon (M.  van Roon & Moore, 2004)  defines the state of hydrological neutrality as being actions that cause 

little or no change to the hydrologic system within a catchment. 
Van Roon credits the invention of the idea of carrying out urban development with no effect on the 

hydrologic/ecosystem health to American researchers in Washington State.  They christened the concept Zero 

Impact Design (ZID) (Holz, 2002), in which any urban development must ‘retain or recreate’ the indigenous 

hydrological conditions. As much of Washington State is covered in forest, the ZID regime is specifically oriented 

toward the protection of indigenous forest within a catchment. The duplication of forest-like functions such as 

evapotranspiration and ground infiltration on run-off are promoted in an urban development. 

Van Roon discusses the techniques that are available to designers to ensure hydrological neutrality for urban 

developments in New Zealand. These are protection of riparian margins, increasing evapotranspiration, using 
clustering to reduce the building footprint, and limiting the effective impervious area of the development to 15 

percent of the catchment.     

 

4.4.3 Protect Riparian Margins 

Protection of riparian margins is critical to the protection of stream networks. This goal can be accomplished with 

the indigenous planting of high biomass species in a buffer zone around the stream. This method helps to 

increase aquatic and terrestrial biodiversity within the riparian corridors. In addition to riparian corridors, wetland 
and flood detention areas should also be protected by planning a buffer area around these zones. By protecting 

the areas around urban streams through the replanting of indigenous species, erosion can be reduced, sediment 

trapped, and phosphorus, nitrogen, and other contaminants present in urban run-off can be filtered before 

reaching the stream, protecting and enhancing both aquatic and terrestrial wildlife habitats (Wenger & Fowler, 

2000). To ensure buffer zones function, the planting should be a 15 to 30m margin. While grass will help absorb 

pollution in overland flows, the planting of indigenous vegetation, preferably from the appropriate ecotones, is 

the best-practice solution. The buffered hydrological network can also act as a flood corridor during extreme 

rainfalls, as well as being used as a connector of urban patches. Social activities such as parks, reserves and 
sport facilities can be located along stream margins, as they help to increase the amount of pervious surface 

within the urban development. A specific GIS function, buffering, can be used to delineate a buffer around 

existing stream and overland flow paths. (ArcGIS, 2015) 

However, research has found that protecting existing stream networks by themselves is not enough to replicate 

the predevelopment hydrology (C.  Walsh, 2016). Even the smallest streams and overland flow paths contribute 

to the hydrological health of the catchment so their protection is also critical.  



 66 

 

4.4.4 Increase Evapotranspiration  

Increased evapotranspiration rates are important in ensuring the preservation of hydrological neutrality. Van 

Roon suggests that the catchment should be planted with species that have a high biomass to help increase 

evapotranspiration. Research shows that water loss to deep seepage is small but water loss to 

evapotranspiration in an undeveloped catchment can vary from 30-60 percent, while from impervious surfaces 

the rate rapidly decreases to 10-25 percent (C.  Walsh, 2016). The change in vegetation cover also affects the 
rate of transpiration; grass has a much lower transpiration rate than trees; native forest cover has the best rate. 

Researchers have found that a combination of topography and vegetation cover, specifically hill slopes and 

native forests, proved the best and most effective measure for both the soil absorption of run-off and increasing 

evapotranspiration (C. Walsh, 2012). The rate of evapotranspiration is also dependent on the climate and the 

particularities of the location.  

 

4.4.5 Reduce Impervious Surfaces 
Reducing the percentage of impervious surfaces within the catchment helps to reduce amount of stormwater 

run-off (M.  van Roon & Moore, 2004).  Van Roon qualifies this technique further by defining an ‘effective 

impervious’ surface as being an impervious area that drains directly into a waterway. This can mean an 

impervious surface directly adjacent to a waterway, or an impervious surface that is linked to a waterway via a 

piped system.   If the run-off from the impervious area can be intercepted with a pervious surface, or a structural 

stormwater device such as a swale, a green roof or a rain garden, then the impervious surface is no longer 

considered part of the effective impervious area. 

 
4.4.6 Protect and Enhance Natural Spaces 

By protecting and, where necessary, restoring natural spaces within the catchment, the ability to deal with 

environmental problems such as littoral and pluvial flooding is increased.  

 
4.4.7 Restore/Enable/Protect Biodiversity  

Restoring, enabling and protecting indigenous terrestrial and aquatic biodiversity is critical to ensuring the 

continuing ecological health of a catchment. This can be helped by protecting any existing indigenous ecotones 
and indigenous habitats. If damaged ecotones or/and indigenous habitats can be identified within the catchment, 

then prioritising the restoration by replanting on sensitive slopes, riparian corridors and ridges is important.  

The New Zealand Biodiversity Strategy (Department of Conservation, 2016) emphasizes the importance of 

ensuring the effective functioning of natural ecosystems within the catchment. This can be accomplished through 

maintaining and enhancing indigenous ecosystems.  Indigenous vegetation can also be used to manage 

stormwater within the catchment through the preservation of hydrological corridors. 

 
4.4.7 New Urban Form Through Clustering  
Conventional housing development models usually assume that the building and associated infrastructure will 

cover most of the site irrespective of any areas of environmental vulnerability, such as overland flow paths or 

native bush fragments. LIUDD uses techniques originally developed by McHarg (McHarg, 1969) and Arendt 

(Arendt et al., 1994) to understand the location of critical existing environmental systems within a catchment. 

Using this data, these areas are protected while the less environmentally sensitive zones can be developed. The 

question of accommodating the required building programme within the area allocated as being the least 
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environmentally sensitive is critical.  How is the amount of building required to fulfil the real estate criteria to 

make a profitable development able to be accommodated on a site that will almost inevitably be smaller than the 

normal development model requires? Van Roon points to the use of clustering as a building technique that can 

accomplish this task. Clustering the building programme will maintain and help to restore the existing 

hydrological network within the catchment. 

 

4.5 LIUDD Background 
LIUDD provides a comprehensive theory, practice and methods that can be used to design a new urban 

development in a more sustainable way through connection to the larger environment. Behind this methodology 

lie a number of key ideas and techniques. This section will discuss the theoretical hinterland behind LIUDD.  The 

broad aim of LIUDD is indebted to the ideas of sustainability and resilience.  

 

4.5.1 Sustainability  

The first agreed definition of sustainability is often located within the publication of the Brundtland Commission 
(World Commission on Environment and Development, 1987) This document defined sustainable development 

as “development that meets the needs of the future generation without compromising the ability of future 

generations to meet their own needs’.  The consequences of this report on how cities might be developed in a 

sustainable manner has many variations, one example being the goals developed by the European Environment 

Agency in 1995 (Wieringa, 1995). Sustainable urban development was defined as having the ability to:  

• Minimise the consumption of space and natural resources. 

• Ration and efficiently manage urban flows. 

• Protect the health of the urban population.  

• Ensure equal access to resources and services. 

• Maintain cultural and social diversity. 
Van Roon locates LIUDD within in this paradigm, explaining how it connects human development with the 

environment to ensure that any development is environmentally sustainable.  

 

4.5.2 Resilience 

Van Roon is also concerned with ensuring that urban developments are resilient to future events.  Definitions of 

resilience have passed through three phases, according to the prominent ecologist Carl Folke (Folke, 2006). 
Folke finds the beginning of the idea of resilience within ecology studies in the 1960s and 1970s.  From 

observations of interacting natural phenomena, ecologists found connections between random events and 

ecological processes. Resilience was described as ‘the capacity to persist within such a domain in the face of 

change’ (ibid pg. 254). Folke describes how these ideas came up against the steady state theory, the dominant 

paradigm in ecology at the time.  The steady state theory held that nature was in a state of equilibrium with small 

movement that would always return to the same state. As the concept of resilience became more accepted the 

concept of engineered resilience emerged. This view attempted to address the presence of disturbance in a 
system by concentrating on the return to the steady state after disturbance. This view of resilience concentrates 

on conserving and husbanding resources to ensure a constant functioning regime. Difficulties with measuring 

the recovery of a system after disturbance became pronounced. Another definition of resilience emerged: the 

adaptive system. The emphasis was on describing a fluid, unstable, dynamic world. Rather than a return to 

equilibrium the condition/state will undergo new processes after disturbance.  Folke describes how new ideas 

about systems moved from beliefs that systems are stable and predictable to ideas that systems can be 
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described as complex and adaptive.  Some common terms include non-equilibrium dynamics (a process of 

continual adaption), lack of hierarchy organisation, and non-linearity. 

Disturbance to these system takes many forms but with the advent of climate change the role of man-made 

disturbance has become increasing obvious, leading to a lowering of resilience in many systems. The concept of 

the adaptive system led to the development of a second stage of thinking about resilience that Folke (Folke, 

2006) describes as ecological/ecosystem resilience. Folke sees this category as being an advance on the 

engineered resilience, with the focus now on maintaining a stable system though a robust organisation. The 
characteristics of a resilient system are its ability to withstand disturbance in a robust manner and to maintain 

functionality. 

A third category, social-ecological resilience, has recently emerged. This is a departure from the other two 

definitions, untethering the concept of resilience from any idea of fixity or stability. Instead Folke (Folke, 2006) 

argues for a reconceptualisation of nature from a state of equilibrium to a more open, dynamic field of flows into 

openness. Folke sees the way in which disturbance can create the possibility of a renewal of systems through 

the recombination of different regimes and structures. This leads to the ability of regimes to self-organise into 
new configurations. The characteristics of this definition are the capacity of the system to absorb disturbance 

and yet retain an internal coherence, to be self-organising, and able to learn and transform from disturbance.  

 

This section will discuss the background to the first principles of LIUDD  

Primary principle: Work with nature’s cycles on a catchment basis to maintain the integrity and mauri of 

ecosystems  

LIUDD starts by building an understanding of how a development will be part of a larger ecological system, 

drawing on the insights of landscape ecology and urban ecology. In this way LIUDD places human’s activities 
within a larger ecological system.  

 

4.5.3 Urban Ecology 

The science of urban ecology uses the ecology model, the study of the way living organisms relate to each other 

and the environment, and places this study within an urban milieu (Niemela, 1998). Techniques and methods 

used in ecological studies are transferred to the study of the ecology of the city. Jari Neimela, Professor of Urban 

Ecology and Dean of the Faculty of Biological and Environmental Sciences at the University of Helsinki, defines 
urban ecology as being “ecological research in the urban setting” (Rebele, 1994). Neimela discusses how to 

incorporate ecological knowledge within urban planning regimes, what kind of nature exists in the city, and how 

can it be quantified. Neimela explores biotope-mapping techniques and information about location size and 

species composition of biotope patches. This data can be measured and presented as maps and databases.  

Neimela also discusses the knowledge of specific processes of human-induced disturbance and the effects of 

this disturbance on ecological succession.  

 

4.5.4 Landscape Ecology 
Landscape ecology is a science that spatialises ecological systems within a particular location, a landscape. 

Ecological processes are studied within a specific locale. The scale of a specific landscape setting will have an 

effect on a specific ecology or, more particularly, a specific ecotone (Forman & Godron, 1986). 

An ecotone is usually defined as a specific ecology community in a transitional zone like a riparian margin or a 

bush edge. An ecotope is a homogenous, ecologically distinct element. An ecotope is used to identify and 

measure the ecological viability of a specific environment.  
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The effect of disturbance within a system at one scale also has an effect on the next scale, either larger or 

smaller (Turner & Gardner, 2015).  A landscape can be conceptualised as a series of cascading scales in 

relationship to each other (or nested within each other). Decisions made within a certain landscape at a certain 

scale cannot be seen in isolation but will inevitably have an effect on another system at another scale. A good 

example of this landscape is the catchment. 

 

4.5.5 The Hydrological Catchment 
LIUDD uses the hydrological catchment as a defined landscape unit to place the urban development.  A 

catchment is a geographical unit in which the hydrological cycle and its components can be analysed (Cretu, 

Nagy, & Boncia, 2010). To understand how water will behave in the city or the countryside, the catchment 

(known as a watershed in America) is defined as a specific geographical unit. The catchment is a hydrological 

system within a geographically specific terrain. The extent of the watershed/catchment can be measured by 

taking a cross-section at 90° to a watercourse including the rising ground on both sides until the terrain drops 

into the neighbouring catchment. This point is known as a divide and defines the edge of the catchment.  

A catchment/watershed works in three ways. Once the rain has fallen into the catchment/watershed, the water 

percolates into the ground. The infiltration process is influenced by a number of factors: the topography, the 

climate, the sort of vegetative cover present, and the soil type. Secondly, the catchment stores rainwater within 
the ground as an aquifer, or spring. The type of surface cover of the catchment will often determine how deep 

the percolation goes. And, thirdly, once the soils are saturated, the rainfall begins to run off and form creeks, 

streams and rivers. They will lead to a point where the run-off discharges into a receiving environment, a larger 

river, a lake, or the sea (Calow & Petts, 1992).  

The catchment/watershed contains and is defined by a hydrological network. The network is made up of all the 

watercourses that discharge into a receiving environment. The operation of the network is influenced by four 

factors: the geology of the catchment, the slope, the climate and the environment (Robinson, Sivapalan, & Snell, 

1996). The watercourses themselves are classified, from upstream to downstream, into a hierarchy of orders, 
from their origin to confluence to termination. The entire network can be described as a river continuum. The 

model is based on an understanding of how a hydrological system within a catchment acts as an ecosystem. 

The watercourse is dynamic; it interacts with the adjacent riparian zone, soil, vegetation and topography. 

Changes to the surrounding or buffer conditions affect the condition of the watercourse. The river continuum can 

be divided into three sections: the headwaters, the middle reaches and the lower reaches. Each section can be 

described by the order of streams it contains and their typical gradient. Thus, the headwaters contain first- to 

third-order streams, usually with a steep gradient. The middle reaches contain fourth- to seventh-order streams, 

which are usually wider and with a lower gradient. This zone is usually industrialised/urbanised, so this water is 
usually the receiving environment for pollution. The last section, the lower reaches, is of larger-order rivers (H., 

Thoms. Martin C, & Delong. Michael D, 2008).  

 

This section will discuss the background of the secondary principles of LIUDD  

Secondary principles: Select sites for minimal impact/adverse effect; use ecosystem services and infrastructure 

efficiently; maximise local resource use and minimise waste.  

….. restore, enhance, protect, indigenous terrestrial and aquatic biodiversity. 

When planning an urban development with LIUDD methods it is important to select a development site that 

avoids any environmentally sensitive zones. The most effective way to do this is to place the development site 

within its larger geographical catchment.  
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Developing a criterion for making decisions about what parts of the site to preserve and which can be developed 

can be aided with McHargian planning (McHarg, 1969).  Techniques to quantify and represent the environmental 

condition of the catchment can be found in the use of specific GIS software (Shamsi, 2005).  

 

4.5.6 McHargian Planning  

Techniques to understand the ecological makeup of a catchment by carrying out an inventory of the unique and 

critical elements and to initiate an urban development process were originally advanced in the 1960s.  A 
methodology to understanding the importance of the site within the catchment in terms of the environmental 

impact of an urban development, and ensuring the protection of important ecological features such as the 

streams and native bush fragments was originally developed in Ian McHarg’s seminal text, ‘Design with Nature’ 

(McHarg, 1969).  

The book is a strange blend of autobiography, apocalyptic warnings, design case studies, and geographical 

mapping techniques. The central dialectic of the McHargian universe is city and nature. That Manichean choice 

– city bad, nature good – is repeated throughout the text, from reminiscing about his childhood growing up in 
Glasgow to confronting the environmental damage to the New Jersey shore after the storm of 1962 (eerily 

prefiguring the damage of Hurricane Sandy).  McHarg’s remedy lies in drawing a transect through the beach and 

dunes to reveal the underlying geographical structure of the shoreline. McHarg then shows how the insertion of 

housing has weakened this structure, leading to the subsequent damage of the coastline under storm conditions.  

McHarg deepens his argument, becoming more apocalyptic as he describes the effect of the post-war American 

economic boom on city development and the accompanying environmental disaster. This he blames on western 

Judaeo Christian culture with the emphasis on the individual rather than a collective or community 

consciousness. Another design case study is introduced, the siting of a future motorway alignment. McHarg 
introduces what he describes as the ecological view.  Here, a landscape inventory is taken of the site: slopes, 

drainage, erosion; then wider environmental criteria: flooding zones, recreational areas, habitats, forests; then 

social values such as land values, scenic values, historical values are mapped. These are all represented as 

grey tones on individual transparent maps. The transparencies are laid on top of each other, the darker areas 

with the most accumulated values are the most ecological and socially valuable. The lighter areas are therefore 

of less value; these are the areas that can be developed. In the case study of the routing of the Richmond 

Parkway, McHarg likes to pair practical, technical solutions for contemporary problems such as urban 
development and freeway routes with larger, theoretical concerns. He introduces the idea of the biosphere, the 

notion that earth is a closed environmental system that is experiencing an ecological crisis. Human actions are 

not only causing ugliness and disfiguring the landscape, but causing real damage to the ability of humans to 

keep living on earth. Another case study, this time an urban exploration of the location of public space in any 

future expansion of Philadelphia, is explored. McHarg uses this work to critique the idea of the grid or any other 

geometrically derived open space system. McHarg demonstrates the methodology of the ecological view by 

carrying out an ecological inventory of the Philadelphia region, starting with a hydrological inventory; surface 

water, flooding zones, marshes, and aquifers; followed by a valuable land review with a mapping of forests and 
agricultural land. Using the inventory, McHarg suggests which areas should be zoned for open space 

conservation and which areas could be zoned for development. The Baltimore Valleys study demonstrates the 

growing sophistication of McHarg’s methodology. Approached by a community group apprehensive about the 

threats of growing suburban sprawl from Baltimore, McHarg uses what he calls ‘Physiographic determinism’ to 

reveal where development could be allowed to happen without spoiling the natural beauty of the valley. 

Concurrent with this process he also carries out a study demonstrating what would happen to the valleys if 
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standard strip sprawl was allowed to happen. After carrying out an ecological inventory using a wide range of 

environmental data, McHarg uses a combination of agricultural values and the protection of the rivers and 

streams to prohibit the use of the valley floors for any development. Instead, the surrounding valley tops, the 

plateaus, are deemed as the best sites for development.  McHarg suggests that the most intense development 

should occur on the forested ridge. This case study demonstrates two of McHarg’s methods coming together to 

form a three-dimensional understanding of the site; the mapping sets up the basic nature of the plan while the 

section or transect helps to make the overall disposition. McHarg returns to the idea of the astronauts and their 
spacecraft, with the well-known 1960s metaphor of ‘Spaceship Earth’ (Fuller, 2008) and the necessity to live 

sustainably. The last design case study is the Staten Island study. Faced with a larger and larger amount of data 

and an extremely complex site, McHarg moves toward a coloured mapping system with three broad categories; 

conservation, (green) recreation, (blue) and urbanisation (grey). The ways in which the colour tones range and 

the way they merge and overlap describes the different degrees of each condition.  

McHarg’s mapping strategy, the gathering of data about the location of most ecologically important parts of a 

site, and then the logic of combining this data to demonstrate a hierarchy from the most ecologically 
important/valuable to the least, is easily digestible.  

The graphic representation of this data in the form of transparent maps is a magic wand that enables everyone, 

from experts to the general public, to understand both the process and the inevitability of the results.  One of the 

critical assumptions that McHarg adopts is that human activity, especially urban activity, is inherently deleterious 

to the environment. These activities are to be relegated to the areas not occupied by environmentally sensitive 

uses. Since McHarg’s analogue layering of maps, the process has been transformed digitally into what is now 

GIS mapping.  

 
4.5.7 GIS  

Geographic Information System (GIS) is software that helps in the analysis and design of data, especially 

environmental data (Schuurman, 2004).  A well-known brand of GIS software is ArcGIS, an Esri product. This 

software was developed by Jack Dagermont who had been a student of Ian McHarg, completing a Masters in 

Landscape Architecture at Pennsylvania State University. Dagermont took McHarg’s physical maps and overlays 

technique, and digitised them, enabling a complex range of environmental data to be both represented and 

analysed. While GIS is an omnipresent software that has a range of extremely sophisticated analysis, planning, 
and mappings tools, this section will look at the use of GIS for catchment planning. 

GIS can be used to map a catchment and to analyse the hydrological pattern. GIS catchment analysis starts with 

the construction of a digital three-dimensional model of a given landscape. A digital elevation model can take 

two different forms according to the base data; the first is a digital surface model, that is, a model that represents 

the surface of the earth plus all objects on the surface such as trees and buildings. The base data for this model 

might come from drone mapping. The second model is a digital terrain model that represents just the earth’s 

surface (I. D. Moore, Grayson, R. B. and Ladson, A. R. , 1991).  Base data for this model often comes from a 

surveying method such as Lidar.  
A digital elevation model is represented in GIS in both raster and vector files. The raster forms a grid with 

elevation points, and is known as a digital terrain model. In the vector form the model is known as a triangular 

irregular network (TIN). This is a series of points with three-dimensional coordinates that are joined in a 

triangular network. Using one of these base models, a number of environmental conditions of a site can be 

modelled such as the aspect of the site, its relationship to the cardinal points of the compass, the slope of the 

site and the gradient of the topography.  
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Using a digital model of the site, the hydrological behaviour and pattern of a landscape catchment can also be 

modelled (Shamsi, 2005). Using ArcGIS (ESRI) software, the original Digital Elevation Model DEM data can be 

integrated with hydrological information to determine the boundaries of a catchment network on any given 

terrain. ArcGIS is also able to map the area of rainfall within the catchment from point data. Using ArcHydro and, 

more recently, ArcPro, a range of tools in the ArcGIS toolkit can define the hydrological pattern and behaviour of 

the catchment area. The software can help define the catchment boundaries of the site and the stream order 

pattern of the site catchment from the edges to the discharge point. The modelling can also show the effects of 
an increase in rainfall and the effects of a lessening or increase in perviousness of the different surfaces in the 

catchment (Skidmore, 2002).  

While this software is typically used to determine the hydrological behaviour of unmodified catchments, it can 

also be used to determine the hydrological behaviour of urban catchments. However, when carrying out GIS 

analysis of an urban catchment, a number of specific urban/landscape conditions need to be taken into account 

to ensure an accurate measurement of catchment run-off. These conditions are artificial changes to the terrain 

through contour modification, an increase in impervious surfaces through building and infrastructure 
construction, and the installation of reticulated stormwater systems (Maksimović & et.al., 2009). These are all 

conditions that are not found in natural catchments but will affect the accurate measurement of the effect of run-

off within the urban catchment.  

The percentage of pervious and impervious surfaces within a catchment is a critical measure in understanding 

the hydrological behaviour within a catchment. If this information is not available as a shape file, then there are a 

number of ways of deriving this information. The simplest way to understand this ratio is through an aerial photo 

survey to measure the percentage of buildings and roads versus unbuilt surfaces such as parks and reserves. 

This method doesn't allow for any complex analysis to include factors such as the soil condition and the types of 
absorbent vegetation. To give more certainty, ground truthing (a site inspection) of the selected landscape can 

yield a more accurate analysis of the specificity of the ground conditions. Finally, a specialist investigation of soil 

and subsoil conditions will yield hard data on the ability of soils to absorb run-off.  

The construction of underground drainage systems has the greatest effect on the hydrological behaviour of the 

catchment. A drainage system can drain areas outside the existing catchment boundaries, thereby removing the 

immediate sub-catchment run-off from around that drainage point. Conversely, run-off outside a specific 

catchment can be drained into a catchment, thus increasing the catchment size.  
 

This section will discuss the background to one of the tertiary principles of LIUDD  

Tertiary principles: Encourage alternative development forms that retain or create natural space and increase 

infrastructure efficiency, and a sub-clause, cluster; favour vertical over horizontal form.  

This section will, in particular, look at the relationship of urban planning to environmental systems and, more 

specifically, at the idea of clustering building forms to reduce the percentage of impervious surfaces.  

 

4.5.8 Clustering 
Clustering is an idea that uses the amalgamation of buildings in a subdivision to free up land for other purposes 

such as amenity, recreation, utility or, in the LIUDD world, protecting environmentally sensitive zones. The 

traditional way in which building clustering occurs is the village, an urban form where houses are grouped 

together. This basic housing morphology can be amended in different way to produce different housing types 

that can still meet the definition of clustering, such as row housing.  
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An early definition of cluster housing is by William Whyte (Whyte, 1964). Whyte, like many American urbanists in 

the 1960s, was concerned with the results of the great suburban boom of post-war America and the concomitant 

phenomenon of urban sprawl. Whyte put forward the idea of cluster housing as a panacea to this problem. 

Whyte suggests that housing should be built at a greater density than conventional suburban housing by 

grouping conventional suburban houses onto smaller sections. Whyte justifies this action by outlining the 

economic and social benefits of clustering including the ways in which closer neighbours mean more 

cooperation and less maintenance of the private section.  
 

Whyte gives examples of cluster housing at different scales, starting with the more palatable examples that have 

a deliberate stylistic association with picturesque New England villages. The examples change to different house 

typologies, firstly the double-storey house, (which Whyte comments on favourably in comparison to the 

transparency of the single-storey, modernist range house). Whyte includes examples of housing developments 

not just on greenfield sites but ones that are close to the centre of established cities such as Washington and 

Pittsburgh. In the River Park project in Washington DC, the development is to the south of the Capitol. Designed 
by Charles M. Goodman, the development is a mix of what we might call terraced houses and an apartment 

block (Whyte, 1964). The terrace houses are two stories high with an extra storey provided by a barrel vault.  

These are grouped in short ‘bars’ of up to eight townhouses facing each other across a private courtyard. The 

parallel bars are arranged across the site in a tic tac formation, and public spaces and car parking are located 

outside of the bar formations.  To the rear of the town houses is a long, eight-storey housing slab block.  

 

Whyte (Whyte, 1964) has moved the definition of clustering beyond a physical gathering of single-storey 

buildings into the idea of the clustering of people, or intensification. Along with the change in housing type comes 
a commitment to the importance of open space. Whyte points out that cluster housing cannot simply be an 

excuse for cramming more housing onto a site, but its importance is as a device for the preservation of the 

natural features of the site, and the way in which the topography or existing vegetation can be preserved. This is 

an important connection in thinking about urban development that links Whyte (Whyte, 1964) and McHarg 

(McHarg, 1969).  

 

Christopher Alexander, an architectural theorist (Grabow, 1983), discusses the idea of cluster housing in his 
famous book,  A Pattern Language (Alexander, 1977), under the title, ‘Number 37 House Cluster’ . Alexander 

draws on his observations of suburbia where he sees that even within a suburban street, people will form an 

informal association of houses through social connections.  Alexander suggests how these social connections 

can be given formal and spatial coherence through the physical grouping or clustering of individual houses 

around a common space or green. Alexander suggests that each cluster should comprise a maximum of 12 

houses, which equals a maximum social equation of one representative from each house gathering around a 

kitchen table for discussion on the community direction (no couples allowed!!)  Alexander discusses the formal 

expression of this social organisation; the housing will be denser and closer together around the green while 
tapering off towards the boundary of the property.  

 

In a similar way to Whyte’s writing, Alexander then moves beyond the simple, physical clustering of single 

houses to an examination of a denser form of housing including row housing and what Alexander calls a 

Housing Hill (Alexander, 1977). With this housing model Alexander suggests retaining the family house as a 

basic building unit, and literally stacking individual houses on top of one another in an ascending four-storey 
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form. The houses are located on terraces and, as the terraces ascend, the house numbers contract, thus giving 

each house a small terrace/garden plot. Alexander suggests that the house hill is oriented towards the sun and 

has a central access stair.  With this model Alexander is suggesting that when greater density is required an 

aggregation of the family house is better than turning to the apartment building or tower block. 

 

Klaus-Dieter Weiss (Weiss, 2004) writes about the history of an apartment conceptualised as a cluster of 

houses.  All the benefits and individuality of the single-family dwelling are retained with the concurrent benefit of 
the house/apartment being located in the centre of the city. Weiss maps out an inventory of the ‘house 

apartment’ homes, starting with a number of unrealised paper projects from Le Corbusier in the 1920s (Le 

Corbusier, 1929) where evocative drawings are used to create the charm of the individual family home, 

especially outdoor living on the terrace, within the cellular structure of an apartment block.  

 

More contemporaneous examples are the famous Habitat for the 1967 Montreal Expo (Merin, 2013.) designed 

by Moshe Sadie. Here two contemporary concerns meet: an interest in pre-fabricated modular construction, and 
the desire for the individual’s form of the dwelling unit to be expressed. A similar approach was taken in the 

design and construction of the Lillington Garden project in Pimlico, designed in the late 1960s by Drabourne and 

Drake (Amery & Wright, 1977). The low-rise building used a complex sculptural elevation of terraces and roof 

garden planters, built in brick. 

 

Another example of clustering in housing practice is Kelling House in Clarkdale Street, Bethnal Green, London, 

designed by Denis Lasdun (Curtis, 1994) in 1957. The building is a collection of four 15-storey blocks around a 

central circulation lift core. Lasdun consciously rejected the modernist housing solution of the tower and slab in 
favour of a broken organic form which Lasdun referred to as ‘clusters’.  Curtis comments that Lasdun’s use of 

the cluster was trying to accomplish two things: keep the old working-class social patterns while at the same time 

affirming the importance of building density in the city centre and avoiding the suburban.  

The result is that the tower or slab block gives the same density as the traditional city block but with a much 

smaller footprint, preserving the natural landscape.  

The implication of this history for the conventional waterfront urban development model is twofold. Firstly, the 

economic rationale of the urban master plan based on a certain amount of saleable space can be reconfigured 
into a different urban form, thus ensuring the same economic return. Secondly, the fluidity of site planning 

demonstrated in this history could be drawn upon in response to the necessity of ameliorating critical 

environmental issues.  

 

4.6 LIUDD and Waterfront Development 

4.6.1 LIUDD Theory and Methods  

This section reflects on possible connections between LIUDD theory, methods and techniques and the 

environmental problems of the contemporary waterfront.  The discussion will canvas how the typical waterfront 
development is located within contemporary environmental concerns about the resilience of the waterfront 

development model.  The applicability of McHargian planning techniques and the use of GIS for both the 

mapping and analysis of these problems is discussed. Finally, the applicability, or not, of the LIUDD techniques 

to address the specific waterfront environmental issues is discussed.   
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4.6.1.1 Resilience  

The current waterfront development model is based on two criteria, a high-density, impervious, gridded master 

plan with an open waterfront promenade, and a real estate funding formula that relies on publically funded public 

space with privately funded building development. However, as pointed out in the previous chapter, any attempt 

to understand the construction of the contemporary waterfront must take into account the depreciation of 

environmental problems, soon to be aggravated by the effects of climate change.  

The concept of resilience offers a way to conceptually rethink the waterfront development model. The classic 
definition of resilience is the ability of an environmental/social system to return to its natural state after a 

disruptive event. The implication for building a resilient waterfront development is that it should be able to resist 

disruptive environmental events such as sea-level rise and flooding so that the development can continue to 

function as a financially and socially viable urban proposition. 

The concept of adaptive systems in thinking about the effect of climate change on urban waterfronts is explored 

by Klein (Klein et al., 2003). The authors identify four ways in which adaptive process can be used to increase 

the resilience of the waterfront project. These are: helping to increase the ability of physical infrastructure located 
on the waterfront to withstand flooding, changing specific management practices that are vulnerable to the 

effects of climate change, helping vulnerable ecosystems to adapt to the changes brought about by climate 

change, identifying vulnerable systems and processes and strengthening them (for example, using natural 

ecosystems like wetlands and marshes to protect against storm surges), and raising public consciousness about 

how vulnerable the waterfront is to the effects of climate change, thus helping stakeholders prepare for adaptive 

measures.  
The second, more contemporary, definition sees resilience (Folke, 2006) as the capacity of a system to 

transform to another state, yet to keep certain integral qualities, structures, identity and functions. The 
implications for waterfront design are that the accepted master plan must be transformed into a new 

configuration that accepts the disruption of environmental events such as flooding and provides the appropriate 

remediation regime. In the provisioning of this solution the existing conventional waterfront development plan 

has to transform, it cannot return to the existing pattern after the disruptive event. However, while the 

architectural, formal and spatial qualities of the waterfront plan may be transformed, the internal qualities of the 

waterfront development, the provisioning of public space, the connection to natural processes, especially the 

seaboard and, most importantly, the economic return, can remain intact. 
 

4.6.1.2 Urban Ecology, Landscape Ecology, The Hydrological Catchment  

Urban ecology is a science that gives a knowable and assessable framework in which to connect the urban 

waterfront to critical environmental issues. Rather than see the waterfront site as an isolated location that is 

assailed by unknowable external conditions such as flooding, sea-level rise, and polluted run-off, the study of 

urban ecology gives a framework in which to place the waterfront within a series of nested scales that vary 

according to specific environmental conditions. For example, pluvial flooding and stormwater contamination is 

caused by water movements within the surrounding catchment, the lack of biodiversity on a waterfront is caused 
by lack of connection to indigenous flora and fauna, occasioned by the destruction of all native habitats, and 

sea-level rise is caused by the melting of the polar ice caps (MFE Stats NZ, 2017). 

The sciences of urban ecology and landscape ecology also give an organising figure, the catchment, to help 

place the waterfront within a known and knowable structure. To start an investigation, the elected waterfront 

location can be reframed from its immediate property boundaries to be located within the larger urban 

catchment. The urban catchment locates the waterfront within a scaled relationship to the greater landscape.  By 
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rethinking the waterfront as part of a catchment, critical environmental issues, especially hydrological, can be 

located within a greater landscape/topography.  

 

4.6.1.3 McHargian Planning 

McHargian planning helps in the selection and preservation of ecologically important zones within a site and in 

gaining an understanding of the hydrological behaviour of a catchment, both in the generation of stormwater and 

pluvial flooding. GIS mapping helps to understand the scope of the urban catchment, and graphically represents 
the environmental features and provides an inventory of the existing conditions of the catchment. A simple 

mapping of the landscape, the topography, aspect, slope, and the ratio of permeable to impermeable can be 

configured. A more complex understanding of the hydrological conditions of the site can also be made, the 

overland flow paths, the areas of flooding, the amount of stormwater produced, and important data about the 

vulnerability of a waterfront development can be gathered from a study of the larger catchment.  

 

4.6.1.4 GIS Mapping 
GIS planning can carry out the mapping and analysis required to understand the four environmental problems: 

where and when urban flooding will occur, the deleterious effects of the loss of biodiversity, an understanding of 

the production of urban stormwater, and the effects of sea-level rise.  GIS mapping can also be used to model 

the necessary remediation measures.   

 

4.6.2 LIUDD Techniques and Waterfront Development 

Once the environmental problems are identified and mapped, their remediation can be addressed by five LIUDD 

techniques.  
 

4.6.2.1 Reduce Contaminants 

The discharge of contaminated stormwater from the immediate waterfront development and the larger urban 

catchment is a common occurrence in most waterfront projects. The original LIUDD prescription is reducing 

contaminants through the restoration and protection of the natural landscape. However, the waterfront is most 

likely to be located on a brownfield site so the natural landscape has either been buried under an industrial 

development or, more typically in a waterfront, the site is totally artificial, a reclamation.  
The discharge of contaminated stormwater on the waterfront coastal edge can be measured by the amount of 

water collected in the greater hydrological catchment. This can be calculated using the rational method.  A range 

of treatment regimes, structural and non-structural, can then be advanced according to the situation. Specific 

amelioration devices are also described in a previous chapter.   

 

4.6.2.2 Maintain Hydrological Neutrality 

An important method of reducing any detrimental effect of urban development on the environment, especially the 

hydrological network, is to maintain or restore the natural hydrology of the catchment. LIUDD has a number of 
techniques that help accomplish this goal. These are protecting the riparian margins of streams and overland 

flow paths, planting trees to increase evapotranspiration, and reducing impervious surfaces, buildings, roads, 

and footpaths. 

While these techniques are developed for use in a greenfield site, some specific environmental problems in the 

urban brownfield site could be addressed by the insights and techniques that this goal presents, in particular, the 

problem of pluvial flooding. The pattern of urban flooding within the urban catchment often mimics the 
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conventional hydrological network.  To remediate this problem some of the recommended techniques, such as 

the protection of the hydrological network, could be modified to include the protection or enlargement of the 

urban overland flow paths network to form conveyance channels and detention zones for pluvial flooding. The 

direction of the excess run-off can be mapped using GIS software. 

 

4.6.2.3 Reduce Impervious Surfaces 
An important LIUDD aim is the striving for an effective impervious surface of 15 percent within a catchment. The 
goal of having a more pervious surface, especially in an urban development, is desirable. This measure will 

allow for more rainwater absorption, space for stormwater treatment, encourage biodiversity though increased 

planting, reduce solar gain through tree planting, and increase social interaction though the provision of public 

space. The effective impervious surface of 15 percent means a continuous and unbroken impervious surface 

from the source to the discharge point into an adjacent water body, NOT a total of all the impervious surfaces in 

the catchment.    

However, the practical difficulties in achieving an effective impervious surface of 15 percent within an existing 
brownfield catchment are complex. Urban catchments are an accretion of many impervious surfaces, buildings, 

streets, footpaths, built up over many years.  To ‘disconnect’ the continuity of these surfaces, to create greater 

areas of impervious surfaces, within often highly contested sites with multiple ownership patterns, is difficult to 

conceive.  

However, it is with the typical waterfront development that the possibility of attaining an effective impervious 

surface of 15 percent seems to have the most chance of success. A typical waterfront development site is 

generally organised under a single government structure with authority over the whole of the development site. 

In this situation, the possibility of reducing impervious urban surfaces becomes viable. The LIUDD techniques 
and associated tools in real estate planning become creditable. Impervious surfaces can be reduced by reducing 

the building footprint by clustering building forms and urban layouts, making them malleable and responsive to 

the location of environmental remediation zones.  The mechanics of real estate development could help provide 

the motive power to undertake the clustering. The manipulation of the required GFA with a new FAR could 

reveal new development configurations. Ironically, the almost totally impervious industrial waterfront is the one 

urban site capable of responding to the aims of LIUDD. 

 
4.6.2.4 Protect and Enhance Natural Spaces  

While the typical waterfront is hardly a natural space, indigenous ecotones can be restored to help to address 

specific environmental problems such as the issue of coastal flooding.  To accomplish this goal the waterfront 

site should be mapped using GIS software to understand where coastal flooding is going to occur, and then 

ensuring these areas are protected and not built on.  To readjust the necessary waterfront building programme, 

the practice of clustering buildings and moving the building programme away from environmentally sensitive 

areas such as coastal zones is suggested. Coastal flooding can be measured by modelling sea-level rise using 

GIS. The effects can be ameliorated with techniques ranging from traditional, hard storm barriers to soft 
engineered solutions using natural systems like barrier planting and the restoration of littoral vegetation, as 

described in the previous chapter. 

 
4.6.2.5 Restore/Enable/Protect Biodiversity  

Protecting terrestrial and marine biodiversity through protecting existing sensitive areas on the development site 

is a critical part of increasing environmental resilience. These areas don’t exist in a waterfront site, therefore the 
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restoration of terrestrial and aquatic biodiversity will help to build up the ecological health of the site. Techniques 

from the previous section such as increasing pervious surfaces and planting trees, especially indigenous 

species, will all help to build up biodiversity which can lead to the creation of a viable ecopatch. Amelioration 

devices such as linking the waterfront development site to viable ecotopes within the urban region via corridors 

will help create a larger ecological network; see the previous chapter. One important consequence of the 

increase in the site’s biodiversity is the potential for reducing heat build-up causing the urban heat island effect.  

 
4.6.2.6 New Urban Form Through Clustering  

A critical element in ensuring the successful ecological functioning of the development site is the reduction of 

impervious surfaces, in particular, the reduction of the building footprint. As detailed in this chapter, this can be 

achieved through the architectural clustering technique which has a long history. The application of the idea of 

clustering to the urban waterfront is initially conceptually difficult as the long-established waterfront model, based 

on the new urbanist model, has proved to be very successful both socially and financially. However, the 

indubitable effects of the environmental problems as outlined in the introduction and expanded upon in the 
previous chapter suggest that a radical alternative urban form is necessary.  

 

4.7 LIUDD and the Waterfront. Theory, Methods, Practice. Summary and Discussion  

Summary 

This chapter investigates the way in which Low Impact Urban Design and Development (LIUDD) could provide a 

structure in which to carry out a research investigation into the ways to build resilience to the effects of the 

identified environmental problems on the contemporary waterfront.  The overall aim of LIUDD is to develop a 

system that enables urban development to take place, while at the same time minimising the deleterious effect 
that urban development has on the environment. LIUDD uses the hydrological catchment as a device to locate 

an urban development. This then enables the measurement of the environmental effects of urban development 

and the possible remediation. 

From this initial investigation, a design process could be sketched out to develop a new waterfront development 

process.  

The first stage would start with the environmental mapping of the urban catchment in which the waterfront 

development is located. A mapping of the environmentally sensitive areas of the site – slopes, overland flow 
paths and existing streams – would be undertaken. Hazard zones such as flood areas, both terrestrial and 

marine, could be considered. 

The second stage utilises the specific gaols and techniques found in LIUDD. Specific techniques include 

accommodating the overland flow path of pluvial flooding, providing a location for stormwater remediation, 

encouraging the growth of an indigenous ecotope to both boost biodiversity and to lessen the urban heat island 

effect, and allowing for sea-level rise through the buffering of the coastal littoral.  

All these measures require less impervious surfaces, that is, less building and more open areas. In many cases 

the required waterfront building programme is predicated on a conventional real estate layout. If critical areas of 
the environment are to be preserved this is often no longer possible. The conventional pattern of an urban 

development programme can be changed using the clustering goal. This goal describes the merging or 

amalgamating of building activities into a denser configuration within the designated zones. 

The speculative outcome of this tentative design process would be a new kind of waterfront development plan 

that would build resilience to the environmental problems outlined in previous chapters through the provision of 

appropriate remediation measures brought together under the structure of LIUDD.  These measures can be 
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located by GIS software to give an understanding of their spatial consequences for the waterfront development 

model.  

Discussion 

LIUDD was originally developed to mitigate the effects that an urban development would have on a greenfield 

site.  Can LIUDD help in mitigating the environmental effects on a brownfield site?   

The majority of the LIUDD goals seem at first glance not to be useful because of their origin in mitigating the 

effects of urban development in a greenfield site.    
Seven LIUDD goals are identified: reducing contaminants, maintaining hydrological neutrality, protecting riparian 

margins, increasing evapotranspiration, reducing impervious surfaces, restoring /enabling/protecting biodiversity, 

and deriving a new urban form through clustering.  

Protecting a riparian margin by planting along a stream or river edge is a goal that is difficult to attain in an urban 

waterfront. The existing stream networks are long gone, buried in a network of stormwater pipes or, if the site 

was a reclamation, they never existed.  

At the other end of the spectrum, reducing the entry of contaminants, especially stormwater into the surrounding 
littoral, is a goal with obvious application to a brownfield site.   

In a similar way, the clustering of buildings to reduce impervious surfaces in a brownfield site is again a relatively 

simple operation.  A simple gathering together of the Gross Floor Area (GFA) and modelling this quantity as 

outlined can accomplish this goal.  

The other goals seem at first glance more problematic. Reducing impervious surfaces to increase water 

infiltration is difficult in a brownfield site. Many urban development sites are highly compacted and contaminated 

with industrial pollution. Stormwater run-off has the potential to move existing contaminants in the soil into the 

groundwater. In a similar way, another LIUDD goal – increasing evapotranspiration through the growth of trees 
and vegetation – is often limited due to the poor growing conditions of urban soils. This means that the larger 

goal of restoring /enabling/protecting biodiversity through the planting of trees can be difficult to achieve. 

However, a number of solutions are available. In the long term the phytoremediation of the site by planting with 

selected species and the progressive removal and replacement with desired species can help. In the short term 

the simple amendment of the existing soil with organic compost. This can then enable the technique of 

increasing biodiversity through the development of an ecopatch, as outlined in chapter 3, to occur.  

Maintaining hydrological neutrality by restoring the natural hydrological pattern to a catchment seems to be a 
very difficult goal to achieve in a brownfield inner-city urban site. However, by recognising and protecting 

overland flow paths and flood zones in a development site, the chance to plan for the amelioration of the effects 

of pluvial flooding in storm events through the creation of conveyance channels and detention zones is possible.  

Protecting and enhancing natural spaces seems a difficult goal for an urban site in which natural spaces with 

native planting have long since disappeared. However, by recreating certain native ecosystems as outlined in 

chapter three, the amelioration of certain environmental problems can be achieved. 

Overall, the investigation found that LIUDD did offer both a conceptual structure and goals to help develop a 

series of design methods to address the environmental problems of urban run-off and flooding, avoiding the 
worst consequences of sea-level rise, and increasing the biodiversity of the city.  

 

The next chapter will explore what kind of research methodology would be appropriate to address the research 

question. 
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Chapter Five  
Methodology and Methods   
 

5.1 Introduction 

The contemporary waterfront has been an extremely successful real estate and urban design proposition for 
over 40 years, however, it is especially vulnerable to a number of serious environmental issues: flooding, sea-

level rise, an increase in stormwater contamination and a loss of urban biodiversity, which will become 

exacerbated by climate change.  
To establish the appropriate research methodology to address this problem, an exploration of three research 

modes – inductive, deductive, and abductive – will be carried out.  The use of research by design and the case 

study, specifically abductive methodologies, will be explored.  

 
5.1.1 Deductive/Quantitative Research 

Deductive reasoning begins with a statement, a contention, then looks at the ways in which this contention might 

be brought to a logical conclusion. Quantitative research is a typical example of how deductive reasoning works. 

Quantitative research is concerned with measurable data collection and analysis via statistical, mathematical or 

numerical analysis. The classic quantitative research methods are scientific, that is, objective, seeking to 

measure and assess, trying to understand cause and effect relationships. (Mis, 2012).  

A typical description of the scientific method defines five broad stages: the framing of a research question, the 

construction of a hypothesis, speculating on an outcome, (or making a prediction), testing the hypothesis 
through experimentation, and an analysis of the results (Wolfs, 2012). Constructing a research question starts 

with investigating previous scientific inquiries then experimenting and building on the results. Forming a 

hypothesis is a speculation about the behaviour of an observable phenomenon. The hypothesis is followed by a 

prediction based on a conjecture that something will happen as a logical consequence of the original hypothesis. 

To prove the hypothesis and the prediction, the hypothesis is tested with measurable experiments to see 

whether they agree with the hypothesis. The last stage is the analysis: what do the experiments show, do they 

agree with the hypothesis? can the experiment be iterated with new data?  what will the effect be? (Neuman, 
2012). 

Hughes (Hughes, 2001) characterises quantitative research use in the social sciences in three ways.  The first is 

that the inquiry must be controlled, that is, the large number of variables in a social science experiment must be 

narrowed down to as small a range as possible, isolating the cause of the effect. The second criteria for the 

successful application of this method is identifying the terms of the research question as a set of clearly defined 

operations which are associated with a clearly defined metric.  And, lastly, at the end of the experiment, the data 

that is produced must be replicable, that is, the experiment can be carried out again with the same results 

(O'Leary, 2017).  
A typical quantitative research project in the social sciences starts with a hypothesis which can be either proved 

or disproved by mathematical or statistical means. Quantitative research is used to understand the relationship 

within a population of a variable and a dependent. The research can be either experimental, that is, measuring 

the effect on something before and after an event, or descriptive, that is, measuring the experience of a subject 

once. The character of this research method is very similar to the scientific method in that data is gathered using 

recognisable research methods in response to the clearly defined research question. The data is numerical 

and/or statistical, that is, derived from a number of sources including questionnaires.  The aim of quantitative 

research is to classify the collected data, and to use statistics to build models to explain the observed actions.  
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This process of this research method produces a set of verifiable quantitative data that can then be used for 

further analysis including statistical analysis for in-depth exploration of a research problem.  

The limitation of this method in the social sciences is that a scientific method is used to try and understand 

human experience.  This is a complex field in which it is difficult to rule out all the variables in the disparity of 

human experiences. Humans have their own agency, therefore, they can respond in many different ways to 

events rather than the more predictable and, therefore, more measurable non-human phenomena found in the 

typical scientific inquiry. The researcher’s own experiences can also determine the question, investigation and 
interpretation of the research, thus destroying any claim of objectivity.  

 

Quantitative research is useful for some aspects of this research investigation, especially in understanding the 

impact of certain specific hydrological phenomena. The production of stormwater in an urban catchment, as 

described using the rational method, and remediation using wetlands, can be in understood using TP10 (ARC, 

2003). Likewise, pluvial flooding and sea-level rise are both phenomena that can be isolated and the effects 

measured and evaluated. The remediation of these phenomena is also clearly understood and can be tested 
and evaluated. However, the conjunction of these environmental phenomena with the urban design model of 

waterfront development is complex and difficult with many unknowable variables that this methodology is not 

solely able to address. 

 

5.1.2 Inductive/Qualitative Research  

Inductive reasoning starts with making generalisations from observations, the research investigation moves from 

the specific to the general.  Observations are made of phenomena; the researcher tries to find a pattern and 

from this, a generalised theory. Qualitative research is grounded in inductive reasoning.  This is a research 
methodology that mostly studies human behaviour. The method is drawn from the natural sciences, primarily as 

a response to the perceived shortcomings of quantitative research (Merriam & Tisdell 2015). 

The qualitative research method seeks to understand the way the social world works through a number of 

theoretical models, which include may include Ethnomethodology, Phenomenology, Grounded Theory, 

Interpretivists, Feminist, and Critical Social Science (Hammersley, 2013).  

Qualitative research methods take a holistic approach to the research problem; the techniques include the 

collection of data through observations and interviewing. The qualitative research method is interested in 
developing an open-ended process where an understanding of the data leads to the development of new 

theories rather than the testing of existing theoretical constructs.  

Qualitative research is interested in trying to understand how people interact within the world and what the 

explanations for particular actions are. Typical qualitative research questions are: what are the ways that people 

are affected by specific events? And, how do specific cultures at any size or type behave the way they do? To 

answer these kinds of research questions, specific techniques have been developed to engage with social 

groups and individuals by interacting with them through an interview or observation. 

Once data from the interview or observation is collected, it is analysed in two ways. The first is a 
description/summary of the information or a more interpretive analysis of the data which attempts to give a rough 

shape to the finding. The data can also be presented in a statistical manner to understand the commonalities 

and variables in the responses. The research findings are descriptive of the particular problem/issue that is 

being investigated, and therefore wholly subjective and interpretive (The University of Surrey, 2016). 

Some of the challenges of qualitative research are laid out by Koks (Koks, 2015 ). 
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Most of the limitations around the methodology are to do with the collection of data. Koks outlines how the 

results of the qualitative research method might be limited by the collection of individual and group data. The first 

group of problems is around the assembling of the sample group; the size of the group, especially if it is too 

small, can be a problem as generalising observations from too small a group can lead to inaccuracies. A similar 

problem can arise with the way a group is selected. The second possible prejudice in the data collection is 

around how the observer of the group sampling might themselves be biased, e.g., the act of being observed is a 

well-known cause for a group to give a biased response.  
 

The scope of this research project is limited to the environmental problems of the contemporary waterfront and 

their remediation. The social dimension of the way these conditions will affect the design of the contemporary 

waterfront development was specifically excluded from this study. The particular strengths and applicability of 

the qualitative research in understanding the social world, while potentially very useful, are not applicable for this  

this study.  

  
5.1.3 Abductive/Research by Design  

A third kind of reasoning is the abductive (Bradford, 2017). A definition of this process is the way in which a 

research problem can be approached with a partial set of observations. The reasoning is then concerned with 

making a best guess based on the data available at the time. A number of researchers have linked abductive 

reason to the design process. Brian Davis, Associate Professor at Cornell University, compares the abductive 

process to that of the design process (B. Davis, 2016). Davis likens the formation of a provisional hypothesis 

through incomplete observation to the design proposal. Testing the proposal typically uses design methods like 

sketching and modelling based on the information available. The results are provisional and not complete. 
Writing about product design, Jon Kolko (Kolko, 2010) compares the abductive reasoning process to design 

synthesis. Kolko argues that abductive reasoning creates new knowledge.  Like Davies, he sees parallels to the 

design process where intuition and insight play a direct role in the method. Kolko quotes Charles Pierce: "The 

abductive suggestion comes to us like a flash. It is an act of insight, although extremely fallible insight. It is true 

that the different elements of the hypothesis were in our minds before; but it is the idea of putting together what 

we had never before dreamed of putting together which flashes the new suggestion before our contemplation." 

(Peirce, 1988) pg. 157.  
 

Research by Design (RbD) is an attempt to theorise abductive reasoning as a research procedure.  RbD is a 

research methodology that was developed in the early 1990s, firstly in London at the RCA with Christoph 

Fraying, and then most famously in the Southern Hemisphere by Leon Van Schink at RMIT in the late 1990s 

(Schaik, 2011).  In any definition of RbD, design itself becomes the critical component of the research 

method/process. It is the act of design that generates the research that leads to the accompanying or 

subsequent insights, practices and knowledge. The effect of design research is to stimulate critical inquiry and a 

new discourse about design practice.  
The use of RbD in this thesis is located in the wider RbD field by using a paper, Discussions & Movements in 

Design Research, written by B. Sevaldson, to frame the specific methodology. Sevaldson attempts to synthesise 

the different design research approaches by using a systems approach. Firstly, the author defines design 

research within the larger field of practice research.  He looks at how practice research is defined by different 

authors and then how design research might be defined. In this section, the author gives six specific definitions. 

These are design research, research into design, research through design, research by design-oriented 
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research, research-oriented design, and design-orientated research. The WQ research project falls in the 

research by design category.  Sevaldson defines this research model as: ‘where the explorative, generative 

innovative aspects of design are engaged and aligned in a systematic inquiry’ (Sevaldson, 2010) (page 11). 

Sevaldson describes how, within the process of design, design practice has key elements of the research 

process: investigation and the generation of new knowledge. Partnering this process with reflection then 

qualifies the design work as research. In the second section, Sevaldson discusses the current thinking about 

design research; the author defines eight approaches: the first three are research for practice, research into 
practice and research through practice. The next approach is research by design, a way of connecting design 

research to academic research. The fifth approach attempts to distinguish between problem solving and creative 

practice, the sixth looks at the connection between tacit and explicit knowledge and the design process as a 

research process. The seventh looks at the history of design, and the last approach considered the way in which 

design research interacts with an unpredictable world.  

The research methodology adopted by this thesis is the third approach, research by design. The author cites 

Donald Schon (Schon, 1995) and his technique of reflection in action which has contributed to the central 
technique of research by design – the reflection on the results of the design process.  

Sevaldson then discusses the supposed division of design research from a traditional science-based research 

model. The author discusses eight approaches. The first is a naive view of the science model as being 

completely antithetical to the design research model. The second approach attempts to connect design research 

with social science research. The third approach shows the connection between history and theory research and 

design research. The fourth approach drills into how social science research might connect with design research 

and find dissonances. The fifth approach acknowledges the complexity of social science research; the sixth 

approach looks at one aspect of science research, visualization, and suggests that the techniques can be 
conceptualised as research processes. The seventh approach acknowledges that social science can adapt to 

investigate particular problems that are difficult to define, and uses exploratory and intuitive approaches similar 

to that of research by design and, lastly, there are a number of approaches looking to a softer scientific research 

method.  The research methodology of this thesis, while using RbD as the central methodology, definitely makes 

use of a number of research techniques that are drawn from the social sciences, in particular, from the field of 

landscape and urban ecology and the field of real estate economics.  

The author then considers the global discussion around design research. Sevaldson finds six approaches; the 
first and second are an integrated and transdisciplinary approach, and a separation between theory and 

practice. The third approach names the place in which design research can happen, the lab, the field, or the 

gallery. The fourth approach builds on the idea of creating a space for research that the author names as the 

rich design space. The fifth approach emphasises the design experiment and its connection to the research 

model, and the sixth approach is clinical research. From this discussion, it will be seen that this research project 

belongs to the design experiment approach.  The author defines one of the key aspects of design research as 

being the design experiment, where the approach is intuitive and the outcome is unknowable.  However, the 

inquiry is still towards a new area of knowledge. The author suggests that the distinguishing features of the 
design experiment are that they are found typically found in academia rather than in commercial practice.  

The RbD research methodology used in this thesis shares many of the features defined by the author.  Design 

as a process is used in an intuitive, experiential way to try and gain new knowledge about a real problem in the 

world. This design experimentation of the thesis mainly happens in an academic environment.  

The author moves onto three perspectives of how practice and research reflection can relate to each other. The 

author describes three perspectives: the first, second and third person. This research methodology in this thesis 
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corresponds best to the first-person perspective.  The author describes how the individual designer / researcher 

is not only immersed in the design process but is actively reflecting on design.  This iterative process is critical to 

the research process, as is the ability to ponder and reflect on the process and then communicate the findings. 

Sevaldson (2010) then summarises the seven design research processes: research into practice, retrospective 

research practice, contemporary practitioner study, practice research in action, science and technology studies 

driven by research by design, experimental design practice, and theory driving experimental design research 

practice. This design research methodology is probably most closely aligned with experimental design practice. 
Sevaldson describes the key features as a process that is experimental and engaging in a ‘what if’ process. The 

importance of the relationship between the process and the result leads to a connection that when the process 

changes so will the result. The process is based on a first-person perspective, with explicit connection between 

the design process and feedback in the form of writing.  

Roggema (Roggema, 2016) argues that RbD is an appropriate research tool for speculative research projects 

that look to the future and are concerned with ‘complex environmental challenges’. Roggema discusses how 

planning for the future cannot be constrained within a conventional traditional research framework, but is of 
necessity speculative and as such must be open to a process that is open-ended, open to an iterative process 

that is ‘reflective’. Roggema particularly believes that environmental problems such as those that are caused by 

climate change are amenable to a RbD approach because of the unknowable outcomes.  Roggema then defines 

a clear methodology for RbD by listing its different modes. RbD is the study of the design process, a study of the 

knowledge that is produced by designing. It can also be the study of the different modes of the design process, 

that is, the ways in which people design. It can also be a study of how design can work as a testing process. 

RbD can also reach into allied fields of cultural and social production.  

 
Roggema (Roggema, 2016) defines a number of different modes of RbD: research through design, which is 

focused on the traditional artistic activity of making an artefact/object. Research about design is about the actual 

process of design, and research for design is research that is about improving the design process. 

Roggema (Roggema, 2016) breaks down the RbD process into three parts which he names as analysis, 

projection and synthesis or, the current situation, speculation about the future, and the solution. 

This model is echoed in other research (Milburn & Brown, 2003) with the definition of the design process 

including three phases: predesign (which is similar to the analysis phase), the design phase (using whatever are 
appropriate modes, analytical and speculative), and an assessment phase (where the design work is judged).  

 

Milburn’s study looks at how research is incorporated into the design process by landscape architectural 

educators. He finds that there are three stages of the design process where research is used. Within each of the 

stages the author finds that there are two modes or ways in which research is utilised. In the before design 

phase, research is used to carry out background investigation of the design problem, investigation into case 

studies and precedents, and framing the issues within a large theoretical context. The other mode is the more 

traditional site analysis and inventory of the site’s properties. The two research modes in which the concept 
design phase occur are part of the gestation of the concept design and the way in which the concept might be 

integrated with the site.  

 

Milburn drills down into the design phase and finds five ways in which designers use research within the design 

process. These are artistic, intuitive, adaptive, analytical and systematic. Research is seen to play a limited role 

in the artistic mode, especially in the concept generation; here research is seen as something that is left behind 
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or perhaps transcended. A similar approach to research is seen in the intuitive model where the concept phase 

is seen as being removed from research processes or findings. The adaptive concept design mode is informed 

by research in the predesign phase, that is, the concept work adapts the concept to the research about the site; 

for example, a design concept is informed by the site conditions as revealed by the predesign research. The 

analytical model is the more traditional mode of research where research is used to consciously inform the 

design process by informing and interrogating the site and helping to frame the theoretical framework of the 

design problem. The author suggests that this model emphasises the design process rather than the actual 
design outcome. The last mode that the author suggests is the systematic approach, where research is fully 

integrated with the design process. Milburn suggests that this integration leads to a formulistic and standardised 

solution.  All these modes do share a way in which research can be used after the design concept has been 

developed to both assess the design work development and to subsequently modify any design decisions if 

required by the research information.  

Milburn’s understanding of the part that research can play in the landscape design process is as something that 

is external to the design process. Milburn also believes that the design process is something that follows an 
analysis/concept/developed design model. These three phases could be rethought as a research question, the 

design phase where a non-textural product is produced to answer the question, and then a synthesis where the 

outcome of the research is transmitted to the wider community.  

Another RbD model (Hauberg, 2011) follows a six-stage process. The process begins with what the authors call 

perception and investigation. The start of the design process is the theoretical underpinning followed by the 

typical formulation of the research question. The next stage is the formulation of the necessary programme, the 

proposal and the rationalisation. A design proposal is developed as a response to the programme, then the 

rationalisation, the theoretical framing of the proposal, and the testing. Communication is the last part of the 
process; this is the outcome of the design, an artefact, a drawing, a map, an object, that can be assessed.  

 

Roggema (2016) attempts to synthesise all these different definitions into a single methodology, which he 

illustrates with design examples from studio projects.  Roggema divided the different stages of the RbD process 

into three simple blocks: predesign, design and post design. 

Predesign is the start of the RbD process with the analysis and instigation of the problem but in a ‘designedly 

way’. Roggema points out that this is a good time for reflection about the applicability of the process to the 
problem; could the problem be answered with a more traditional research methodology? 

The design stage is where the effective component of typical design moves from inquiry to proposal. It is in this 

process that Roggema finds the potential for fresh research results, findings that move beyond traditional 

methods into a speculative future. This kind of process is best suited for projects with an uncertain, unknowable 

future such a site challenged with climate change.  

The post design phase is concerned with the presentation of the research design work; what will the future look 

like? Here, communication of the finished work to the outside world is critical. 

 
5.1.4 The Case Study 

Using a case study (Groat & Wang, 2013)  to investigate the research question is a useful method within RbD.  A 

case study is a research inquiry in the ‘real world’, that is, the investigation engages with the subject within its 

own context. This makes the method an effective tool as it requires an understanding of the real-world issues 

and complexity that a real-world site contains. A case study investigation can help to describe, explain or explore 

a phenomenon. In carrying out the research the case study investigation can help expose the causes of certain 
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phenomena. The case study can also assist in the development of new theory. Theory in this sense means more 

of a proposition that is developed with the results of the investigation.   

The case study investigation is distinguished by the use of many different sources of data to support the thrust of 

the research investigation. And the results of a case study investigation can be generalised to suggest the 

applicability of the results for similar situations.  

 

The authors (Groat & Wang, 2013)  suggest that there are number of strengths and weaknesses of the case 
study as a method of research investigation. The first is the way in which the case study is linked to the 

physicality of the site and then to the surrounding context. This helps give this method a grounding in the real 

world, however, at the same time, this can lead to an information overload when starting to engage in the 

complexity of a real-life site.  

In a similar way, the use of a case study investigation to explain and link causation can be a useful part of the 

research process but, at the same time, uncovering these links can become extremely complex.  The importance 

of being able to assimilate the wide variety of data sources is critical to the success of the project, and the 
authors point out that the researcher can be overwhelmed by the materials and have difficulty in finding a way to 

order the different sources.  Using the results of the case study to generalise to extrapolate the results can be a 

very useful outcome with immediate applicability, however, the results, by their very nature, can be very complex 

and difficult to define, let alone to generalise.   

 

5.1.5 Methodology. Summary and Discussion. 

The implications that the environmental problems, as outlined in previous chapters, present to the continuing 

viability of waterfront development are extremely challenging. Having canvassed the conventional research 
methodologies to assess their suitability to address these issues, certain qualities stand out. The qualitative 

methodology has the potential to measure a technical response to the environmental issues. However, while it 

would be possible to isolate one particular problem and address it successfully with this methodology, the 

breadth of the research question makes the use of this methodology limited. The quantitative methodology 

would be able to help measure the public response to changes to the waterfront development model, however, 

the social realm has been purposefully excluded from the study.  

The advantages of the Research by Design. methodology are in the ways in which the speculative possibilities 
generated by the design phase of the investigation can open the complexity of environmental problems and the 

consequences of the remediation to a range of different scenarios that might not have been generated by 

conventional research methods. 

The next section speculates on how the RbD and case study methodology might connect to the environmental 

problems of the typical waterfront design and methods and techniques of LIUDD.  

 

5.2 Research Methods: LIUDD and Waterfront Design. 

The RbD methodology can provides an armature in which to carry out the research investigation. As outlined by 
Milburn (Milburn & Brown, 2003), there are three parts to the RbD structure: predesign, design and post design.  

Low Impact Urban Design and Development (LIUDD) can then provide the methods and techniques to carry out 

the research investigation of a case study waterfront development. (Architectus, 2007)  
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5.2.1 Waterfront Predesign. 

Roggema defines the predesign stage as having similarities to the traditional site analysis but in a way, that is 

designedly, open to intuition and the ability to make unexpected connections between disparate fields.  

The predesign stage works at two scales, the theoretical and the pragmatic.   

Firstly, the theoretical: the waterfront is located within a theorised discussion about its place within contemporary 

environmental concerns about the sustainability and resilience of the waterfront development model. Secondly, 

the waterfront is located within a clear spatial site, the hydrological catchment. The environmental mapping of 
the urban catchment in which the waterfront development is located encompasses the environmentally sensitive 

areas of the site, slopes, overland flow paths and existing streams. Hazard zones such as flood areas, both 

terrestrial and marine, can be considered. 

 

5.2.2 Waterfront Design  

Roggema defines the design stage as the moment when the research investigation moves from inquiry to 

proposition. For the contemporary waterfront development, the environmental problems identified and mapped in 
the predesign phase can be addressed in a holistic manner in the design phase.  

The design phase utilises the specific gaols and techniques found in LIUDD. Specific techniques include 

accommodating the overland flow path of pluvial flooding, providing a location for stormwater remediation, 

encouraging the growth of an indigenous ecotope to both boost biodiversity and to lessen the urban heat island 

effect, and allowing for sea-level rise through the buffering of the coastal littoral. All these measures require less 

impervious surfaces, that is, less building and more open areas. In many cases the required waterfront building 

programme is predicated on a conventional real estate layout. This is often no longer possible if the critical areas 

of the environment are to be preserved. The conventional pattern of an urban development programme can be 
changed using a technique called clustering. This is a technique that describes the merging or amalgamating of 

building activities into a denser configuration within the designated zones. 

 

The case study can be used as an investigative tool in the sense of describing, explaining and exploring existing 

waterfront developments in the real world and using these to help locate the research problems. The existing 

waterfront can firstly be described using a real-world case study and assembling data from a variety of sources, 

from the genesis of the project to the design and finances.  The case study could then be examined to look at 
the chain of decisions that have been made that lead to the development of waterfront project. From a study of a 

number of waterfront developments, some general themes about how current waterfront development are 

planned could be extrapolated.  

Thinking about the case study as a research tool in the investigative sense, the Wynyard Quarter, Auckland, 

New Zealand, presents a real case study site which is a kind of nexus for many complex and difficult issues that 

surround waterfront developments. Using the case study methodology as an exploratory tool helps to uncover a 

set of specific problems – the environmental issues that affect the WQ waterfront development.  From these 

problems, a set of causal evidence about the effects of environmental problems on the WQ can be made. From 
this investigation, a series of new waterfront development processes that address the specific environmental 

issues can be extrapolated. Finally, by examining the results, a new theory of waterfront development may be 

generalised.  
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5.3 Research Methods: Summary and Discussion  

Summary  

This section summarises the three research methodologies and tests them for their applicability to addressing 

the research question. 

The quantitative method can be used to understand the amount of run-off produced in an urban catchment as 

both stormwater and flood water. This method can also be used to understand the design of any remediation 

measures such as buffering to help to alleviate pluvial flooding and increase coastal protection. A quantitative 
method such as cost analysis can also help in assessing the financial viability of a waterfront project, in 

particular, the costs of environmental remediation.  However, the  research by design methodology was chosen  

 

Discussion 

Biggs and Buchler (Biggs, 2008) write about some of the problems that surround the field of research by design 

or, what they term, practice by research. They suggest that some confusion is present about the terms in which 

design practice can be considered research. The authors suggest two problems, firstly, that design practitioners 
typically define their work as ineffable, that is, it cannot be defined and, secondly, the problem of circularity.  The 

authors suggest eight criteria that might help define design practice research. The first four are allied to 

traditional research investigation methods, and the last four more specifically address design practice research. 

The criteria defining design research that are drawn from traditional research are that the investigation must 

have a question, it has to be sustained within existing knowledge, there needs to be a known and 

understandable method used in the investigation, and there has to be an audience for the research work.  

 

This RbD investigation addresses these four criteria in the following ways ; the research has a relevant research 
question, the question is situated in current practice, urban waterfront design.  A known and readily understood 

research method, LIUDD, is used to carry out the investigation, and an audience for the research findings is 

clearly identified – stakeholders in waterfront development who are concerned about the impact that climate 

change will have on these developments. 

 

The next chapter will demonstrate how the RbD methodology and  LIUDD methods can help in the development 

of a new waterfront development process for the Wynyard Quarter, Auckland, NZ. 
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Chapter Six  
Case Study Wynyard Quarter  
6.1 Introduction 

This chapter will address the research question with a specific case study, the Wynyard Quarter (WQ), 

Auckland, New Zealand.  

 

The Wynyard Quarter is a contemporary waterfront development located on the Auckland waterfront in New 
Zealand. The project is a highly successful urban project with many urban design awards (Stuff, 2015). However, 

it has a number of environmental problems, in particular, the contamination of the immediate receiving 

environment by polluted stormwater (Smedley, 2011), pluvial flooding after storm events, the threat of marine 

flooding from sea-level rise, and a lack of biodiversity. These problems will inevitably be exacerbated by the 

effects of climate change. 

A number of measures have been put in place to remediate and lessen these problems.  For example, small 

swales have been installed at various locations in the WQ to treat local stormwater run-off (TCL+WA, 2012),  
however, the contaminated stormwater from the larger Freemans Bay catchment is still discharged at the coastal 

edge.  

 
6.1.1 Investigation 

This investigation will start with a description of the WQ, the existing development master plan, the proposed 

height and FAR plan, and a description of the current development to date.  

The next part of the investigation is an inquiry into whether there are any environmental problems to be found on 

WQ. The study found a number of reports such as the Sustainable Development Framework (Waterfront 
Auckland, 2013) that specifically consider the effects of stormwater contamination, sea-level rise and the lack of 

biodiversity. This work is canvassed and summarised in section 6.5. The conclusion is that the response by the 

relevant authorities is piecemeal and not sufficient, especially in the light of how climate change will exacerbate 

the consequences of these environmental issues. This section closes with the conclusion that a different way of 

looking at these issues is required. 

 
6.1.2 Methodology 
This chapter will use the three-stage research by design methodology with LIUDD theory, goals and methods to 

address the environmental problems and answer the research question.    

 

6.1.2.1 Predesign 

The investigation will start with the predesign phase (a phase that shares some similarities with site analysis). 

Using the first LIUDD principle, Working with nature’s cycles on a catchment basis (M.  Van Roon & Van Roon, 

2005) the WQ master plan is understood to be part of a larger environmental system, the catchment, and so is 

placed within the larger Freemans Bay catchment.  
The scientific method will also be used in the predesign stage to uncover, map and analyse some of the 

environmental problems.   

6.1.2.2 Freemans Bay 

A catchment analysis of Freemans Bay is carried out. A short history of the catchment is followed with data 

gathering. A physical, geographical and hydrological mapping analysis of the Freemans Bay catchment is 
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undertaken using ArcGIS to reveal the terrain, both natural and artificial, the overland flow path pattern, and the 

pervious/impervious surface ratio.  

Two specific environmental problems are uncovered, the first being the collection of contaminated stormwater in 

the catchment and, in particular, wastewater overflow, the second being pluvial flooding. (Additional data is 

obtained through the Auckland Council Geomaps site.)  

 

6.1.2.3 Wynyard Quarter 
A sub-catchment analysis of the WQ is carried out. A physical, geographical and hydrological mapping analysis 

of the WQ catchment is undertaken using ArcGIS to reveal the terrain, both natural and artificial, the overland 

flow path pattern, and the pervious/impervious surface ratio. The extent of the pluvial flooding during storm 

events is mapped as well as the track of overland flow paths (the data is provided by Auckland Council’s 

geospatial division). The extent of coastal flooding is mapped with flooding zones revealed (data is provided by 

Auckland Council’s geospatial division). 

6.1.2.4 Wynyard Quarter: Design 
This section uses the mapping and analysis of the Freemans Bay catchment and WQ, and the identification of 

the four specific environmental issues as a platform to develop the design process.  

This section uses the LIUDD goals: Reduce contaminants, maintain hydrological neutrality, increase 

evapotranspiration, protect and enhance natural spaces, restore/enable/protect biodiversity, and consider new 

urban form through clustering, (M.  Van Roon & Van Roon, 2005) to help address the environmental issues, in 

particular, the effects of pluvial flooding, the discharge of contaminated stormwater, sea-level rise and a lack of 

biodiversity.  

 
The first LIUDD goal is to reduce contamination. The mapping and analysis reveals the discharge of 

contaminated stormwater from the Freeman’s Bay catchments into the Waitamata Harbour via the Daldy Street 

outfall. Three remediation scenarios are tested to find a solution. 

 

The second LIUDD goal is to maintain hydrological neutrality, and an important way to do that is to acknowledge 

the existing hydrological system. In the WQ site that might mean overland flow paths, which are subject to 

flooding.  
 

A third LIUDD goal is to protect and enhance natural spaces. While these are obviously non-existent in WQ, 

creating conditions favourable to indigenous species, with topographic modifications and sympathetic 

hydrological interventions, can set up the circumstances for the establishment of a native eco zone. In the WQ 

development that is threatened by sea-level rise, returning the coastal edge to an indigenous condition with the 

associated flora would certainly help in providing an edge buffer zone to protect against storm surges.  

 

Lastly, the LIUDD goal of restore /enable/protect biodiversity and increase evapotranspiration can be met with 
the creation of a ecopatch, a zone of indigenous planting that would mimic the original typical vegetation of the 

Waitamata littoral.  

 

For the environmental remediation measures to be effective, they will have to take precedence over the 

conventional waterfront urban master plan. The new master plan will still aim at retaining the expected real 
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estate return by adhering to the original developers’ brief but the necessary environmental remediation 

measures will need to be met through a radical modification of the urban form.  

The fifth LIUDD goal, finding a new urban form through clustering, can be used to address this concern. 

McHargian sieving (McHarg, 1969), a technique of mapping the site and then making spatial allocations based 

on ecological criteria, can be used to determine different urban scenarios.  A range of urban typologies and 

architectural types can then be used to test different solutions. Lastly, the financial feasibility of the 

environmental remediation measures and new urban form located on Wynyard Point will be tested using 
financial feasibility modelling (Havard, 2014 ).  

 

6.1.2.5 Post Design   

In this stage, a specific analysis of the design process in addressing the environmental problems of WQ and WP 

is summarised. 

 

6.2 Wynyard Quarter. The Existing Site  
Wynyard Quarter (WQ) is at the northern end of the Freemans Bay reclamation, situated between the 

Westhaven Marina and the Viaduct Harbour (Fig 1). WQ (formerly known as the Tank Farm) was used for 

warehousing, the fishing industry and, most importantly, as an industrial fuel store. The fuel store or tank farm 

was a major feature of the site. Over the last 20 years WQ has been undergoing a slow redevelopment from an 

industrial wharf and tank farm to a new consumerist waterfront development (Architectus, 2007). 

 

The WQ is a flat site, built of reclaimed material, 2-3m 

above sea level. The site is made up of two parts, the 
first a square-shaped 450m x 58m block, oriented 

north-south and bounded by Fanshawe Street to the 

south, Hamer Street and the Westhaven Marina to the 

west. Most of the yachts, black boat haul out, and 

maintenance facilities are located on this edge. Halsley 

Street runs along the eastern edge with the old 

America’s Cup bases and the Viaduct Basin 
development. Jellicoe Street defines the northern edge 

with the new North Wharf development.  

The second part of the reclamation veers towards the 

north-east in a rough 480m x 170m parallelogram.   
Figure 1: Wynyard Quarter (Auckland GeoMaps, June 2018)  

The site is bounded by an extension of Hamer Street to the west side and Brigham Street on the east running 

parallel with the Wynyard Wharf. This site is where most of the existing bulk storage tanks are still located. As a 

reclaimed site the topography is mostly flat with some small local declinations. WQ has no local vegetation,  

indeed, after a number of years of use as an industrial tank farm, with many spillages, the ground is highly 

contaminated, making it impossible even for the growth of adventurous vegetation (Edmunds, 2015).  
 

6.3 Wynyard Quarter. Master Plan  

Like many industrial waterfronts around the world, the WQ is being transformed into a consumerist wonderland 

powered by conventional real estate imperatives.  

22/06/18, 10)16 amAuckland Council GeoMaps

Page 1 of 1https://geomapspublic.aucklandcouncil.govt.nz/viewer/index.html
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Peter Walker, an American landscape architect, was commissioned in 2003 to develop a master plan for the 

development of the 32ha site (fig. 2).  

 

 

 

 

 
 

 

 

 

 

 
Figure 2: Wynyard Quarter (Waterfront Auckland, 2012) 
The basis of the master plan was the establishment of two axes: a north/south axis from the existing Victoria 

Park to the northern tip of the reclamation, and a west/east axis from the Wynyard Quarter to the CBD via Quay 

Street to connect the site to the Auckland CBD (fig. 3). This plan was modified by a local Auckland architectural 

practice, Architectus (Architectus, 2007). 

 
 

 

 

 

 
Figure 3: Wynyard Quarter. The Two Axes (Architectus, 2007) 

 

The master plan for the new development breaks the site into three zones (fig.4). The first is the Wynyard Point 

Park, at the northern end of the site. Four blocks are proposed to occupy the south/east part of this site with 
three smaller ones on Wynyard Wharf. The ground floor of these blocks is devoted to entertainment/retail with 

commercial use on the first floor. Residential use is proposed for the upper stories of the larger blocks, and 

commercial use is proposed for the upper stories of the smaller blocks. The resulting build-out is: entertainment 

and retail, 17,010m2; commercial, 22,230m2; and residential 18,6400m2. 

The middle zone, the Jellicoe Precinct, has a more complex social 

and building programme that relates to its role in the master plan as 

part of an urban axis linking the WQ to the CBD. Jellicoe Street is 

lined with two rows of buildings; the northern blocks are repurposed 
warehouses, the southern side of the road is zoned with blocks of 

up to 52m high. The GFA of this zone is: 22,566m2 devoted to 

entertainment and retail; 49,105 m2 for commercial; and 13,8386 

m2 for residential use. 

The Central Precinct is the largest zone from Jellicoe Street to 

Fanshawe Street, with a third of this site owned by another party, 

Viaduct Holdings Group. This zone is devoted to mostly residential  
Figure 4: Wynyard Quarter. GFA and FAR Study (Architectus, 2007) 
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2.0
Urban Design Concepts

4. Waterfront Precincts

2.0.1 The Four Key Concepts:

This Framework for the Wynyard Quarter establishes four key urban concepts that will integrate 
the site into its unique waterfront and CBD setting. These concepts respond to the site’s present 
and future urban and landscape conditions to establish the physical framework for the site.  These 
concepts (illustrated above) are:

1. The Waterfront Axis   ’Establishing the Waterfront Spine’ 
2. The Park Axis   ’Creating a Landscape Network’ 
3. The Wharf Axis   ’Connecting Land and Sea’
4. Waterfront Precincts  ‘Developing Areas of Distinct Character’

Each of these concepts incorporate a range of urban design, architectural and landscape 
propositions or ‘projects’ which work together to establish a robust strategy for the Wynyard 
Quarter and the high quality built form and public realm proposed for the Wynyard Quarter.

1. The Waterfront Axis 2. The Park Axis 3. The Wharf Axis

fig. 2 Urban Design Concept diagrams
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4.5.1 Building Height

The proposed maximum permitted building heights for the Wynyard 
Quarter will achieve an appropriate scale in relation to the waterfront 
context and the proposed street and public space networks. 

The height plan has been developed in order to:

• Avoid monotonous building height;
• Establish appropriate waterfront edge conditions; 
• Create an appropriate waterfront scale and grain of development; 
• Reinforce the Central, Jellicoe, and Point Precincts; 
• Reinforce the urban structure and legibility of the Wynyard Quarter;
• Encourage quality built form; 
• Preserve sight lines between the Wynyard Quarter and adjacent 
areas.

4.5.2 Floor Area Ratio (FAR)

The proposed maximum permitted FAR for the development sites var-
ies in order to support the creation of precincts within the Wynyard 
Quarter and to encourage diversity in building form and use. The site 
intensity rule limits the building bulk and gross total floor area achiev-
able on a site and will function as the prime control of the scale and 
intensity of development. 

Different site intensity ratios apply to land within the Wynyard Quarter 
with the intention of working in conjunction with the maximum permit-
ted height control to enable development that will achieve sustainable 
built form. 

4.5
Height and FAR 

fig. 44 Indicative Wynyard Quarter Height and FAR Plan
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 and commercial use with a small percentage of retail use. The proposed build-out is 37,125 m2 for 

entertainment/retail; 51,5250 m2  for commercial; and 13,8386 m2  for residential development.  

The total Gross Floor Area (GFA) for the Wynyard Quarter is: residential/retail, 76,701 m2; commercial 5,86,585 

m2; and residential, 4,53,661 m2; giving a total build-out of 1,115,947 m2 

 

The two main areas of public space in the WQ master plan are the North Wharf, located at the end of the 

west/east axis linking WQ to the city, and Wynyard Point Park, at the northern end of the north/south axis, linking 
the site to Victoria Park. The North Wharf zone is configured as two east/west thoroughfares, the northern one a 

pedestrian promenade running alongside the harbour.  The southern one, Jellicoe Street, sandwiches an active 

zone of restaurants, bars and public spaces. The other major public space is Wynyard Point Park. This is a 

proposed large park located at the tip of the Wynyard Quarter, and work is due to start on this project in 2025 

when the current tank storage tank leases expire.  

 

6.4 Wynyard Quarter. The Current Situation 
The first development project to be built in the WQ was the North Wharf, Jellicoe Street to Silo Park (fig.5)  

(Architecture Now, 2012) project designed by Taylor Cullity Lethlean with Wraight + Associates (TCL+WA, 

2012).  

The project is the first part of the Walker master plan, establishing the link from the WQ to the CBD via Te Whero 

to Quay Street. The axis is made up of two public spaces, Jellicoe Street to the south and North Wharf on the 

northern side. Between these two strips run low-rise warehouses that have been rebuilt as restaurants and bars.  

Jellicoe Street was the first project to be built. The traditional street tree planting programme was eschewed in 

favour of a rain garden installation alongside the newly repaved street. The landscape architect, Megan Wraight 
(WAA, 2012), designed the rain gardens with a selection of indigenous trees and shrubs typical of the Auckland 

coastal ecotope. The rain garden treats road run-off from Jellicoe Street. 

 

 

 

 

 
 

 

 

 

 

Fig. 5: Wynyard Quarter. North Wharf and Silo Park (Landzine, 2012)  

The next section of the axis runs from the intersection of Daldy Street with Jellicoe Street to Westhaven Marina. 

The designers have chosen to ignore the Walker master plan suggestion of a new urban square at the 

intersection of the WQ to CBD axis with the Victoria Park-Wynyard Point Park axis. Instead the North Wharf axis 

dominates. The designers have laid out a series of activity zones; the installation of the famous wind tree 

sculpture, a playground, a basketball ball court and the restoration of the old cement silos as an exhibition 

space.  

Two other design projects differ from the original master plan.  The Walker master plan proposed a large 

triangular-shaped stormwater treatment pond that would be raised above the Westhaven Marina, creating in 
effect a vast infinity pool. Taylor Cullity Lethlean with Wraight + Associates have instead built a large three-
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storey-high steel gantry on the northern side of the axis. This serves two purposes; to screen the existing tanks, 

which are still being used until the leases run out in 2025, and to give views over the surrounding area. The 

second design modification to the master plan is the installation of stormwater rain gardens along the edge of 

the gantry to a concrete rip-rap spill zone at the edge of the Westhaven Marina.  

 

The second stage of the WQ development is the Daldy Street linear park, part of the Park Axis from Victoria 

Park to the headland Wynyard Point Park, (Auckland Transport, 2017) (Orsman, 2017). The construction of the 
Daldy Street linear park began at the northern end of Daldy Street at the intersection with Jellicoe Street. This 

section of the axis was designed by LandLab (Crothers, 2015) and completed in 2015.  

The street is transformed into a linear park by being extended to the west from Jellicoe Street to Madden Street 

by approximately 20m, then extended approximately 20m to the east from Madden Street to Pakenham Street 

(fig. 6). This part of the linear park will be fronted by a new 

apartment block (Willis Bond, 2017). The park has both a 

social and environmental programme.  The social programme 
is provided by the traditional park verities such as lawn, 

seating, and even small playground structures.  

The environmental programme is concerned with the treatment 

of urban stormwater. This is accomplished in two ways; firstly, 

through the grading of the new Daldy Street to allow for 

surface run-off to flow into adjacent rain gardens located in the 

contiguous parks.  Water collected into conventional 

stormwater infrastructure is also directed into these treatment 
areas. Excessive run-off that will lead to flooding is allowed for 

by designing the linear park as an overland flow 

path/conveyance channel, leading the stormwater to the 

Viaduct Basin via Madden Street. 

The second stage of the Daldy Street linear park development 

is the link to Victoria Park. The linear park will continue to run 

on the east side of Daldy Street. A small park, the Wynyard 
Common, is planned at the corner of Daldy Street and 

Pakenham Street.  The space is described as being a pocket 

park, 70m by 49m, (about the same size as the Waitamata  
 

 

Figure 6: Wynyard Quarter. Daldy Street Linear Park (Landzine, 2015) 
 
Plaza in Viaduct Harbour). An important part of the development of the park is the construction of a new 

wastewater pumping station and underground storage tank under the surface of the park. The new pump station 

will be connected to the existing wastewater network at Victoria Street West with a new pipeline under 

Pakenham and Halsey Streets.  

 

6.5 Environmental Issues 

The Wynyard Quarter has a number of environmental problems. The stakeholders, Auckland Council, Panuku 

and Watercare, are well aware of these problems and have initiated a series of reviews, reports and, in some 
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cases, physical interventions to address the issues. This section will review the actions and summarise their 

effectiveness. Some specific issues that these reports deal with are the contamination of the immediate receiving 

environment by polluted stormwater, pluvial flooding after storm events, the threats of marine flooding from sea-

level rise, and a lack of biodiversity.   

 

6.5.1 Sustainability  

The importance of making the WQ development sustainable has been a significant concern of the development 
stakeholders, Waterfront Auckland and now Panuku. They commissioned two reports, the first in 2009 and the 

second in 2013, to conceptualise the issues and to describe the ways in which they would address the concerns. 

The issues of the Freemans Bay catchment contributing to contaminated stormwater discharge into the 

Waitamata are mentioned, as is the provision of public space. 

The first report was prepared by Boffa Miskell in 2009 (Boffa Miskell, 2009). The authors lay out a framework for 

the sustainable development of the WQ. The authors detail six key benchmarks/topics that any urban 

development has to address as part of a sustainable development.  
 

These are environment and resources, connectedness, sense of place, community, urban environment and 

economic vitality. Each of these headings is further subdivided into a vision for where the development should 

go, with a set of metrics around each vision. These metrics are identified as a series of key indicators, 

benchmarks and targets.  

Under the first heading, environment and resources, there are five key indicators.  Three are about energy 

efficiency for buildings and public space, and the importance of renewable energy, while the other two are about 

reducing waste to landfill and treating stormwater.  
The second section is titled connectedness, here the vison is called transportation. The third section is sense of 

place, and the subsection heading is a definition of what makes a sense of place and how culture and history 

can be referenced.  The report discusses how this goal can be measured in visitor numbers. Community is the 

fourth heading, with a definition followed by the metric of a desirable ratio balance of jobs to residents. Urban 

environment follows with two headings, high-performance buildings and open space. The headings finish with 

economic vitality. The metrics are diversity, business, employment growth and the median wage. 

 
Of the six headings, two are connected to the environmental sustainability of the site, that is, the stormwater 

section and the open space section.  The other heading is concerned with social and economic sustainability. 

Many of the criteria and indicators are about building and the way in which building design, energy efficiency and 

building performance can help in reaching the sustainability goals. While this report is dated 2009 it is surprising 

to see no mention of topics such as urban ecology, green infrastructure, the heat island effect, climate change, 

and sea-level rise. 

The environmental vision is located within a water management system that concentrates on the water edge. 

The key indicator will be stormwater treatment, and the way that this will be measured is by measuring the water 
quality, that is, the amount of suspended sediment ‘upstream’ and ‘downstream’ of the treatment device. The 

authors say that the target is aspirational. The authors note that a major source of pollution for the WQ is the 

stormwater discharge from the St Marys Bay outfall. However, the authors note that that any changes to the WQ 

site are outside of the St Marys Bay catchment and thus will have no effect on the water quality.   

The only other section in the Boffa Miskell report that seems to have relevance for environmental issues is the 

urban environment section. This is divided into two sections: ‘high-performance building’ and ‘open space’. The 
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open space section starts with a simple metric of how many hectares of open space per 1000 people are 

needed. Using this measure, the authors suggest that large amounts of open space are not desirable since this 

will limit the ability of people to connect to each other. The authors suggest a target of 1.4ha of open space per 

1000 residents (this is against the current Auckland CBD ratio which is 1.6ha/1000 residents). This is a 

somewhat simplistic metric that avoids measuring any of the positive measures of urban green space such as 

reducing urban heat island, increasing O2, and providing a range of green infrastructure services (Bonan, 2008). 

 
In 2013 the report was updated by Waterfront Auckland (Waterfront Auckland, 2013).  The report lists a range of 

sustainability issues, with many of these headings matching the headings in the previous report, for example, 

environment, transport movement, connectivity, culture and heritage, and economic vitality. Other headings 

connect but with a different emphasis such as resource efficiency and social well-being.  Looking at the structure 

of the document in detail, there is a discussion about the issue and a description of what Waterfront Auckland 

wants to do, then a case study of a design project that has been built or is about to be built, which is pertinent to 

the issue or directly addresses the issue presented (the case study can be international or local). This is followed 
by examples and actions.  

The report looks in more detail at how to address environmental issues, especially stormwater quality. The 

authors point out the practical problems ameliorating stormwater and sewage flow from the larger catchment 

discharging into the WQ littoral. They note they have limited control of this issue, instead they reiterate their 

ongoing discussion with the relevant authority, Watercare. The authors turn to the issue of stormwater run-off 

within the WQ. They discuss the different strategies they have developed for the improvement of the quality of 

stormwater within the WQ.  They describe the adoption of WSD strategies, in particular, the building of the 

Jellicoe Street rain gardens where they claim that the 600m2 of rain gardens are helping to treat contaminated 
storm water from nearly 9000m2 of the surrounding impervious surface. 

 

Biodiversity and ecology are mentioned for the first time as a goal in the resource efficiency section. The means 

to accomplish these goals are confined to generalities about establishing green corridors and planting 

indigenous species without any details or metrics around targets. The report repeats the generalities with the 

promise to ‘investigate’ ways to improve the water quality of the harbour and ‘explore’ opportunities to promote 

biodiversity. 
The big difference between the two reports is the discussion of the importance of climate change and how it will 

impact the development of the WQ. The challenge of climate changes for sea-level rise is noted, if not explicitly 

addressed. 

 

6.5.2 Stormwater 

The Auckland Unitary Plan; stormwater management provisions (Auckland Council, 2013) contains thinking by 

Auckland Council (AC) about the way the Unitary Plan, a blueprint for the development of Auckland for the next 

20 years, could be influenced by new thinking about stormwater management. The report begins with a 
reconsideration of the previous standards and metrics that have been assumed to be adequate in the treatment 

of stormwater in the Auckland region. The conventional measurement for the efficiency of stormwater treatment 

in the Auckland region has been the removal of total suspended solids from stormwater discharge.  

 

The report finds that these measures are not adequate because they don’t take into consideration contaminants 

such as heavy metal like copper or zinc, or sewage. The report suggests a new methodology. An assessment 
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should be carried out into the important contaminants of stormwater in the Auckland region and what effects they 

will have on water quality in the receiving environments. Based on existing stormwater sampling in the Auckland 

region, a number of areas are designated as containing High Contaminant Generating Activities (HCGAs). Car 

parks and high-use roads, and the presence of material such as metal roofing and cladding all contribute to this 

classification. 

These zones are then matched to appropriate best management practices (BMPs) based on international and 

local precedents with the objective of lowering contaminants in stormwater. From this study, a number of metrics 
have been developed to measure the efficiency of the BMPS such as Design Effluent Quality Requirements 

(DEQRs).  The report discusses the desirability of better treatment options to produce a higher quality of 

stormwater discharge.  

The report summarises the current method of regulating run-off movement by controlling peak flow through the 

use of various detention techniques. This approach is critiqued as it does not take into account the duration of 

the rain event. It is this factor that contributes to the erosion of streams (streams are important receiving 

environments in the Auckland region).  
The idea of imitating natural hydrological systems is promoted. The report suggests that the development of a 

treatment regime that has a detention (peak flow attenuation) for the 95th percentile, 24-hour storm event run-off 

volume, and retention (reduced volume) of 10mm of the design event will be an effective measure. 

 

The report notes that conventional stormwater treatment devices, rain gardens and green roofs are able to meet 

the requirement for attenuating stormwater flow (detention) and reducing the run-off volume (retention). 

However, wetlands and ponds have a limited ability to help in reducing the volume of run-off. The report 

suggests that the single-lot rain garden is the better choice for volume reduction. Three metrics can be used to 
improve the health of the stream environments. These are slope, catchment imperviousness and the 

macroinvertebrate community index score. These criteria can be used to test and identify catchments in the 

Auckland region. These zones are identified as being Stormwater Management Area Flow (SMAF). The report 

suggests a way in which these areas would benefit from remediation measures such as the mitigation of 

impervious surfaces.  

 

The first section of the report has considerable applicability for the WQ site. However, the second part concerned 
with flow columns and attenuation has little applicability, as the receiving environment in the Freemans Bay 

catchment is the Waitamata Harbour rather than a sensitive urban stream environment.  

Stormwater from the Freemans Bay catchment is currently discharged from the Daldy Street outfall. In 2009, 

Opus prepared a report to investigate the feasibility of replacing the existing Daldy Street trunk stormwater line 

(Opus, 2011). They recommended a 3.3mm diameter replacement pipe and, rather than discharge at the 

Jellicoe Street sea wall, the pipe would be relocated to make a sharp left-hand turn at Madden Street and 

discharge into the Westhaven Marina. 

A number of objections to this proposal were raised in the Freemans Bay Stormwater Options Assessment 
(Smedley, 2011). The first objection to the Opus proposal was the nature of the discharge environment.  

Because the Westhaven Marina is an enclosed harbour with less water movement there will be more 

sedimentation at the discharge point. A second objection was with the high possibility of CSO (Combined sewer 

overflow) content in the stormwater, so that discharge into the Westhaven Marina, particularly near human 

activity areas, a boat ramp and a rowing club, would be objectionable.   
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The author (Smedley, 2011) puts forward eight possible solutions to ameliorate the problem of contaminated 

discharge and the associated problem of urban flooding. These solutions fall into two categories; firstly, adding 

new pipes from the receiving chamber under Victoria Park to discharge into the south-east corner of the 

Westhaven Marina or a separate pipe from the comer of the Kathmandu store to the Lighter Basin that would 

alleviate the pressure on the central Daldy Street line. The second solution is to add a new pipe beside the 

existing main trunk pipe in Daldy Street but exiting along Madden Street into the Viaduct Basin. The question of 

untreated sewage entering the harbour from the existing trunk pipe is briefly mentioned with the possibility of an 
open wetland treatment pond at the discharge point along the side of the Wynyard Wharf. Mention is made of a 

similar solution in Wellington at Waitangi Park (Smedley, 2011).  

However, as the author notes, while the Waitangi stream stormwater system does have problems with possible 

wastewater overflow, then the wastewater can be diverted into a conventional piped system. The report dryly 

notes that this is not an option for the WQ system. (In subsequent events, it will be seen that a small section of 

the Daldy Street SW tunnel for the Freemans Bay catchment was replaced, however the pipe still discharges 

untreated stormwater into the Wynyard Harbour.)  
 

The treatment of localised stormwater within the WQ is discussed in the publication, Wynyard Quarter 

development – providing stormwater solutions in a highly constrained, iconic, urban environment master plan, 

(Khareedi, Hohaia, & Evans, 2012).  

The new WQ stormwater system has been designed with a series of at-source measures – swales, rain gardens, 

green roofs – before stormwater is discharged into a new reticulation network. Two specific techniques have 

been introduced to ameliorate the production of contaminated run-off. The first is linear rain gardens running 

between the street and pedestrian footpath. These vegetated strips have been intensively planted with a 
selection of coastal native species, from ground covers to shrubs and trees. The road gradient is constructed to 

lead run-off into the rain gardens through a constructed filtration layer before being discharged into a 

conventional stormwater drainage system.  

The WQ has been divided into three separate catchment systems each with their own individual outfalls that 

discharge into the surrounding littoral. The rain garden run-off in Jellicoe Street undergoes a further cleaning 

through a constructed wetland that is part of the North Wharf public space programme. The treated run-off is 

then discharged into Westhaven Marina. The two other discharge points are the Lighter Basin and the Viaduct 
Basin. This underground network has been matched by an overground, overland flow path network. The sewer 

and stormwater systems are strictly separated, and with the number of aboveground at-source measures, the 

author claims that water quality at the discharge points has markedly increased.  

 

6.5.3 Biodiversity  

In 2014 Waterfront Auckland commissioned Shona Myers to prepare a report on increasing biodiversity in the 

Auckland waterfront (Myers, 2014 ). Myers discussed the ways in which biodiversity can be increased and 

enhanced for the WQ.  The two most obvious ways are through the restoration of native ecotones and the 
creation of new ecological corridors and patches.  

Myers separates the creation of new indigenous ecotones into two parts, the terrestrial and the marine. For the 

recreation and restoration of the terrestrial ecotone, Myers recommends the planting of certain species 

according to the topographical nature of the coast, i.e., beach and headland. The selected ecotones range from 

typical coastal forest through to typical saltmarsh vegetation to typical shellbank species.  Myers also suggests 

the possibility of planting endangered coastal species such as Kunzea ericodides var linearis and Lepidum 
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flexicaule. Examples of the native marine ecologies are drawn from Professor Morton’s Seashore Ecology of 

New Zealand and the Pacific (Morton, 2004), in particular, the section illustrating the rich variety of marine 

species on the Te Tokoroa reef.   

By planting these species and creating specific ecotones, the opportunity for connecting these ecotones with 

other native remnants in the city arises. Myers writes about making green corridors to facilitate the movement of 

indigenous wildlife. These corridors can have beneficial effects for the biological health of the native fragment 

through genetic exchange and the dispersal of native species.   
As discussed in 3.5.3, Biodiversity Remediation Practice, native species can join other species to create specific 

‘patches’ via the corridor and add to species diversity. As the patch gains ecological health an increasing 

number of habitats can be provided, and greater richness of species succession can be built up over time. 

Linking to other ecological habitats is the next step. Myers (2014) points out the Pollen Island, North Shore forest 

remnants, and the inner gulf islands all present important indigenous forest patches which could be linked via 

bird flight to a forest patch on the Auckland waterfront.   

 
Coming down a scale, Myers looks at other opportunities along the waterfront that can be used to provide 

ecological linkages.  Myers identifies public spaces on the Auckland waterfront, starting with the Harbour Park 

and the pohutakawa cliffs of St Marys Bay at the western end to Teal Park at the eastern end.  Myers proposes 

terrestrial and marine reconstruction of native ecotones at both these ‘bookend’ locations with the planting of 

typical coastal indigenous species, the breaking down of the hard coast edge structures, and the substitution 

with a salt meadow leading to the harbour waters.  

 

6.5.4 Sea-level Rise. 
In 2015 Waterfront Auckland (WA) commissioned the writing of the Climate Change Adaptation Pathway report 

(Waterfront Auckland, 2015). The report acknowledges that the effects of climate change will affect the 

development of the Auckland Waterfront. The WA explicitly adopted a policy of adaption to deal with this threat. 

The result is a four-fold strategy. The first is to identify the risks facing all the developments owned by WA. The 

second is to develop a strategic approach to these risks and explore ways in which to manage them.  The third is 

the goal of identifying opportunities in this situation, and the fourth is developing a strategy for WA to implement 

the necessary measures. 
WA then identifies three tasks to be adopted to address these issues. These are understanding the risks 

associated with climate change, understanding that any work to be carried out to adapt to these risks is within an 

environment that is continually changing, and that opportunities to transform are long term.  

The first part of the report is a data-gathering exercise to try and understand the scope of the problem; 

interestingly, when mapping the western waterfront sector, the WQ is not identified as the site of any specific 

problems that will be occasioned by climates change, rather it is the adjacent Westhaven Marina and Viaduct 

Harbour that are indicated. A general comment about the waterfront also points out the inability of the existing 

stormwater network to cope with the increasing rainfall, storm surges and sea-level rise.  
The report discusses what WA is already doing to adapt to the new circumstances in terms of the design of new 

infrastructure, such as the new Daldy Street stormwater pipe. The report also references the 2014 sustainability 

report that sets out standards for the new development to meet via performance standards, especially into the 

protection of critical infrastructure in the case of flooding.   
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The second part is looking to future action. This response is built around building up a database of 

environmental conditions such as current sea level and current rainfall level then predicting increases, and 

incorporating this data into vulnerability maps. The next step is to use this information as part of the decision 

making around future planning projects including Wynyard Point. This section concludes with the aspiration of 

WA to be a leader in this new thinking. The last section is more speculative and looks at possible responses 

including smart city technology, adaptive urbanism, and a more participatory process. The report concludes by 

pointing to the development of Wynyard Point (WP) as an opportunity for WA to demonstrate both its active 
participation in these issues and the promotion of specific policies and design measures to model a new and 

innovative response to these issues.  

 

6.5.5 Summary and Discussion  

Sustainability  

While WA, now Panuku, professes its desire to make the WQ development more sustainable, specific and 

measurable, actions to remedy the four issues raised in the study – the discharge of contaminated stormwater 
from the larger catchment, increased pluvial flooding as a result of climate change, addressing sea-level rise and 

increasing biodiversity – are sadly lacking.  

 

Stormwater 

Panuku proposes a two-track solution. The immediate solution, for WQ (which is being implemented), is a 

conventional WSUD (Fletcher & et.al, 2015) strategy of localised solutions, kerbless streets, rain gardens and 

swales to immediately treat the stormwater run-off. The run-off from the roofs of the existing buildings is being 

directed into the existing stormwater network and being discharged untreated into the harbour. The control of the 
stormwater from the larger Freemans Bay catchment is, as Panuku confesses, out of its control but it is working 

with Watercare to address the issue (subsequently Watercare has given control of stormwater back to AC under 

the moniker, Wai Ora-Healthy Waterways (Auckland Council, 2010)). It points to the construction of the central 

interceptor in 2025 (Watercare, 2017) as a solution to the stormwater and wastewater problem.  

 

Flooding 

While the reports do acknowledge the problem of increased pluvial flooding of WQ due to climate change, 
concrete measures to address this issue are lacking.  

 

Biodiversity  

The report endorses a number of design measures using indigenous plants particularly in rain gardens, 

however, the opportunity to create a meaningful ecological ecotone/habitation will be difficult to achieve. A viable 

ecotone patch will be around 6.5ha (see 3.4.4 Biodiversity Remediation Practice). However, the sustainability 

report recommends lowering the amount of existing open space (space that could be available for an ecopatch) 

to 1.4ha per 1000 people.  
 

Sea-level Rise 

Panuku is fully aware of the effects of climate change on any new development on the Auckland waterfront. It 

has actively canvassed all the options and the accepted solutions. WA looks forward to the design of WP as an 

exemplar of best practice to combat the effect9 of climate change. However, anyone looking at the Auckland 
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Waterfront Development plan (fig. 7) produced by Taylor Cullity and Lethlean and Peter Elliot in 2016 (TCL Peter 

Eliot, 2016) as evidence of the new thinking might be puzzled. 

The illustration shows a conventional 

waterfront urban plan, where the public 

space is a longitudinal promenade, a park 

that is defined on the western side by a 

group of rectangular building blocks. The 
footprint of the space is identical to the 

existing footprint of the WP, with the 

existing black boat wharf still located on the 

western side and Wynyard Wharf on the 

eastern side. The end of the WP is 

dominated by a large public deck. There 

seems to be little attention to any of the  
Figure 7: Auckland Waterfront Development. TCL and Peter Elliot (TCL Peter Eliot, 2016) 

ideas, notions or techniques that were discussed in the Climate Change Adaptation Pathway report  (Waterfront 

Auckland, 2015).  

Given the failure of the different reports to comprehensibly address the environmental issues that have been 

identified, the next section develops a case study to explore how these issues might be satisfactorily addressed. 
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WQ Case Study Design  

The design phase explores how the research question might be answered through the use of LIUDD theory and 

goals, using as a test case the Wynyard Quarter and Wynyard Point. 

 

6.6 Predesign Introduction 

A number of different methods are employed in the predesign process. The LIUDD technique of locating any 

development within the catchment sees the WQ development as part of a larger realm. This is a critical step to 
being able to examine the place of the development within a wider environmental context. To identify 

environmental problems in the new waterfront development it is helpful to place the WQ development within the 

larger urban catchment, which is Freemans Bay. 

The Freemans Bay catchment is defined by a topographical boundary which is located using GIS. GIS mapping 

is also used to carry out an environmental audit of the catchment. This mapping operation is influenced by the 

environmental mapping techniques originally inspired by Ian McHarg (McHarg, 1969).  

The mapping operation is carried out at a range of scales, primarily the urban catchment and the sub-
catchments that encompass the waterfront project.  But the scale of the mapping operation can expand to 

include the wider city especially when trying to determine the viability of the waterfront’s biodiversity.  Specific 

mapping is carried out to test whether the environmental problems that are raised in Chapter Three – stormwater 

contamination, pluvial and coastal flooding, and loss of biodiversity – exist.  
 

6.7 Predesign: Freemans Bay  

The WQ can be placed within a larger urban catchment system, the Freemans Bay catchment. This site is 

defined by four ridge roads: on the western boundary, St Marys Bay Road and Ponsonby Road, with 
Karangahape Road along the southern boundary and returning on the eastern side along Hobson Street. 

Freemans Bay is made up of two parts, an affluent, gentrified suburb on the original hills, and a highly 

contaminated, reclaimed industrial site, originally the Tank Farm, and now the WQ. These two zones are divided 

by a 19th-century park, Victoria Park.  

The original landscape is made up of a number of valleys that run in a north-south direction.  Ridges that are 

now roads define the edges of the suburb. To the west are Shelly Beach Road, Jervois Road, Ponsonby Road, 

with Karangahape Road to the south and Hobson Street on the eastern side. The original shoreline is defined by 
three roads: to the west, Beaumont Street, Victoria Street, and then Halsey Street on the eastern side.   

The Freemans Bay catchment is one of a series of three large urban valleys running north/south that form the 

core of the Auckland CBD. These three valleys and headlands once opened onto three bays:  Freemans 

Bay/Waiatarua, Commercial Bay/Te One Panea, and Official Bay/Te Hororoa.  

The lower part of the Freemans Bay catchment is reclaimed land. This reclamation was carried out in two parts. 

The first was the filling of Freemans Bay and the construction of Victoria Park in the late 19th century. The 

second was the construction of the Tank Farm/Wynyard Point reclamation in the early 20th century as a 

warehouse/industrial port zone.  
 

6.7.1 History 

Freemans Bay is located in the centre of Auckland City.  Auckland/Tamaki Makaurau is situated on an active 

volcanic field located on an isthmus, between the Pacific Ocean and the Tasman Sea. This unique landscape is 

made up of over 50 volcanic vents that form a unique topography, both watery and hilly. Lakes and basins were 
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formed where water and a volcanic eruption joined together. Auckland’s unique landform, the volcanic cones, 

was created from eruptions building hills of magma (Stone, 2001).  

 

Vegetation  

Botanical descriptions by early Europeans writers classify the vegetation of the original Freemans Bay shoreline 

as coastal pohutakawa forest. The coastal forest was part of a complex littoral transect that graded from forest to 

the beach/saltmarsh. The typical forest canopy was made up of pohutakawa, kauri, rewarewa, tairere and purriri. 
Other species include kowhai, kohekohe, karaka and wharangi (Lucas & Head, 1997).  

This unique indigenous ecotone is long gone, the only native remnants of this ecosystem are the pohutakawa 

trees on the coastal cliffs of St Marys Bay. However, fragments of more complete native ecotones are still 

present in the Waitamata Harbour catchment, notably on the North Shore at Kauri Point, Chelsea Bush and Le 

Roy’s Bush (Singers et al., 2017). Here can be found typical lowland native forest species, the kauri-podocarp-

broadleaved mix. There are also a number of neighbouring marine areas with rich ecosystems directly across 

the harbour at Shoal Bay and Ngataranga Bay, at the Te Tokoroa reef and further up the harbour at Pollen 
Island (see fig. 45). 

 

Early History  

Māori used the bay for fishing and shellfish gathering as evidenced by the alternative names for the bay, Wai 

Kototoa (the place where cockles are found) and Te Koranga (the scaffold or the drying racks where fish were 

preserved by drying). Under European occupation, the bay became an early industrial area for saw milling. Cut 

native wood was floated in log rafts from as far afield as the Coromandel Peninsula to be sawn into timber. 

Workers were accommodated in fairly rudimentary dwellings close by the sawmills.  
The industrialisation of the Freemans Bay catchment continued in the 19th century with the construction of 

brickworks, shipyards and a foundry. The bay was also the location for municipal services, a morgue, a night soil 

dump, and the council rubbish incinerator, built in 1905 (Morrow & Carlyon, 2008).  

Freemans Bay has two important parks, Western Park, one of the earliest parks built in Auckland in 1873. The 

park was planted as an arboretum with a selection of mostly European tree species. The park is 8ha, running in 

a north-south direction, encompassing one of the valleys in the catchment. The other park is Victoria Park, 12ha, 

built on reclaimed seabed in 1905. This park was designed for a more active programme, with sports fields and a 
large playground and kindergarten.  

 

6.7.2 Urban Character  

The contemporary Freemans Bay catchment is made up of different urban areas (fig.8), starting from the 

western side of the catchment, defined by St Marys Bay Road, St Francis de la Sale, New Street, the north-

western motorway, returning to Beaumont Street and College Hill. The upper slope of this zone is characterised 

by typical 19th-century buildings, wooden villas and gardens with the 19th-century Catholic bishop’s palace and 

St. Mary’s School. The lower slope is a commercial area with mostly office buildings constructed in the 1980s. 
Along Beaumont Street is the 19th-century gas works. 

Southeast of College Hill and bounded by Ponsonby Road to the west and Hepburn Street to the east is a zone 

of mostly 19th-century timber villas with gardens, (on average 400m2 sections). There is a small commercial area 

at the bottom of an area defined by Middle and Napier Streets. The area east of Hepburn Street is defined by 

Karangahape Road to the south, then the north-western motorway.  This area has three distinct uses, a small 

section of 19th-century housing on the eastern side of Hepburn Street, Western Park, and the Freemans Bay 
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housing scheme, an area of modernist housing from a regeneration project in the 1960s (Bradbury & Adam, 

2012).  

 

The eastern part of the catchment is defined by the Karangahape Road ridge, then Pitt Street and Hobson Street 

on the eastern side. This part of the catchment is bounded by Victoria Street West and Halsey Street at the 

bottom of the slope. This area is highly urbanised, with the Hobson Street apartments on the ridge and the old 

AC works depot (which is being turned into a new urban zone, the Victoria Quarter). New corporate 
headquarters have been built to the north, the Spark Centre, NZME, and the AC building on top of the original 

sea cliff at Graham Street.  Fanshawe Street runs along the foot of the cliff with the Viaduct Basin development 

north of the street. At the centre of Freemans Bay is Victoria Park, a 19th-century park built on reclamation.  To 

the north of the park is the Wynyard Quarter.  

 

6.7.3 Landscape Analysis 

6.7.3.1 Topography 
The defining catchment ridges correspond to the major roads while the gullies/valleys are often occupied by 

parks (fig. 9,10). The surrounding catchment is closely defined by St. Marys Bay Road (rising 5m) to the Three 

Lamps intersection at the northern end of Ponsonby Road, and Ponsonby Road rising 70m to the Karangahape 

Road intersection.  Karangahape Road returns on the south boundary, falling 6m to the Pitt Street intersection.  

Pitt Street falls to the Hobson Street intersection, then another 15m at the intersection of Hobson and Fanshawe 

Streets.   

On the north side of the catchment area is a series of parallel ridges and alternating gullies that run at right 

angles to the main ridge roads. These mini ridges are College Hill, the Costly Street Reserve, Franklin Road, the 
Harry Dansy Reserve, Hepburn Street and Western Park.  
 

6.7.3.2 Aspect  

The aspect of the catchment faces north with a series of valleys running in this direction with faces opening to 

the east and west (fig.11). 
 

6.7.3.3 Slope  

The average slope in the catchment is 5-10° (green colour) but some slopes are up to 40° (red/orange colour) 

(fig. 12). 

 

6.7.4 Hydrological Analysis Impervious/Pervious Surfaces  

The Freemans Bay catchment covers an area of 244ha, of which 72.7 percent is an impervious surface (178ha) 
(fig.13). The impervious surfaces are made up of building, roofs (64ha) and roads, driveways and footpaths 

(114ha). This leaves 27.3 percent (66ha) as pervious surfaces made up of parks, lawns and vegetated buffers 

(fig.14) 

 

6.7.4.1 Overland Flow Paths 

There are six major overland flow paths in the catchment (fig.15). From the north-west two paths are parallel to 

each other down College Hill, the north one then bends to the north and flows along Beaumont Street to 

eventually exit into St Marys Bay. The main trunk of the southern flow path runs through the middle of the Costly 
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Street intersection with two sub-branches, the northern one between College Hill and Georgia Street, the 

southerly one running along England Street.  

The major overland flow path is made up of three spurs, the first through the Harry Dansy Reserve, the second 

between Anglesea and Picton Streets and the third through Western Park, all converging in Wellington Street. 

One more overland flow path runs along State Highway One terminating at the intersection of Victoria Street 

West and Franklin Road. To the east of the motorway is a flow path starting in the old AC works deport (a city 

block defined by Cook Street, Nelson Street and Wellesley Street) before running to Victoria Street West and 
converging with the flow paths in Victoria Park. The major flow path runs in a north-east direction across Victoria 

Park to Fanshawe Street before discharging into the Lighter Basin. 

 

6.7.5 Freemans Bay Environmental Problems  

There are two important environmental problems in the Freemans Bay catchment, both hydrological: the 

collection of untreated discharge of contaminated stormwater into the Waitamata Harbour, and pluvial flooding 

under extreme storm conditions.  
 

6.7.5.1 Stormwater 

Historically, the Freemans Bay catchment was dominated by two streams, the Waikutu, on the south-west side 

of the catchment discharging into Freemans Bay near to where College Hill starts the ascent to Ponsonby.  

The other stream, the Tunamau, was located on the south-eastern side of the catchment, where the present 

Western Park is located (fig.16). The Tunamau discharged into the bay where Franklin Road starts the ascent to 

Ponsonby Road.  The hydrological pattern, the streams and associated overland flow paths make up a number 

of sub-catchments within the greater catchment. However, the native hydrological system has long since been 
subsumed by a conventional piped network.  
 

The stormwater/wastewater network for Freemans Bay was historically a combined system until separated in 

2010 (fig.17). The only part of the network that is not separated is in the south-western section of the catchment, 

from Ponsonby Road to Wellington Street (Smedley, 2011). 
The Freemans Bay stormwater network follows the three main streets, with a 450mm-diameter pipe under 

College Hill, a 300mm-diameter pipe under Franklin Road, a 450mm-diameter pipe under Hepburn Street, which 

leads to a new 3000mm-diameter pipe from Napier Street and a 600mm-diameter pipe from Victoria Street 

West. These all converge on a new 3000mm-diameter concrete pipe under Victoria Park (part of the Victoria 

Park upgrade) which links to a 3900mm-diameter existing brick pipe under Fanshawe Street to Daldy Street. 

This connects to a new 3000mm-diameter concrete pipe (installed with the Daldy Street upgrade) that 

discharges into the Waitamata from the Jellicoe Street sea wall under North Wharf.  
The pipe outlet sits below the high tide mark and is frequently filled with seawater. This results in stormwater 

backing up to cause some surface flooding, especially when storm events coincide with high tides. 
 

6.7.5.2 Wastewater 

\The sewer network for the Freemans Bay catchment has six overflow structures (fig.18). Two of the CSO 
(combined sewer overflow) structures, at Wellington Street and Scotland Street, have a combined grit chamber-

screen chamber to screen solids.  Overflow from these chambers enters the stormwater structure and is 

conveyed to the harbour via the main trunk stormwater pipe that runs under Daldy Street (Smedley, 2011).  The 

under-capacity of this system has caused a number of issues within the catchment, in particular, the Wynyard 

Quarter zone.  
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6.7.5.2.1  Stormwater/Wastewater Discharge into the WQ Receiving Environment 

Organic and inorganic contaminates are being discharged untreated into the harbour from the North Wharf 

outfall. For the sewage overflow the report comments, “the worst of the 6 CSOs discharging to the Daldy Street 

trunk storm water pipe are at Scotland Street, spilling 49 times with a total of 30,000m3 per year, and Wellington 

Street, spilling 38 times with a total of 40,000m3 per year.” The report goes on “…. this issue remains a 

significant risk to public health and perception” (Smedley, 2011) pg. 12. Inorganic contaminants are made up of 

a number of mainly heavy metals from road run-off. The report notes that the receiving environment is less 

sensitive to these contaminates and that since the AC has adopted an at-source control position rather than an 

at-end of pipe solution, this is no longer an issue.  

While there is no publicly available environmental report for the Freemans Bay catchment/North Wharf outfall 

(November 2018), the AC Research Office (The Research and Evaluation Unit, 2017) has carried out a recent 

analysis of the adjacent catchment, the Saint Marys Bay/Westhaven outfall.  

This catchment has many of the same issues as the Freemans Bay catchment: a dense urban network with 

highly impervious surfaces producing a lot of run-off, contaminated stormwater from the heavy metal pollutants 
in road run-off, and sewage overflow in storm conditions (Walker & Kalbus, 2017).  

The report notes that the monitoring of water quality in the St Marys Bay outfall is inconsistent. There are a 

number of organisations who are involved in the monitoring, and the results have been collated at different times 

from different sites and with the emphasis on different selections, i.e., sewerage rather than heavy metals, and 

vice versa. However, the report does note a number of overall results from the monitoring. 

The first is the presence of faecal contamination. The report notes that enterococci (an indicator bacteria of 

faecal contamination) is present in St  
 

Marys Bay near the two stormwater discharge pipes, Hackett Street and St Marys Bay (fig.19). The instances of 

faecal pollution also rise in wet weather. These factors suggest that the cause of this pollution is the St Marys 

Bay catchment, which does not have a separated stormwater/sewage system. Under extreme rain events, the 

two outfall pipes discharge raw sewage. This is confirmed by the NZ Herald report: “St Mary's Bay is one of 41 

places, …. where stormwater and raw sewage spills from these pipes at least 12 times a year in annual volumes 
of at least 10,000 cubic metres”  (Collins, 21 Jan, 2017). 

The other source of contamination in the St Marys Bays outfall is heavy metals, in particular, copper and zinc. 

The report notes that the obvious presence of anti-fouling paint in a marina will lead to an increase in the 

presence of heavy metals. However, the report does say that despite the obvious influence of marina pollutants 

in the increased copper and zinc contribution “…..considering two stormwater pipes discharge into St Mary’s 

Bay, urban stormwater is still a source of copper and associated heavy metals into the St Mary’s Bay during wet 

weather events” (Walker & Kalbus, 2017) pg. 19. 
 

6.7.5.2.2 Implication of the Saint Marys Bay/Westhaven Outfall for the Freemans Bay Outfall 

Unlike the Saint Marys Bay stormwater/sewage network, the Freemans Bay stormwater/sewage network has 

been separated, however, as noted, there have been a number of sewage spills from the Scotland Street and 

Wellington Street stations into the Freemans Bay stormwater system, leading inevitably to sewage being 

discharged from the North Wharf outfall. It will be assumed that the receiving environment of the Daldy Street 

outfall will be polluted in a similar manner to the coast adjacent to the St Marys Bays outfall. 

In a similar way, the Freemans Bay catchment is highly urbanised and with a high percentage of impervious 
surfaces. We can conclude that heavy metals pollution will certainly be present in the outfall from this catchment.  
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6.7.5.3 Flooding 

Using data from Auckland Geomaps, a small number of flood-prone areas can be identified in the Freemans Bay 

catchment.  In the north-western end of the catchment, the flood zones are below the Costley Street reserve 

from Georgina Street to Runnel Street, the gully between Anglesey Street and Hepburn Street, and the end of 

the Pratt Street cul de sac. The Western Park spur has three flood-prone areas, two within the park and a third in 

the Freemans Bay housing block.  

There is another flood area north of at the intersection of Hepburn and Napier Streets and small flooding zones 
on the eastern Hobson Street slope, between Cook Street, Wellesley Street and below Hobson Street. The 

largest flood zone is Victoria Park at the bottom of the catchment.  

 

Flood Plains 

Using data from Auckland Geomaps it can be seen that there are two major flood plains, the first located at the 

bottom of Western Park, across from the Freeman’s Bay housing, and across the lower part of Hepburn Street. 

The second area is located at the intersection of Victoria Street West and Victoria Park (the Katmandu corner). 
This flood plain occupies almost a quarter of the park (fig.20).  
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Figure 8: Freemans Bay: Catchment Street Network (April 2018/ AC Geomaps)  

 

 
Figure 9: Freemans Bay: Catchment Topography (April 2018/ AC GeoMaps)  
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Figure 10: Freemans Bay: Catchment Topography (ArcGIS mapping. November, 2017) 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Freemans Bay: Aspect (ArcGIS mapping. November, 2017) 
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Figure 12: Freemans Bay: Slope (ArcGIS mapping. November, 2017)     

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Freemans Bay Catchment: Impervious Surfaces (ArcGIS mapping. November, 2017) 
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Figure 14: Freemans Bay Catchment: Pervious Surfaces (ArcGIS mapping. November, 2017) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Freemans Bay Catchment: Overland Flow Paths (April 2018/AC Geomaps) 
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Figure 16: Freemans Bay Catchment. Native Stream Location (M.  Lewis, 2008) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Freemans Bay Catchment: Stormwater Network (April 2018/AC Geomaps) 
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Tunamau Historic Alignment

Plan of City Park, Auckland City Council 1874
NZ Map 4686, Special Collection, Auckland City Libraries (NZ)

Felton Mathews Plan of Auckland 1841 
NZ Map 2664, Special Collections,  Auckland City 
Libraries (NZ)

Map of Auckland 1882 
NZ Map 91, Special Collections, 
Auckland City Libraries (NZ)

K E Y
Early Auckland, undated map
Special Collections, Auckland City 
Libraries (NZ)

Historic flood with 
topograhy
Auckland City Council GIS data

Felton Mathews 1841
NZ Map 2664, Special Collections, 
Auckland City Libraries (NZ)

Waihorotiu circa 1840
Bateman’s Historical Atlas

Tamaki Makau Rau Tamaki 
Isthmus
Lesley Kelly

Alma Bay Allotment Map
NZ Map 4495-28, Special 
Collections, Auckland City Libraries 
(NZ)

City Park plan 1874
NZ Map 4686, Special Collections, 
Auckland City Libraries (NZ)

Map of Auckland 1882
NZ Map 91, Special Collections, 
Auckland City Libraries (NZ)

Historic stream map, 
undated
ARC Heritage

The stream alignments as indicated on the plan above were traced from historical maps sourced from ACC and ARC records, Auck-
land City Libraries and Land Information New Zealand. Maps were scanned rotated and scaled according to tags on individual plans, 
or were placed according to coincidence with existing road networks and the known historic coastline. Distortion was inevitable since 
historic maps were often stylised, never orthocorrected, and often poorly surveyed. 

Other reference material included historic photographs, historic aerial photography, allotment maps from the 19th century, focus site 
plans and early city planning documents. GIS information also provided topography and historical floodplains which when mapped to-
gether provided for logical historic drainage patterns.

Derived stream alignments did not overlap with precision but there was regularity in terms of stream forms in relation to specific gul-
lies as they occurred in the mid-19th century. These reoccurring systems appear as a blue wash on the plan above, sitting atop the 
coincident stream alignments.
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Figure 18: Freemans Bay: Waste Water/Storm Water System (ArcGIS mapping. November, 2017) 

Blue = Waste Water, Purple = Stormwater 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: St Marys Bay: Waste Water/Storm Water Outfall (April 2018 /AC Geomaps) 

Green = Stormwater Red = Waste Water 
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Figure 20: Freemans Bay Flood Zones (April 2018/AC GeoMaps) 

Blue Hatching = Flood Prone Area. Light Blue = Flood Plain. 
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6.8 Predesign Wynyard Quarter    

Introduction 

The location, history, and contemporary design of the WQ has been described in the previous section, 6.2 - 

6.5.5. This section will examine the environmental conditions of WQ as a sub-catchment of Freemans Bay. The 

site is linked to Freemans Bay through shared hydrological conditions, especially the production of contaminated 

stormwater and pluvial flooding in the larger catchment. There are, however, specific environmental problems 

that are unique to the WQ sub-catchment, for example, the consequences of sea-level rise on the coastal edge 
and the lack of biodiversity, (Myers, 2014 ). The analysis of the environmental problems follows the same 

process as for the larger catchment; the sub-catchment is defined using GIS mapping, and specific 

environmental issues such as flooding and sea-level rise are identified.  

 

6.8.1 Landscape Analysis 

 

6.8.1.1 Topography 
The topography of the WQ site is generally 2m above MHSL at the edge of the site, rising to 3m towards the 

centre (fig. 21).  

However, for all intents and purposes, the site is flat, therefore its aspect and slope are negligible.  

 

6.8.1.2 Aspect  

The aspect map shows an even distribution of site orientation which is to be expected for an industrial 

reclamation constructed for the building of typical port infrastructure (fig.22).  

 
6.8.1.3 Slope  

The slope of the site is almost all flat except for some very small areas on the littoral and a bund on Wynyard 

Point (fig.23). 

 

6.8.2 Hydrological Analysis: Impervious/Pervious Surfaces  

Wynyard Quarter is a highly impervious industrial site (fig.24). The catchment area is 38.8ha, all the roads and 

building occupy 35ha, leaving 3.8ha of the site as pervious surface, a ratio of 90 percent impervious to 10 
percent pervious (fig.25).   

 

6.8.2.1 Overland Flow Paths 

From the GIS hydrological analysis and data from Auckland Geomaps, there are three flow paths, exiting into the 

Lighter Basin and Westhaven Marina. The first flow path to the south has two branches, with water collecting in 

the lowest part of Fanshawe Street, flowing then to Gaunt Street before joining with the upper flow path at 

Pakenham Street West before discharging into the Lighter Basin. The middle path starts in Jellicoe Street before 

dropping to Madden Street, back to Jellicoe Street before discharging into the Westhaven Marina.  The last 
major overland flow path runs south along Brigham Street before crossing Hamer Street and discharging into the 

Westhaven Marina (fig. 26, 27). 
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6.8.2.2 Stormwater Run-off 

Using the rational method, the amount of run-off that is produced from the WQ sub-catchment can be calculated. 

The yearly rainfall is 1137mm. The result for the two-year run-off discharge flow rate from the existing WQ site is 

.82m/sec; the storage volume to treat this is 4412.29m3 (see appendix, table 1). 

 

6.8.3 Wynyard Quarter Environmental Problems  

There are a number of specific environmental problems in the WQ sub-catchment; these are pluvial flooding, 
marine flooding caused by sea-level rise, contaminated stormwater discharge into the Waitamata Harbour from 

the Freemans Bay and adjacent St. Marys Bay catchments (as described in the previous section), and a lack of 

local biodiversity.  

 

6.8.3.1 Stormwater 

With the continuing construction of the WQ master plan (section 6.3.1) a new underground stormwater network 

has been installed. There are three local stormwater pipes that travel in a north-south direction linking to 
Beaumont, Daldy and Halsey Streets. This piped network is for local stormwater to be discharged into the 

Viaduct Basin and the end of the Hamer Street (see fig.28).  

 

The central Daldy Street trunk pipe is the main conduit for the Freemans Bay catchment; this is sized at 

2750mm-diameter and runs from Pakenham Street to Jellicoe Street as part of the Daldy Street linear park 

construction (see fig. 29). As discussed in the previous section this pipe terminates at the Daldy Street sea wall, 

discharging into the Waitamata Harbour (see fig. 30, 31, 32).   

 
6.8.3.2 Pluvial Flooding  

From the GIS hydrological analysis and data from Auckland Geomaps, a combination of highly impervious 

surfaces and a low gradient produces surface flooding regularly in two to five-year storm events. Typically, this 

flooding takes the form of surface and road flooding. However, heavy flooding in a 50-year storm event has led 

to the inundation of ground floor premises (Smedley, 2011).   

 

There are seven areas in the WQ that are marked as being flood prone. The first area is bounded by Beaumont 
Street, Gaunt Street, Fanshawe Street and Hawley Street. The second area is between Halsley Street and the 

Lighter Basin. There is a smaller area in the middle of Pakenham Street. The largest flooding zone occupies the 

whole of the Jellicoe Street and North Wharf area. The last zone is along the Brigham Street axis.  

Flooding has occurred along streets mainly to the southern end of the development, Fanshawe Street, Gaunt 

Street, Daldy Street, Halsley Street, isolated flooding in upper Jellicoe Street and at the intersection of Hasley 

and Jellicoe Streets. With increasing and more violent storm events as a consequence of climate change, more 

pluvial flooding is expected to occur (fig 33,34). 

 
6.8.3.3 Coastal Flooding  

Because of the low-lying and mostly level topography the WQ is vulnerable to coastal flooding. The dark blue 

zone shows which areas of WQ will be affected by a 2m rise in sea level. These areas are relatively negligible  
and confined to the coastal margin.  However, if the sea level rises by 3m (as shown by the light blue colour) 

then most of the WQ will be under water (fig.35).  
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6.9 Summary and Discussion 

There are four major environmental problems in the WQ sub-catchment: contaminated stormwater from the 

larger Freemans Bay catchment and adjacent catchments, pluvial flooding from the WQ sub-catchment, the 

threat of coastal flooding, and a lack of biodiversity in the WQ sub-catchment (highlighted by the Meyer report). 

These four conditions will be intensified by an increase in the size and frequency of storm events due to climate 

change (Intergovernmental Panel on Climate Change, 2014). While localised WQ stormwater remediation 

services have been installed, they are not large enough to treat all the contaminated water from the Freemans 
Bay catchment. In a similar way, as the intervals between storm events decrease due to climate change, pluvial 

and coastal flooding will increase. The densely gridded, impervious WQ master plan does not provide an 

opportunity to provide any of the remediation measures necessary to address these issues.   
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Figure 21: Wynyard Quarter: Topography (ArcGIS mapping. November, 2017) 

 

 
Figure 22: Wynyard Quarter: Aspect (ArcGIS mapping. November, 2017) North = Red, West = Dark Blue, South = Light Blue, East = Green 
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Figure 23: Wynyard Quarter: Slope (ArcGIS mapping. November, 2017) 

0 degree-40 degree = Green, 40 degree-55 degree = Yellow, 55 degree-78 degree = Red  

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Wynyard Quarter: Impervious Surfaces (ArcGIS mapping. November, 2017) 
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Figure 25: Wynyard Quarter: Pervious Surfaces (ArcGIS mapping. November, 2017) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26: Wynyard Quarter: Overland Flow Paths (ArcGIS mapping. November, 2017) 
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Figure 27: Wynyard Quarter: Overland Flow Paths (April 2018 /AC GeoMaps)  

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

Figure 28: Wynyard Quarter: Stormwater Infrastructure (April 2018/AC GeoMaps)   
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Figure 29: Wynyard Quarter: Stormwater Infrastructure. Freemans Bay Stormwater Pipe Location and Discharge Point (July 2017/Opus)   

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Wynyard Quarter: Stormwater Infrastructure. WQ Stormwater Catchments and Discharge Points (July 2017/Opus)   
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Figure 31: Wynyard Quarter: Stormwater Infrastructure. Section through Daldy Street  

 

 

 

 
 

 

 

 

 
Figure 32: Wynyard Quarter: Daldy Street Linear Park Plan (July 2017/Landlab)   

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
\Figure 33: Wynyard Quarter: Flood Zones (ArcGIS mapping. November, 2017) 
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Figure 34: Wynyard Quarter: Flood Zones (April 2018/AC GeoMaps)   

Hatched Areas = Flood Prone. Blue Areas = Flood Plain  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 35: Wynyard Quarter: Coastal Flooding (ArcGIS mapping. November, 2017) 

Dark Blue = 2m Sea-level Rise. Light Blue = 3m Sea-level Rise 
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6.10 Design 

 Introduction 

This section is divided into two parts. The first part explores how the five LIUDD goals – reduce contaminants, 

maintain hydrological neutrality, increase evapotranspiration, protect and enhance natural spaces, restore 

/enable/ protect biodiversity – can help to address the remediation of four environmental problems.  The effects 

of pluvial flooding, the discharge of contaminated stormwater, sea-level rise and a lack of biodiversity were 

identified in the predesign section. The use of the different remediation strategies as outlined in Chapter 3 is 
considered.  

 

The second part of this section explores the spatial consequences of the remediation work for the urban layout 

of the planned waterfront development in a series of design tests. The prioritising of the remediation measures, 

analysed and mapped in the first section, suggests a radical reformation of the existing building programme. The 

LIUDD goal of clustering is used to suggest a new urban plan.  The idea of clustering is used to make the urban 

form malleable, able to be shaped by the larger environmental conditions and their associated remediation 
measures.  

 

One specific design technique taken from the LIUDD hinterland is McHargian mapping and analysis. This is a 

technique in which the areas of the highest environmental value, such as remnant ecologies, slopes and existing 

streams, are preserved. In the McHargian development model the land ‘left over’ from the environmental audit is 

consigned for urban development. 

In this study, the technique is used to identify and ‘set aside’ areas that are threatened by the environmental 

issues identified in the predesign phase. For example, flooding and sea-level rise are identified as problems, 
remediation/amelioration techniques are considered, i.e., wetlands for stormwater cleaning and eco zones for 

biodiversity enhancement. These areas are then committed as sites for environmental protection and 

remediation. Areas that are ‘left over’ from this audit are then available for urban development.  

 

A further technique is used to give measurability to the clustering process. Drawing on real estate development 

modelling (see 2.5.3 Development Feasibility Study), the Gross Floor Area (GFA) of a building programme can 

be reshaped and remodelled by manipulating the Floor Area Ratio (FAR). The consequences of clustering the 
GFA can lead to a denser, taller building programme with a smaller footprint. 

 

6.10.1 WQ Design and LIUDD Goals 

Four LIUDD goals are considered in the design process for the making of a new urban master plan for WQ. The 

first important LIUDD goal is to reduce contamination within the catchment. The GIS analysis and stakeholder 

reports have revealed the discharge of contaminated stormwater from the Freemans Bay catchments into the 

Waitamata Harbour via the Daldy Street outfall. To reduce the discharge of contaminated stormwater, the 

following processes have been undertaken.  
The amount of stormwater produced in the Freemans Bay catchment is calculated using the rational method 

(see 3.2.4 Stormwater Modelling). A number of stormwater remediation measures were considered. Three 

specific measures are put forward to treat/lessen the amount of stormwater before it is discharged into the 

Waitamata Harbour. 
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• A three-stage remediation wetland to treat the stormwater before the termination of the Freemans Bay 

catchment pipe at the Daldy Street outfall. 

• Reducing the quantity of stormwater in the greater Freemans Bay catchment by increasing the amount 

of pervious surface available to absorb rainfall.  The effect of making the WQ sub-catchment permeable 
is measured for the total catchment.  

• Reducing the quantity of stormwater in the greater Freemans Bay catchment by transforming all the 

roofs in the Freemans Bay catchment to green roofs and modelling the effect on stormwater generation.  

 

After a short discussion of the practical pros and cons of the three proposals, the stormwater remediation pond 

at the end of pipe is chosen as the best option.  
 

A second LIUDD goal is to maintain hydrological neutrality. This can be partly accomplished by recognising 

existing hydrological systems such as overland flow paths and areas floodplains. To help contribute to the 

maintenance of hydrological neutrality, the flooding zones and overland flow paths can be mapped and allocated 

as spaces for both conveyance – allowing flooding to be conveyed to the sea, and for detention – dry ponds that 

can be filled if high tides prevent discharge of flood water to the sea. 

 

A third LIUDD goal is to protect and enhance natural spaces. A typical waterfront development is very obviously 

lacking in natural spaces, either long subsumed by industrialisation or never present. However, with the threat of 

sea-level rise, a number of soft engineered methods have been developed (see 3.4.3 Coastal Flooding). By 

returning the waterfront littoral to its natural condition, an edge buffer zone can be created to protect against 

storm surges.  

To accomplish this task, the consequences of sea-level rise are mapped, and marine flooding is allowed to occur 

within a 30m setback from the edge of the littoral. The coastal edge is modified in topography and planting to 

recreate an indigenous coastal ecotone. The existing sea wall is removed and a new sloping gradient is 
constructed with a recreation of the typical complex Auckland littoral transect, from sea meadow to coastal 

forest.  

 

The fourth LIUDD goal is to restore/enable/ protect biodiversity and increase evapotranspiration. The typical 

waterfront development often has a history as a heavily contaminated industrial site completely lacking in 

biodiversity. However, biodiversity can be enabled through the creation of a ecopatch. To make a meaningful 

contribution to the urban biodiversity of the WQ a large ecopatch must be planted on the site (see 6.5.3 

Biodiversity Remediation Practice). To attain sufficient biodiversity a 6.5ha biodiversity zone is recommended.  
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6.10.1.1 Stormwater Contamination Remediation 

Introduction 

There is a considerable amount of untreated stormwater discharging into the Waitamata Harbour from the Daldy 

Street outfall (see 6.7.5.1 Stormwater). A number of different options to treat, remediate and retain the 

stormwater production have been canvassed. To remediate the stormwater from the Freemans Bay catchment 

three options will be tested. The first is to place a large remediation wetland at the end of the Freemans Bay 

discharge outlet. To test whether this solution is the most efficacious, two iterations were explored. The effect of 
these procedures was measured using TP10 (ARC, 2003).  

 

6.10.1.1.1 Wetland 

The first option explores treating the Freemans Bay catchment run-off with a remediation wetland before the 

Daldy Street outfall. Using TP10 (ARC, 2003) the size of wetland can be calculated to treat the run-off from 

Freemans Bay. During a two-year storm event, the impervious surfaces of the Freemans Bay catchment 

produce 132,940m3 of water run-off in 24 hours. For a wetland to effectively treat the 41,636m3 of water run-off 
from the Freemans Bay catchment during a two-year storm event, the wetland must be approximately 5.4ha (see 

fig.36) (see table 1).  

 

6.10.1.1.2 Increase Pervious Surface 

The amount of stormwater discharge into the Waitamata can be reduced by increasing the amount of pervious 

surface in the catchment. The amount of stormwater produced in the catchment can be adjusted through the 

reduction of the area of impervious surface in the catchment. In this design test the effect of making WQ 100 

percent pervious is modelled (fig.37). 
This test found that the amount of stormwater produced in the Freemans Bay catchment is reduced by making 

the WQ pervious. The result of the reduction in stormwater volume on the size of the previously modelled 

remediation wetland area would result in a reduction in size of 1.85ha. This makes the proposed remediation 

wetland approximately 5.3ha in size. (see appendix table 2). 

The results suggest that varying the ratio of pervious to impervious surface in the Freemans Bay catchment by 

making the Wynyard Quarter site pervious will have little impact on the production of stormwater in the 

catchment. This option would also necessitate the abandonment of the commercial development of the WQ site.   
Balancing the commercial imperative for the development of the WQ site with the necessity to treat the 

stormwater from the Freemans Bay catchment, this option can therefore be dismissed as a realistic solution to 

the remediation of stormwater from the Freemans Bay catchment.  

 

6.10.1.1.3 Green Roof 

The third option for the remediation of stormwater in the Freemans Bay catchment is to use a structural 

stormwater device, the green roof (see 3.2.3 Structural Stormwater Remediation Practice) to reduce the 

production of stormwater. This test looks at increasing the catchment permeability through substituting green 
roofs for all buildings in the Freemans Bay catchment (fig.38). If all roofs in the catchment, including those within 

WQ, were replaced with green roofs, rendering these as effectively pervious surfaces, would there be an 

appreciable decrease in the production of stormwater?  
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The test found that the amount of stormwater is reduced (see appendix table 3). The implication of this reduction 

in stormwater volume on the size of the previously modelled remediation wetland area would be a reduction by 

31.5 percent. This reduces the size of the proposed remediation wetland to approximately 3.7ha.  

The substitution of green roofs for all the building in the catchment does have an appreciable effect on the 

production of stormwater within the catchment. However, the likelihood of thousands of individual homeowners 

installing a green roof is minimal. The lightweight timber and iron construction of the villa roof, the most 

characteristic house type in the Freemans Bay catchment, makes the substitution of a green roof, typically reliant 
on a heavy-weight concrete structure capable of holding the growing media necessary for sustainable planting, 

structurally unfeasible (Luckett, 2009). 

 

6.10.1.1.4 Results of the Design Test  

To remediate the stormwater from the Freemans Bay catchment with an end of pipe wetland requires a wetland 

of 5.4ha. If the WQ were to be 100 percent pervious, the size of the wetland is reduced by 1.5 percent to 5.3ha. 

If all buildings within the Freemans Bay catchment were to have green roofs, the size of the wetland is reduced 
by 31.5 percent to 3.7ha.  

These design tests firstly reveal the typical problem of a built-up urban catchment, the large amount of 

impervious surface that produces a sizable amount of run-off contaminated by the particular nature of an urban 

catchment.  

Secondly, there is the practical difficulty of installing any structural or non-structural stormwater remediation 

devices. Because of the built-up nature and individual ownership pattern of the Freemans Bay catchment, the 

design tests demonstrated that while a localised structural stormwater treatment device such as a green roof is 

efficacious, the practical difficulty of installing enough of these devices makes their use problematic. The use of 
non-structural stormwater devices, such as increasing the number of pervious surfaces within the catchment, is 

also problematic. The second design test, the conversion of the WQ into one large park, has a minimal effect on 

the amount of stormwater produced in the catchment. There are also practical difficulties, the most obvious 

being balancing the financial return of the new WQ against the construction of a large park.  

The ‘wetland at the end of the pipe’ solution is also problematic for the same reason; the necessary size of the 

wetland, 5.4ha, is a large piece of valuable development land (fig.39). Typically, an inner-city site would be a 

pattern of small sites with a large number of individual owners. The difficulties of amalgamating such a large site, 
would, in many cases, be insurmountable. If such a site was assembled, the necessary return on such a 

valuable development site at the water’s edge would preclude the allocation of the site to an activity with no 

obvious economic return.  

In addition, the large-scale end of pipe solution has also fallen out of favour with specialist stormwater experts. 

The structural stormwater solution of small-scale interventions, the treatment train, is the preferred option (M. 

Lewis et al., 2015).  

 

6.10.1.1.5 Implication for the WQ Master Plan  
The typical waterfront site is usually subject to a single ownership structure, a hangover from when the land was 

usually owned by a port company. The single ownership structure is usually passed to a single waterfront 

development authority. 

Therefore, the impediment of a typical CBD multiple site ownership structure does not exist for many waterfront 

developments. Typically a waterfront development authority can make a decision about the allocation of land 

based on sole ownership (Breen & Rigby, 1996).  
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The only remaining impediment for this solution is the cost of building the remediating wetland and the lost return 

on the future real estate development. However, this lost return is predicated on the return from a real estate 

development based on a typical waterfront master plan, a gridded street block master plan (see 2.5 Real Estate 

Planning).  
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Figure 36: Wynyard Quarter:  Size and Location of a Remediation Wetland for the Freemans Bay Catchment (November 2018/ GIS mapping 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37: Wynyard Quarter:  The Size and Location of WQ as a Pervious Surface in the Freemans Bay Catchment (November 2018/ GIS 

mapping)   
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Figure 38: Wynyard Quarter: Mapping Green Roofs in the Freemans Bay Catchment (November 2018/ GIS mapping) 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

 

Figure 39: Wynyard Quarter. The necessary size of an end of pipe stormwater remediation pond. 5.4ha (Nov.2017/ArcGIS mapping) 
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6.10.1.2 Pluvial Flooding 

Introduction 

The pattern of the overland flow paths and the associated flood zones in the WQ is revealed in the GIS mapping 

of the area (see 6.8.3.2 Pluvial Flooding). One of the recommended techniques for the control of pluvial flooding 

is to allow for the conveyance of flooding to the nearest discharge point, a stream or harbour.  When the 

successful discharge of flooding is not possible, for example, when high tides would prevent the successful 

discharge of flooding into a harbour, then the provision of a detention zone where flood water can be retained is 
recommended (see 3.3.3 Pluvial Flooding Remediation Practice).  

 

6.10.1.2.1 Design Work  

The mapping of overland flow paths (OLFP) (fig. 27,28) clearly demonstrates the path of flooding to the nearest 

discharge point. Utilising these paths as conveyance channels (Maksimović & et.al., 2009) ensures the speedy 

clearing of urban flooding. Correctly sizing the conveyance channels can be accomplished through increasing 

the width of the OLFP.  This can be achieved by using a specific mapping technique, buffering, using ArcGIS 
(discussed in 5.7 GIS). In this research study the OLFP is buffered by a 10m margin (fig.40).  

The flooding zone of the WQ was found via the AC Geomaps site (fig.33,34).  By amalgamating both the 

overland flow paths and the flood zones and buffering these combined areas using the GIS function, a zone is 

created which can be used to both relieve and ameliorate pluvial flooding.  The zone can be used to both detain 

flooding or, in dire circumstances, the zone could be used to hasten flooding through the protected overland flow 

paths to discharge into the nearest receiving environment (fig.41).  

 

6.10.1.2.2 Results of the Design Test  
Three zones in the WQ are identified as locations for conveyance channels/detention ponds (fig. 41). These are 

located around the Beaumont Street, Gaunt Street, Fanshawe Street, and Hawley Street area, the Halsley 

Street, Jellicoe Street and the North Wharf area, and around Brigham Street. These three zones discharge into 

the Waitamata at three points: the Lighter Basin, Westhaven Marina via Jellicoe Street, and Westhaven Marina 

via Brigham Street.  

6.10.1.2.3 Implication for the WQ Master Plan  

To ensure safety from pluvial flooding a large area of the WQ will have to be devoted to this activity. A similar 
question from the previous discussion about the balance of a real estate return versus the provisional 

remediation measure also applies to this proposed solution (this lost return is predicated on the return from a 

real estate development based on a typical waterfront master plan, a gridded street block master plan (see 2.4 

Real Estate Planning). 

In a similar way, the question of what is the best urban form to ensure the best return while accommodating the 

necessary remediation measure also applies.  

 

6.10.1.3 Coastal Flooding 
Introduction 

The predicted coastal flooding of the WQ is shown in the previous predesign section (6.8.3.3 Coastal Flooding). 

The resulting mapping indicated a 2m sea-level rise and a 3m sea-level rise.  The 2m rise was confined to the 

littoral and does not seem particularly calamitous (fig.42) but planning to accommodate this rise would seem 

desirable. 
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6.10.1.3.1 Design Work  

There are a number of hard and soft infrastructure remediation measures to address this. Hard infrastructure 

measures include: 

• Sea walls  

• Groynes  

• Gabions  
• Revetments 

• Rip-rap  

• Breakwaters  

• Tidal barriers. 

Soft engineered structures include:  

• Utilising natural coastal processes to protect the coastal edge  

• Beach nourishment.  
(see 3.4.3 Coastal Flooding Remediation Practice). 

For the WQ waterfront, the chosen remediation strategy is developing a soft engineered littoral zone that 

restores the indigenous Auckland coastal edge (Morton, 2004). The typical wharf/water edge, an abrupt 

transition from the wharf infrastructure to water, can be reformed by establishing a new topography, a gradual 

shelving from land to sea. The coastal edge can then be reconstructed as a native littoral zone using indigenous 

plants.  The new littoral will have a series of distinct ecological zones based on the transition from salty to 

brackish to stormwater.  Along this hydrological gradient are planted the appropriate plant ecotones. This soft 

engineering approach represents an opportunity to restore Auckland’s rare salt meadow habitat. To demarcate 
the zones the ArcGIS buffer function can be used to form a 30m buffer zone (fig.43). 

6.10.1.3.2 Results of the Design Test  

The altered topography has the effect of lessening the effect of storm surges and allowing for flooding on the 

coastal edge (New York State Department of Environmental Conservation, 2014).  

6.10.1.3.3 Implication for the WQ Master Plan  

These remediation measures will have the least spatial impact on the proposed master plan, however, the new 

coastal zone does alter the urban nature of the typical waterfront promenade.  This is usually a hard, urban 
space (West 8, 2015). This remediation measure is a new kind of public space, a restored native littoral condition 

that helps to build resilience to sea-level rise.  

 

6.10.1.4 Biodiversity  

Introduction. 

The biodiversity rating for WQ is very low (Myers, 2014 ). The benefits of improving biodiversity within the city 

are numerous (see section 3.5.2 Biodiversity). 

An important technique for encouraging an increase of biodiversity is the planting of indigenous species (see 
3.5.3 Biodiversity Remediation Practice). To ensure the ecological health of the planting, the creation of an 

ecopatch assists. An ecopatch is where the planting forms a distinctive ‘island’, a separate, distinct and 

ecological homogenous zone. The health of this zone is dependent on two factors, the number of species and 

the size of the planted areas. The viability of the zone is then dependent on the distinction between these 

islands.  New Zealand scientists Meurk and Hall (Meurk & Hall, 2006),  suggest that the appropriate size for a 
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viable ecopatch is 6.5ha.The health of the ecopatch also depends on the distance to the next ecopatch. Meurk 

and Hall suggest that a maximum distance is 5 km.  

 

6.10.1.4.1 Design Work 

To understand the necessary size and connection of a WQ biodiversity island or ecopatch to other ecopatches in 

the Auckland region, a study of the location and types of surrounding ecopatches/parks is made. A set of 

concentric rings, 1km and 5km centring on WQ, is made and all open space, parks, native reserves within these 
zones are identified.  

 

The only urban park within 1km of WQ is Victoria Park. Though there are large trees within the park, they are an 

exotic species, Platanus × acerifolia.  The park is mostly an open grass sport field with little plant biodiversity and 

certainly nowhere near the requirement of a 6.5ha core patch (fig. 44). 
 

 

Within a 5km radial area, there are some parks large enough to have 6.5ha core patches. On the isthmus, there 

are four parks within 5km; these are Auckland Domain (2.7km), Mt Eden (3.9km), Western Springs (4.6km) and 
Cox’s Bay Reserve (2.8km). All of these parks are made up of open space and native trees. Across Auckland 

Harbour, there are two patches within the 5km radius; these are Leroy’s Bush Reserve (3.5km) and Kauri Point 

(4.2km). These reserves are both made up of mostly native species with some open space (fig.45). 

 

6.10.1.4.2 Results of the Design Test  

Successful connection could be made to viable ecopatches within a 5km radius.  A successful ecological patch 

could be established in the WQ. This important link for native flora can be made in an inner-city site, and would 

help to increase the ecological health of the proposed vegetation programme, leading to an increase in 
biodiversity for the WQ. 

 

6.10.1.4.3 Implication for the WQ Master Plan 

A viable ecopatch for the WQ would be 6.5ha and planted with a range of native species that duplicate a native 

Auckland littoral ecotone. (Fig. 46). However, as noted in the previous section, the loss of such a valuable 

amount of urban land for a function that has ecological benefits but is without any immediate economic return 

would be problematic. The existing WQ master plan could not accommodate this size of intervention.  
 
6.10.1.5 Summary of the Urban Implications of the Four Remediation Solutions  

The five LIUDD goals as outlined in the introduction have helped to frame the four environmental problems that 

were identified in the first section of this chapter: stormwater contamination discharge, pluvial flooding, sea-level 

rise and a lack of biodiversity. The remediation solutions modelled a 5.4ha remediation wetland, a network of 

flood retention zones and flood conveyance paths, a 30m-wide littoral sacrificial zone, and a 6.5ha ecopatch; 

they demonstrate the spatial implications of the necessary remediation measure for the WQ site. Using ArcGIS 

mapping, the dimensions of the four interventions are articulated. This mapping clearly shows the serious spatial 
implication of enacting any of the remediation measures necessary to address the critical environmental 

problems.  
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6.10.1.6 Discussion of the Results 

There are a large number of measures that can be used to remediate the four environmental conditions that will 

affect the WQ (these have been previously canvassed in Chapter Three). This section demonstrated how some 

of these measures can be modelled using ArcGIS software. This process then enables stakeholders to assess 

the feasibility of such measures according to different criteria. 

The ways in which stormwater could be remediated before discharge to the harbour was explored by testing 

different remediation strategies such as an end of pipe treatment wetland, green roofs, and increasing pervious 
surfaces areas by treating the whole of the WQ as a park. If the end of pipe wetland is chosen, then the location 

of this treatment measure is relatively flexible. The GIS mapping allows the location to be moved around the site 

as long as it is the same dimension, 5.4ha. In a similar way, the location of the ecopatch, used to increase the 

biodiversity of the site, is relatively flexible (fig.36,46). However, the position of the OLFP, the flood zones and 

sea-level rise remediation zones are fixed.  

However, the open nature of this design process makes the possibility of stakeholder and community 

engagement more real, and the processes identifying the potential environmental problems, and clearly 
represented in the GIS mapping, are able to be understood by the layperson as suggested remediation 

measures. Another advantage of this process is its provisional nature, meaning that a number of remediation 

measures and locations could be modelled and the process iterated a number of times. 
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Fig. 40: WQ Over Land Flow Paths buffered 10M (data from AC Geomaps)  
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41: Wynyard Quarter. Flooding and Overland Flow Paths Combined and Buffered by 10m (data from AC Geomaps)  
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Figure 42: Wynyard Quarter 2m Sea-level Rise and 30m Coastal Edge Buffer Zone (ArcGIS mapping. November, 2017) 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 43: Wynyard Quarter 30m coastal edge buffer zone. (ArcGIS mapping. November 2017) 
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Figure 44: Wynyard Quarter Location Plan of WQ within Auckland CBD (ArcGIS mapping. November, 2017) 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45: Wynyard Quarter Location Plan of WQ within Waitamata Harbour (Data from AC. ArcGIS mapping. November, 2017) 
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Figure 46: Wynyard Quarter: Indicative Size of the Eco Patch 6.5ha (ArcGIS mapping. November 2017) 
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6.10.2 WQ Urban Design  

 

Introduction 

The previous section describes how the five LIUDD goals were used to address the remediation of the four 

environmental problems (described in the predesign section). Installing these remediation regimes will obviously 

disrupt the conventional urban planning model of the typical waterfront. For example, the spatial requirement of 

the stormwater remediation wetlands at 5.4ha and the ecopatch at 6.5ha will mean a dislocation of the WQ 
master plan (see fig.36,46).  

 

6.10.2.1 Urban Design Testing  

If the necessity of remediating the four environmental problems, which will become more exacerbated with the 

advent of climate change, is accepted, then the existing WQ master plan is no longer viable.  

A new urban plan that accommodates the necessary remediation measures must be developed. This section 

explores how a new process for developing an urban master plan that allows for the remediation measures to 
function successfully, while at the same time ensuring a proper real estate return, might be conceived. 

This new process uses the LIUDD goal, New urban form through clustering (see section 4.5.8). The object of this 

goal is to lessen the building footprint, thus lessening the amount of impervious surface. The benefits of realising 

this goal are numerous: space for remediation measures, increasing pervious surfaces, and protecting the 

hydrological patterns of OLFPs (see Biodiversity Remediation Practice).  

This goal is derived from a design technique that was originally used to group individual suburban houses 

together to make a village-like form. Two building examples that explicitly use clustering are the 1967 Montreal 

Expo Habitat (Merin, 2013.), designed by Moshe Sadie, and Kelling House in Clarkdale Street, Bethnal Green, 
London, designed by Denis Lasdun (Curtis, 1994) in 1957. Both buildings derive their architectural form through 

aggregating an architectural type, in the case of the expo building, the house dwelling as cell, in the case of 

Kelling House, the two-up terrace house. However, clustering can also be thought of as a clustering of people in 

a single building form (Whyte, 1964). In this sense, the residential tower can be thought of as a kind of cluster 

housing (Perez, 2010). The tower block ensures a higher density while at the same time giving a reduced 

footprint. 

A number of techniques drawn from the LIUDD hinterland are used to accomplish the clustering goal.  The first 
technique to be used is McHargian ‘sieving’. In  ‘Design with Nature’ (McHarg, 1969), McHarg describes the 

technique that uses environmental mapping to identify the ecologically sensitive areas within the development 

areas. McHarg then demonstrates how to protect these areas from development by allocating zones of differing 

ecologically importance. The technique is to represent the hierarchies of ecological importance from the most 

sensitive to the least, using colour coding and shading. These simple techniques were transformed into a digital 

format to become GIS software (see 4.5.6 McHargian Planning and 4.5.7 GIS).  In this study, GIS mapping is 

used as a design tool (Steinitz, 2012) to locate the necessary environmental remediation zones. The areas 

outside of these zones can then be allocated for development activities.  

To help make the clustering operation measurable, building development ratios can be used. The total area of 

the building programme is often referred to as the Gross Floor Area (GFA). The mechanism for the clustering of 

the GFA into different building/site configurations is the Floor Area Ratio (FAR).  This is a ratio between the area 

that a building occupies on the site and the height of the building. By manipulating this ratio, a planner can 
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manipulate the site coverage of the building (see 2.4 Real Estate Planning). (Crudely speaking, less footprint = 

more height.)  

The representation of a measurable building form is important in understanding the spatial and formal 

implications of the process.  Clustering an existing building programme, the GFA, into a new building form, a 

simple bulking package to be located in the development zone, can be represented using a GIS function, 

Extrude. This function simply takes the footprint of the leftover space and ‘extrudes’ the footprint to the 

necessary height to accomplish the required GFA.  

6.10.2.2 Summary 

To accommodate the necessary remediation regimes of the waterfront, a process to design a new urban pattern 

and new building type will be developed and tested. ArcGIS software and McHargian sieving provide two 

techniques to map an existing site and to make design decisions to prioritise the remediation of the 

environmental problems. The necessary real estate programme can be accommodated through one technique, 

clustering, which works by amalgamating the required GFA into one building form by manipulating the FAR of 

the site.  This operation gives a conceptual building form that could ensures a higher-density development but at 
the same time reduces the impervious footprint of the overall development. This operation will produce a new 

urban pattern that will necessitate a rethinking of the current waterfront urban planning methodology derived 

from the New Urbanist movement.  

 

6.10.2.3 Scenarios 

To test these techniques, the WQ site is further investigated. Three scenarios are developed with different 

consequences for the location of the remediation zones and the building programme. The scenario testing uses 

the existing GIS analysis and modelling of the environmental remediation techniques, the GFA requirements 
from the original report. These maps are reassembled to consider different scenarios that explore different 

remediation programmes in different locations with different urban planning and building options.  

The first scenario models a simple pairing of two of the remediation landscapes: the conveyance and flood 

detention zones with the coastal buffer, and the consequences for the building programme. The conveyance and 

flood detention network and the coastal buffer, developed in the previous section, are combined and modelled in 

the WQ site. The ‘leftover’ space is mapped and calculated.  This ‘remnant’ space is then ‘extruded’ using an 

ArcGIS function to model the approximate 1,000,000m2 of GFA from the WQ programme (see fig. 50).  
 

A second scenario looks at accommodating the conveyance and flood detention zones with the coastal buffer 

and the stormwater remediation programme as explored in 6.10.1 WQ Design and LIUDD Goals. The 

remediation landscape for the conveyance, flood detention zones and coastal buffer follows the location in 

scenario one. The stormwater remediation programme is accommodated in the space between the buffered 

OLFP, forming a complex hydrological zone. This scenario explores the idea of breaking the one stormwater 

cleaning pond of 5.4ha (see 6.10.1.1.1 Wetland) into a number of smaller ponds. Using the ArcGIS attribute 

table, those parts of the remnant space below 4ha are allocated for the stormwater remediation programme, the 
total area of ponds equalling the required amount (5.4ha).  The space left over from the three remediation 

landscapes is mapped and calculated.  This footprint is then ‘extruded’ to accommodate the approximate 

1,000,000m2 of GFA from the WQ programme (see fig 58).  
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The third scenario looks at how the planning and planting of the ecopatch remediation zone could be 

accommodated within the development process. In this scenario, the spaces left over from the pluvial and 

coastal flooding remediation measures are again explored and various zones are allocated for different 

functions. In this scenario, the zone alongside the Westhaven Marina is allocated for the planting of the ecopatch 

(6.7956ha). The stormwater pond zone is allocated on the Wynyard Point site (4.4871ha).  (This is about 1ha 

less than the recommended 5.4ha.) The conveyance and flood detention zones and the coastal buffer zones 

stay the same. The space left over from these four remediation landscapes is mapped and calculated.  This 
footprint is then extruded to accommodate the approximate 1,000,000m2 of GFA from the WQ programme (see 

fig 68).  

 

6.10.2.4 Summary 

These three scenarios demonstrate the ways in which the environmental remediation measures will affect the 

typical waterfront urban pattern. Using ArcGIS software, the location and form of the remediation landscape can 

be modelled in a number of different scenarios. The building programme is accommodated in the space left over 
from the remediation landscape. These scenarios can undergo a number of iterations according to external 

criteria. The value of these scenarios is in the ability to spatially model the size and location of the remediation 

features and to model a new urban pattern. One drawback is that these scenarios have no economic test.  To 

address this issue a smaller case study scenario is explored using Wynyard Point as a test case. 

 

6.10.2.5 Wynyard Point 

To test the design process against the typical waterfront real estate economics, the Wynyard Point site is 

examined in detail. The official master plan has designated Wynyard Point as a new park for Auckland with a 
limited building programme. The site is approximate 8ha with a four-block residential building component of 

51,984m2 (see fig. 78). 

The design process, as described in scenario three, maps the location of two remediation landscapes, the 

remediation wetland and the coastal flood protection zone on WP. The new building programme will occupy the 

space left over from these two zones. In this study, the building morphology becomes more specific with the 

required GFA (taken from the official master plan specification) reconfigured into six towers with a 60 x 20m 

footprint and 12 stories high.  
The next stage explores the way in which the necessary remediation work, in particular, the treatment of the 

stormwater from the Freemans Bay catchment, will be funded. The idea of paying for this work via an enhancing 

building contribution that is driven by an allowed increase in the building height (the Vancouver model, see 

2.15.4 Development Contribution) is investigated.   
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6.10.2.5.1 Scenario One 

Introduction. 

Two potential environmental problems for the WQ that were uncovered, sea-level rise and pluvial flooding, are 

considered (see 6.8.3. Wynyard Quarter Environment Problems). The remediation measures for these problems 

that were chosen are a coastal buffer zone 30m wide that will absorb some of the consequences of sea-level 

rise such as increasing storm surges (fig.43), and a network of conveyance channels and detention ponds based 

on the overland flow path and flooding mapping (fig.41).   
 

6.10.2.5.1.1 Design Work 

The two remediation zones, the stormwater buffer and the overland flow paths, are mapped using ArcGIS 

(fig.47) and are then merged into one remediation zone (fig. 48) using the ArcGIS technique. Using the 

McHargian sieving technique, the ‘leftover’ space from the remediation zone can be allocated to a range of other 

users. In this scenario, the remnant space is allocated for the necessary WQ building programme (fig.49.). The 

footprint is then ‘extruded’ to accommodate the 1,000,000m2 of building programme (fig.51).  
 

6.10.2.5.1.2 Results of the Design Test  

In this scenario, the space necessary for the remediation of two environmental conditions/problems, pluvial 

flooding and sea-level rise, can be accommodated on the WQ site (fig. 50, 51). The WQ building programme can 

also be accommodated by occupying the space left over from the building programme.  

When the remediation zones are not subject to pluvial flooding or storm surges, this space can be thought of as 

a ‘park’, a public space for both the citizens of WQ and visitors. 

This scenario also does not allow for the building of the other remediation measures that are detailed in the 
previous chapter, such as remediating the stormwater from the Freemans Bay catchment and building a 

biodiversity ecopatch. 

 

6.10.2.5.1.3 Implication for the WQ Master Plan 

The most obvious implication of this design scenario is that the existing WQ master plan (fig. 2) is incompatible 

with the remediation landscape. The two-axis concept, connecting city and park to the new quarter (fig. 3), and 

the subsequent gridded street plan with building blocks determined by the master plan FAR (fig. 4), will have to 
be modified if remediating the environmental problems is to be accomplished.  

 

A new relationship between building and remediation landscape/public space is indicated. The conventional 

urban relationship of building to waterfront public space, the street, park or waterfront promenade has changed. 

Instead, the building programme has to intersect with the specificity of the remediation landscapes. These 

spaces, the remediation zones, are not defined by the building programme; they are not ‘the space between 

buildings’ (Ford, 2000). Instead the landscape defines the character of the site, and the building programme is in 

dialogue with this space.  For example, what sort of building programme might be located adjacent to the coastal 
buffer zone? Here is a new sloping topography from land to sea, planted with a sea meadow ecotone. The 

adjacent building function would be different to buildings adjacent to the flooding conveyance and detention 

network.  
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Figure 47: Wynyard Quarter. Scenario 1: 30m Coastal Edge Buffer Zone and Flood Zone and OLFP (ArcGIS mapping. November, 2017) 

 

 
Figure 48: Wynyard Quarter. Scenario 1: Flooding, Overland Flow Paths and Coastal Buffer Zone = Park Zone (ArcGIS mapping. November, 

2017) 
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Figure 49: Wynyard Quarter. Scenario 1: Building Sites (ArcGIS mapping. November, 2017) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50: Wynyard Quarter. Scenario 1: Building Zone and Remediation/Park Zone (ArcGIS mapping. November, 2017) 
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Figure 51: Wynyard Quarter. Scenario 1: View from the North of the Building Programme (ArcGIS mapping. November, 2017) 
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6.10.2.5.2 Scenario Two 

 

Introduction 

Addressing the shortcomings of the previous design scenario, especially the lack of a stormwater remediation 

area for the Freemans Bay catchment, this scenario models three hydrological remediation regimes. The pluvial 

flooding and coastal flooding remediation landscapes from the previous scenario are left in the same location. A 

stormwater remediation wetland as modelled in the previous section is proposed. This scenario tests the ability 
of a large urban development site to accommodate increasingly complex remediation measures.   

 

6.10.2.5.2.1 Design Work 

The previous design study demonstrated a simple McHargian sieving process, where areas of the site are 

allocated to environmental remediation measures and the space left over is to be allocated to the building 

programme.  

The areas for the coastal buffer zone and the pluvial flooding remediation are determined by the particular 
landscape condition of the site, i.e., the overland flow path and flooding network and the coastal edge. The 

challenge of this scenario is finding a site large enough to accommodate the stormwater remediation wetland 

(approximately 5.4ha). However, unlike the other two remediation measures, the area and location of the 

stormwater remediation pond is flexible. While the treatment wetland has to be located near the end of the 

existing Freemans Bay stormwater discharge point, the wetland could be broken into a series of smaller ponds.  

Different location options can be modelled by looking at the ‘leftover space’, the building sites, from the previous 

scenario (fig.52). One option is to find the larger ‘leftover space block’ and allocate that to a single wetland 

treatment zone. Another option is to work with the smaller ‘leftover space blocks’. 
In the latter scenario, all the leftover space blocks are identified and measured using the attribute table, a 

function in ArcGIS. Leftover space blocks that are less than 2ha are identified and reallocated to the stormwater 

remediation programme (fig. 53). However, the combined area of the 2ha blocks doesn’t meet the required area 

for the stormwater remediation function (approximately 5.4ha).  Another option is tested, all the leftover space 

blocks that are less than 4ha are identified and then reallocated to the stormwater remediation programme (fig. 

54). If two blocks are adjacent they can be merged. Figure 55 shows the results of this operation, where all the 

purple area shows the building zones over 4ha after this operation.  
The next operation is to reinsert the pluvial flood zone remediation network into the map of building zones over 

4ha (fig.56), and the coastal flood zones (fig.57).  

Figure 58 shows the building zones (purple), pluvial flooding zones (blue), coastal buffer zones (dark blue and 

green), and the stormwater remediation ponds (light blue). 

The result of this allocation and location operation is a new network of five stormwater remediation ponds that 

run from the corner of Fanshawe Street and Halsley Street, diagonally across the WQ site, to the western end of 

the North Wharf. The building programme is again located in the leftover spaces. The building GFA now has to 

be distributed into a smaller footprint, consequently the height of the new building programme has to increase.  
A more defined urban pattern is now becoming evident with the building zones alternating with the remediation 

zones.  

 

6.10.2.5.2.2 Results of the Design Test  

The addition of the stormwater remediation wetlands to the other two remediation measures starts to better 

define a new urban pattern, a new WQ master plan. The remediation zones form a patchwork across the WQ, 
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linked by the coastal flood buffer zones. The building zones form a series of three blocks, two of which line up 

with the Westhaven side of the WQ, while the third block fronts onto the Lighter Basin (fig. 60). 

While Scenario Two clearly demonstrates how three of the important environmental remediating measures can 

be accommodated, the location of the biodiversity ecopatch is missing.  

 

6.10.2.5.2.3 Implication for the WQ Master Plan 

Allowing for the necessary remediation infrastructure means that a radical rethink for the existing WQ master 
plan is necessary.  

The four allocated building zones, while not actual building forms, are starting to form a distinct zone with a 

specific relationship to the new remediation landscape. The Wynyard Point building form occupies the entire site, 

yet there is a mediating landscape between the building block and the Waitamata in the shape of the sea-level 

rise buffer zone. In a similar way, the building zone adjacent to the Westhaven Marina also has a relationship 

with the Waitamata, mediated with the storm surge margin and a number of OLFP buffer zones (fig. 59. View 

from the South West). 
This southern block is bisected by a flood detention/conveyance zone, forming two distinctive blocks with two 

different relationships to the remediation landscape. The eastern side faces the larger flood 

detention/conveyance zone. The last building block fronts on to the Lighter Basin and is surrounded on the other 

three sides by the remediation wetland of stormwater treatment and flood detention (fig.61.View from the South 

East).  
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Figure 52: Wynyard Quarter. Scenario 2.: Building Sites 

 
Figure 53: Wynyard Quarter. Scenario 2:  Identification of all leftover space zones less than 2ha (ArcGIS  

mapping. November, 2017) 

 



 158 

 
Figure 54: Wynyard Quarter. Scenario 2: Removal of all Building Zones less than 4ha (ArcGIS mapping. November ,2017) 

 
Figure 55: Wynyard Quarter. Scenario 2: All Building Zones over 4ha (ArcGIS mapping. November, 2017) 
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Figure 56: Wynyard Quarter. Scenario 2: Building Zones over 4ha and Pluvial Flood Zones (ArcGIS mapping. November, 2017) 

 
Figure 57: Wynyard Quarter. Scenario 2: Building Zones over 4ha and Pluvial Flood Zones and Coastal Flood Zones (ArcGIS mapping. 

November, 2017) 
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Figure 58: Wynyard Quarter. Scenario 2: Building Zones and Pluvial Flood Zones and Coastal Buffer Zones and Stormwater Remediation 

Ponds (ArcGIS mapping. November, 2017) 

 

 
Figure 59: Wynyard Quarter. Scenario 2: View from the South West (ArcGIS mapping. November, 2017) 
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Figure 60: Wynyard Quarter. Scenario 2: View from the North (ArcGIS mapping. November, 2017) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 61: Wynyard Quarter: Scenario 2: View from the South East (ArcGIS mapping. November, 2017) 
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6.10.2.5.3 Scenario Three  

Introduction. 

This scenario models the spatial and urban implication of providing four remediation regimes: the wetland 

remediation zone, the pluvial flooding detention and conveyance zone, the coastal buffer zone, and increasing 

biodiversity through the creation of a ecopatch (as outlined in 6.10.1.4.1 Design Work). The resulting urban plan 

is modelled with two different architectural scenarios. 

 
6.10.2.5.3.1 Design Work 

In this scenario, the location of the four remediation zones is modified from the previous design scenarios. The 

location of the pluvial flood detention zone, conveyance network and coastal buffer zone remains the same as 

scenario two. (Fig. 41).  However, allocating an appropriate-sized zone for the wetland remediation pond and 

ecopatch relies on a reallocation of the building zones (fig.62). Using the attribute table, it is possible to calculate 

the size of each of the building blocks and hence build up the necessary area.   

In this scenario, the ecopatch and wetland are located on the western side of the WQ, adjacent to the 
Westhaven Marina. The ecopatch occupies the building block programme from Fanshawe Street to North Wharf 

(fig.63). The stormwater remediation wetland (fig.64) occupies Wynyard Point. These zones are positioned on 

the Westhaven side of the WQ.  

The coastal flooding buffer zone and the remaining building zones, adjacent to the Lighter Basin, are allocated to 

the building programme (fig.65). 

The two hydrological conditions, the overland flow paths (fig.66) and the flood zones (fig 67), are added. The 

WQ building GFA is distributed into a smaller footprint and consequently the height of the new building 

programme is increased. 
 

6.10.2.5.3.2 Results of the Design Test  

The four environmental remediation zones dominate the landscape of the WQ. Entering the site from Beaumont 

Street the visitor is confronted with a large 6ha ecopatch, a richly diverse piece of coastal bush.  

The patch is bisected with buffered overland flow paths that help to convey flooding during adverse weather 

conditions, but in normal circumstances, help the visitor to move through the bush planting and towards the 

coastal zone (fig. 70). 
Beyond the ecopatch is the stormwater remediation wetland which occupies the whole of Wynyard Point. The 

wetland is both a treatment facility for the stormwater from the Freemans Bay catchment and a re-creation of a 

typical coastal Auckland wetland that merges with the coastal buffer zone to create a richly diverse ecotone with 

fluid and shifting conditions, between saline, brackish and stormwater (see fig. 68).  

 

The pluvial flood control network, made up of both detention ponds and conveyance channels, forms a complex 

interstitial network on the eastern side of the WQ. The hydrological condition of this zone is also fluid and 

temporal according to the seasons. Typically, the conditions can range from dry to wet to flooding, and the 
vegetation programme is planned accordingly. For most of the year the zone could be used as a public space, 

with the proviso that people can move to safer areas in case of flooding (see 3.3.5 Pluvial Flooding Planning ) 

(SLA, 2015). The new building programme occupies the spaces around this network, forming a new urban 

relationship between building and remediation landscape (see fig 69). 
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6.10.2.5.3.3 Implication for the WQ Master Plan 

In this scenario, the necessary remediation infrastructure dominates almost all of the site, leaving only 5.1543ha 

for the building programme. This implies a completely new urban pattern for the WQ master plan. The remaining 

space is developed as seven building blocks located between the urban landscape of the Lighter Basin and the 

Viaduct Harbour and the pluvial flooding remedial landscape. The WQ master plan building GFA is allocated to 

the seven blocks. These blocks are simply extruded to accommodate the necessary building programme (see fig 

68,69,70). 
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Figure 62: Wynyard Quarter. Scenario 3: Building Sites 
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Figure 63: Wynyard Quarter. Scenario 3:  Eco Patch (ArcGIS mapping. November, 2017) 

 
Figure 64: Wynyard Quarter. Scenario 3: Stormwater Remediation (ArcGIS mapping. November, 2017 
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Figure 65: Wynyard Quarter. Scenario 3:  Building Zones and Coastal Zone (ArcGIS mapping. November, 2017) 

 
Figure 66: Wynyard Quarter. Scenario 3: Overland Flow Paths. (ArcGIS mapping. November, 2017 
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Figure 67: Wynyard Quarter. Scenario 3: Flood Zone (ArcGIS mapping. November, 2017) 

 
Figure 68: Wynyard Quarter. Scenario 3: View of Scenario 3 (ArcGIS mapping. November, 2017) 
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Figure 69: Wynyard Quarter. Scenario 3: View of Scenario 3. From the South West (ArcGIS mapping. November, 2017) 

 
Figure 70: Wynyard Quarter. Scenario 3: View of Scenario 3. From the South (ArcGIS mapping. November 2017) 
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6.10.2.5.4 Architectural Scenarios  

The simply extruded building form of scenario three gives an approximation of the WQ building programme in 

terms of massing and location. The architectural possibilities of this basic building form/massing study can be 

further explored by thinking about two basic architectural typologies, the tower block and the megastructure.  

The genesis of the tower block and its relationship to the landscape are well known (Urban, 2012). The 

precedents for the megastructure can be found in the 1960s-megastructure movement, and in its more 

contemporary manifestation, landform building. Megastructures were an urbanist/architectural movement in the 
1960s (Banham, 1976). Architects attempted to resolve the problem and issues of the contemporary city through 

the agency of a single (very large) building. There are many unbuilt projects which help to define the urbanist 

features of this ideology: Friedman's Citee Spatiale and Constant's New Babylon suggest an open frame, which 

is explored and colonised by the city’s inhabitants. Le Corbusier's Plan Obus in Algeria, a proto megastructure 

from the 1930s, combined infrastructure-like services and roads with housing to form a linear city form. This 

model was developed in the planning of Cumbernauld New Town in Scotland. In Japan, the metabolism 

movement developed utopian megastructures, most famously Kenzo Tange’s 1960 Tokyo Plan. Tange 
proposed a massive linear urban form organised along a three-speed freeway spine. The megastructure avoided 

demolishing the existing city of Tokyo by building on Tokyo Bay (Banham, 1976).  

 

6.10.2.5.4.1 Architecture Scenario One: Megastructure 

The megastructure option is to treat the leftover site as a single ‘building’. To model this option, the GIS function 

Merge is used to eliminate the boundaries between the seven leftover blocks, transforming the site into one 

large block. The master plan GFA is then allocated to this space, and the resulting amalgamated building 

footprint is then extruded, giving a 19-storey, 57m-high, single structure (fig.71, 72,73). (As a comparison, the 
Embarcadero Centre (Portman, 1970-85), a megastructure building that was begun in the 1970’s in San 

Francisco, occupies a 4ha site. The building consists of a four-storey high podium, approximately 400 x 100m, 

that covers a number of street blocks with five towers, with a total GFA of 445,900m2.)  

 

6.10.2.5.4.2 Architecture Scenario Two: The Tower Block. 

The tower block option is another architectural scenario. The tower block has the ability to reduce the impervious 

footprint of the building programme while ensuring the necessary GFA is realised. In this scenario, a generic 
apartment tower plan is selected with a footprint of 60m x 20m.  The seven ‘footprints’ left over from the 

hydrological network provide a platform on which to arrange the tower block plan (this ensures that the pluvial 

flooding infrastructure is retained).  The distribution of the blocks is contingent.  The result is 16 tower footprints. 

These are then extruded to accommodate the 1,000,000m2 GFA necessary. The resulting towers are 55 stories 

high (166m) (fig.74,75, 76,77).  

 

6.10.2.5.4.3 Summary 

The predesign phase demonstrated that the current WQ master plan, a highly impervious gridded urban 
structure, cannot accommodate the remediation measures necessary to treat contaminated stormwater, convey 

and, where necessary, temporarily detain pluvial flooding, create a viable biodiversity ecotone, and buffer the 

effects of sea-level rise. 

 

Therefore, an alternative urban planning model must be sought. By developing an allocation strategy based on 

prioritising environmental remediation regimes rather than a fixed master plan, the LIUDD theory, goals and 
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techniques, enable the designer(s) to develop scenarios which can be tested in different ways.  Different 

stakeholders, the community, government agencies, design professionals, can engage in the design 

development of the contemporary waterfront, while the basic rationale of the process – increasing the 

sustainability and resilience of the waterfront master plan – remains constant. To gain further insight into the 

building programme, architectural scenarios can be modelled. In the previous section, two basic architectural 

types, the megastructure and the tower block, were modelled to gain an understanding of the architectural 

implication of the new process. This process can help inform stakeholders of the broader architectural 
possibilities of the new programme without having to engage in a detailed architectural study.   
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Figure 71: Wynyard Quarter. Architecture Scenario 1:  From the South West (ArcGIS mapping. November, 2017)  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 72. Wynyard Quarter. Architecture Scenario 1: From the South (ArcGIS mapping. November, 2017) 
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Figure 73. Wynyard Quarter. Architecture Scenario 1: From the East (ArcGIS mapping. November, 2017) 

 

 
Figure 74: Wynyard Quarter. Architecture Scenario 2: From the South (ArcGIS mapping. November, 2017) 
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Figure 75: Wynyard Quarter. Architecture Scenario 2:  From the East (ArcGIS mapping. November, 2017) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 76: Wynyard Quarter. Architecture Scenario 2: From the South West (ArcGIS mapping. November, 2017) 
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Figure 77: Wynyard Quarter. Architecture Scenario 2: From the South (ArcGIS mapping. November, 2017) 
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6.10.3 Wynyard Point Case Study  

 

Introduction  

The previous study demonstrates, through the GIS modelling of a number of scenarios, how the use of LIUDD 

goals and techniques can address the environmental problems of the WQ while at the same time retaining the 

existing real estate programme in different formal configurations.  

This investigation starts with an in-depth design inquiry into the implication of the third scenario on Wynyard 
Point (the proposed location of the remediation wetland). The design deepens the investigation by using the 

design process developed in the previous section to build up a new master plan for the WP site. The following 

section looks at how the financial viability of the project can be maintained by using a variation on the building 

contribution, the Vancouver option (see 2.5.4 Development Contribution). The investigation uses a basic 

financial feasibility study (see 2.5.3 Development Feasibility Study).  The existing WP master plan is analysed 

first to give the real estate base data. 

 
Wynyard Point  

Wynyard Point is at the northern end of the WQ. At present it is occupied by an industrial tank farm. The tanks 

are still leased by a number of petrochemical companies (the leases don’t expire until 2025). The size of 

Wynyard Point Park is approximately 8ha, and the design programme for it is outlined in the WQ urban design 

framework (Architectus, 2007).  

  

4.3.1 Wynyard Point Park Key Concepts: 

A. The overall built form will establish a wharf-related character with a maximum height of 27m. Smaller-scale 

development sites (approximately 60m x 60m) are divided by the Daldy Street axis which connects to Wynyard 

Point Park.  

B. The Daldy Street axis terminates in Beaumont Plaza, which will function as a pick-up and drop-off area and 

location for passenger transport. 

C. A grid of 10m-wide east-west lanes aligned perpendicular to the wharf axis will visually connect Wynyard 

Point Park to the CBD and harbour.  

D. Active edges will define the Beaumont Street and Brigham Street frontages. Canopies and verandas will 

provide shelter at street level for pedestrians. 

E. Retail and entertainment uses and a possible cultural facility will activate Wynyard Point Park.  

F. Wynyard Wharf will be activated by development which complements its use as a public space as an 

important marine-related infrastructure. 

G. Wynyard Wharf and Wynyard Point Park will establish a regional, public, open-space destination.  

 

The proposed real estate development area in the Wynyard Point Zone are four blocks confined to the south-

east corner of the site, at the intersection of North Wharf and Brigham Street.  The rest of the site is zoned for 

public space and an ‘iconic’ public building at the northern end of the point. Looking at the master plan, 

Architectus has extended the park axis into Wynyard Point as a formal boulevard that cuts through the four 

building blocks. Each block site has an accumulative footprint of  60 x 60m2 (Architectus, 2007), giving a total 
site footprint of 14,400m2. The FAR is 3.61, giving a GFA (Gross Floor Area) of 12,996m2. The maximum 
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building height is eight floors, giving a typical floor area of 1624.5m2. There are four sites, giving a total GFA of 

51,984m2. The building forms are diagrammatic.  

 
Figure 78: The Wynyard Point Master Plan (Architectus, 2007) 

 

In an alternative design recently published in the NZ Herald (fig.7), the designers (TCL Peter Eliot, 2016) have 

moved the location of the four blocks to an area facing Westhaven. This has the advantage for the apartment 

dwellers of a pleasant view facing west, looking into the marina. No doubt this will increase the sales prices of 

the apartments and thus ensure a better financial return. The implications for public space are less certain, and 
the northernmost building will certainly block the end of the park axis, a fundamental component of the Walker 

master plan (fig.78). 

 
Figure 7: Auckland Waterfront Development. TCL and Peter Elliot (TCL Peter Eliot, 2016) 
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6.10.3.1 Design Work 

Wynyard Point is a highly industrialised landscape, the location of a petrochemical tank farm, and with an 

extremely polluted ground condition (fig.80).  

The third scenario (fig.79) in the WQ study shows Wynyard Point Park occupied with a large wetland 

remediation pond with a 30m coastal buffer.   

 
Figure 79: Wynyard Quarter. Scenario 3 (ArcGIS mapping. November, 2017) 

 

For this closer study of Wynyard Point a more accurate Digital Elevation Model (DEM) was constructed. This led 

to a more accurate mapping of the specific hydrological condition of Wynyard Point including a more precise 

map of the Overland Flow Path (OLFP) network (fig. 81). This network demonstrates how surface water is 

flowing on the site and especially where it discharges into the harbour. According to the previous study 
(6.10.1.1.1 Wetland), to remediate the water from the Freemans Bay catchment will require a wetland of 5.4ha. 

In this scenario, the option of constructing smaller, interconnected remediation ponds is explored.  

To size and locate the network of stormwater cleaning wetlands, the OLFP network was increased in size 

through a buffering operation and amalgamated (fig.83). In this way, the space required for the Freemans Bay 

stormwater treatment operation was accommodated while connecting to the existing hydrological network.  

The first operation shows the overland flow paths buffered by 10m (fig 82). The network was then buffered by 

25m and amalgamated. This forms a total area of 51706.177m2. (The area required for the treatment of 

stormwater from the catchment is 5.4ha.) 
However, rather than one large single zone as in Scenario 3 (fig. 64), the buffered overland flow path network 

gives a more nuanced design outcome.  

The result is a hydrological pattern that would become a collection of both large and small wetland remediation 

ponds directly connected to the littoral (seven ponds along the Westhaven Marina side with six ponds on the 

Wynyard Bay side). These ponds would be fed by the existing Freemans Bay outlet, currently located at the 

junction of North Wharf and Daldy Street.   
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The next operation is to accommodate the expected sea-level rise and the associated storm surges. To 

accomplish this task a 30m buffer around the edge of Wynyard Point is set aside to protect the interior (see 

fig.84) 

 

6.10.2.3 Coastal Flooding)  

Figure 85 and 86 show the combination of the two environmental remediation measures, the storm surge buffer 

and the stormwater remediation wetlands, with the overland flow paths. 
 

6.10.3.2 The Building Programme 

The ‘leftover’ areas, the zones that are not directly used for stormwater remediation and the littoral zone, are set 

aside for the building programme (fig. 87).  

To accommodate the necessary building programme on the ‘leftover space’ a tower block model is explored. 

The blocks are positioned on the ‘leftover’ building zones clear of the coastal protection buffer (fig. 88). As in 

Scenario 3, Architectural Scenario 2, a conventional 60 x 20m residential apartment slab with a central corridor 
(based on the Pavilion in Newark designed by Mies van der Rohe) (Schulze, 2012) is used.   

In this scenario, the building programme is speculatively divided into four blocks. The total WP GFA of 51,984m2 

is divided into the four footprints; these blocks are then extruded to accommodate the total GFA, giving four 11-

storey-high blocks (3m floor to ceiling equals 33m total height). The arrangement is obviously provisional, and 

there are a number of additional metrics that could be applied to make the positioning more nuanced, but the 

demonstration is a scenario not a master plan (fig.89,90). 

 

6.10.3.3 Results of the Design Test  
The maps represent the testing of a design process based on accommodating the necessary remediation 

regime to ensure the environmental resilience of the Wynyard Point waterfront development, while at the same 

time satisfying the necessary real estate return. The following comments are a series of speculative possibilities 

for the different designated zones.  

Using the new remediation wetlands to treat the stormwater from the Freemans Bay catchment would require an 

extension of the existing Daldy Street trunk line. The stormwater treatment zone is generated by a buffered and 

the amalgamated OLFP network.  The result is a series of smaller wetlands that discharge the cleaned 
stormwater directly into the harbour. The wetlands would be excavated to below the mean tide level where 

applicable. The local high tide rises to 1.5m above MHSL so each wetland can be excavated to a lowest level of 

2.0m. Some of the wetlands discharge points are excavated to below the high tide level to contribute to the 

coastal ecological restoration of the 30m buffer zone. This zone would be characterised by a mix of topographic 

modification and the restoration of indigenous coastal species. Approximately 60 percent of the excavated zone 

area will be a stormwater wetland. The stormwater wetland ground level is at 2.5m, with 1m-deep pools 

excavated to 2.0m. This is high enough to prevent the tide flowing into the wetlands, though with sea-level rise, 

these environments may become brackish, rather than fresh water.  
 

6.10.3.4 Building Programme 

The location, size, and disposition of the four towers is provisional, but it does act as a way to model the 

architectural implications of accommodating a typical waterfront real estate programme into a site of which a 

large part is devoted to an environmental remediation programme.   
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6.10.3.5 Implications for the Existing WP Master Plan. 

If the remediation of a serious environmental problem, the pollution of the WP littoral by contaminated 

stormwater, is considered important, it will be difficult to enact the existing master plan.  

The WP design study demonstrates a new design process. The GIS mapping and analysis of the remediation 

measures has scale and a dimensional reality, with a clear relationship between water, land and building. 

However, the mapping lacks a material reality, the remediation zones are areas in which certain activities could 
take place; a building, a wetland, a coastal buffer. The WP study is a demonstration of a design process which is 

not fixed like a conventional master plan. The process is elastic enough to be able to be modified while retaining 

the primacy of the environmental remediation regimes, their size and position intact. The next stage would be a 

more conventional design process where the material consequences of the wetlands planting, the building 

shapes, and specific infrastructure requirements could be explored. 
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Figure 80: Wynyard Point. Aerial (ArcGIS mapping. November, 2017) 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 81: Wynyard Point. Overland Flow Paths (ArcGIS mapping. November, 2017) 
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Figure 82: Wynyard Point. Overland Flow Paths Buffered 10m (ArcGIS mapping. November, 2017) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 83: Wynyard Point. Overland Flow Paths Buffered 25m and Amalgamated (ArcGIS mapping. November, 2017) 
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Figure 84: Wynyard Point. Coastal Buffer Zone 30m (ArcGIS mapping. November, 2017) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 85: Wynyard Point. New Plan (stormwater remediation wetland = light blue, and storm surge buffer = green, building zone = purple)  

(ArcGIS mapping. November, 2017) 
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Figure 86: Wynyard Point. New Plan (ArcGIS mapping. November, 2017) 
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Figure 87: Wynyard Point. Building Footprint (ArcGIS mapping. November, 2017) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 88: Wynyard Point. Building Footprint (stormwater remediation wetland = light blue, storm surge buffer = green, building zone = 

purple, building footprints = white) (ArcGIS mapping. November, 2017)  
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Figure 89: Wynyard Point. Extruded Buildings. View from the South East (ArcGIS mapping. November, 2017)  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 90: Wynyard Point. Extruded Buildings. View from the North East (ArcGIS mapping. November, 2017) 



 189 

6.10.4 Wynyard Point Feasibility Study 

 

Introduction 

The previous section outlined a design process whereby the existing Wynyard Point master plan is transformed 

by the installation of two environmental remediation regimes: a storm surge buffer and a group of stormwater 

treatment wetlands for the Freemans Bay catchment outfall. 

While acknowledging the importance of the environmental problems that many waterfront developments will 
face, this section explores how a remediation programme for these problems might be funded. 

This section explores a financial planning model to accompany the design process that has been outlined in the 

previous section.  A financial feasibility study, using an Excel spread sheet to understands the costs, helps to 

build a simple analysis. This work is based on a real estate analysis model by Tim Havard (Havard, 2014). 

Havard looks at the different ways in which the development costs of a typical real estate development can be 

modelled. Havard then demonstrates, to increasing levels of complexity, how a model can be used to predict the 

future costs of a project in today’s money. Using the analytical methods that are outlined by Havard, three 
design scenarios are tested. 

The first scenario tests the Architectus master plan (Architectus, 2007). The analysis simply looks at the financial 

feasibility of building the four residential blocks and what profit will accrue.  

The second study examines the financial costs of the remediation design as articulated in the previous section. 

(6.10.7.2 Wynyard Point Design Process). In this study, the cost of the demolition of the existing infrastructure 

and the remediation of the contaminated ground are examined as well as the cost of the construction and 

planting of the wetland and littoral zones, and the cost of the new infrastructure (paths, roads, etc). The 

implication of the cost of remediation work is then examined.  
In the third scenario, the Vancouver development contribution model (as outlined in 2.5.4 Development 

Contribution) is discussed as a strategy to pay for the cost of the environmental remediation and other 

associated costs. A simple spread sheet appraisal is used as the basis for the three scenarios. 

 

6.10.4.1 Financial Feasibility Study of the Architectus Master Plan 

 

To develop a residual development appraisal of the Architectus plan, a number of broad assumptions were 
made (see table 4). The costs for the apartment construction sale are derived from the Rawlinson’s Construction 

Handbook (Rawlinson’s 2013-14). The development financing costs are taken from Havard (Havard, 2014 ) (an 

English text book, but broadly in line with New Zealand costings). The site value has been derived from the cost 

of the land at $1500.00m2 from the ArcGIS data. This figure is taken at face value and not discounted through 

the life of the project or subject to the vagaries of interest in the different stages of drawdown (discounted cash 

flow percentage) (Havard, 2014, pg. 63). The finding of the study can be summarised as the total cost of the 

Architectus building project, $486,760,321. The profit is $31,639,680. 

 
6.10.4.2 Financial Feasibility Study of the Remediation Strategy   

This scenario uses the feasibility study for the Architectus master plan as a base spread sheet. It is assumed 

that the building costs will remain broadly the same (even if the building form and location are different). The only 

change in costs is the site value. In the Architectus study the site value is the combined footprint of the four 

buildings at 14,000m2. For the remediation study the site cost is smaller as the building footprint is reduced to 

four towers, a total building footprint of 4000m2, and the cost difference at $1500/m2 is $14,700,000.  
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However, the costs of the demolition and remediation of Wynyard Point are considerable. The first order of costs 

is removal and disposal of the existing tanks. The second cost is the stripping and remediation of the existing 

contaminated fill. This cost of this work for Wynyard Point is a topic that has been debated via the NZ legal 

system for a number of years between Waterfront Auckland (now Panuku) and Mobil, the multinational 

petroleum company that has leased the tanks (Edmunds, August 25, 2015). However, the design concept of 

excavating the overland flow paths for stormwater remediation wetlands (see previous section) is an opportunity 

to remove the contaminated fill and provide a new remediation environment.  Placing the contaminated fill on the 
site and carrying out soil remediation via phytoremediation, the use of planting to extract and treat soil 

contaminants (Rock, 2001), lessens the cost of disposal of the contaminated fill. Capping the contaminated fill 

with clay is a necessary measure for the construction of the wetlands. The last cost is the construction of the 

new infrastructure (see table 5). 

 The figures for this work are taken from Rawlinson’s Construction Handbook.  

  

Task Area Rate  

Demolition and removal 

of all the existing tanks 

3.62 hectares $134m2 $4,850,800 

Fill remediation 8 hectares $84.00m2 $ 6,720,000. 

Relocating fill 8 hectares $60.00m2 $ 6,979200 

Wetland construction 3.5 hectares $200/m2 $ 7,000,000 

Planting 4.5 hectares $400/m2 $ 18,000,000 

 

The total cost of the rehabilitation of the existing site and construction of the remediation landscapes is 

$43,550,000 (Rawlinson’s, 2013-2014).  

 

Comments  

If the profit for the real estate development on Wynyard Point was the sole source of funding to pay for the 

Wynyard Point remediation, then the profit would be substantially reduced. However, there may be other funding 
options.  

The cost of the contaminated soil remediation should be paid for by the oil companies that have leased the land 

and caused the pollution.  

The cost of building a new park and public building for the official Wynyard Point master plan would have been 

met by the local authority, Auckland Council. This cost could reasonably be expected to go towards a 

remediation landscape if the council was so minded.   

The next section explores whether a development contribution could be a feasible solution to fund a remediation 

landscape.   
 

6.10.4.3 Financial Feasibility Study of the Remediation Strategy Financing the Remediation Programme 

As part of the typical building process, a financial donation by the owner to the local authority is a common 

regulation in the western world.  In the section, 2.5.4 Development Contribution, the use of the developer 

contribution to pay for social, cultural and environmental good works was discussed. The City of Vancouver has 

developed a specific variant on the development contribution (Gray, 2012).  Vancouver’s specific model allows 

the developer to gain extra GFA through manipulating the FAR, in effect, building more floors. In Vancouver, 70 
percent of the ‘uplift’ or profit on allowing the developer to build extra GFA is taken as a development 
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contribution to pay for what the council deems would add to the urban improvement of Vancouver. This model is 

called the CAC.  

 

To understand how the Vancouver model could be used to help pay for the Wynyard Point remediation 

programme, a spread sheet analysis was carried out (see table 5). 

A summary of the process would read:   

• The sales cost of an apartment building in Auckland is typically $10,000.00m2, the floor plate of the WP 
apartment is 1200m2, giving the sale price of $12,000,000 per floor 

• The developer profit is assumed at 20.00 percent = $ 2,400,000 per floor  

• The CAC, the developer contribution, is 70 percent of the profit per floor = $1,680,000 per floor  
 

Using the Vancouver model to pay for the cost of the remediation work would allow the developer to build more 

floors but, in doing so, levying a development contribution on those floors would help pay for the cost of 

remediating the existing environmental problems.  

 

• The cost of the remediation works is $43,550,000.  

• Divide this figure by the CAC (1,680,000 per floor) = 25.92.  

• Divide this between the four towers = 6.480654762  

• Extra six floors per tower, giving each tower a height of 17 stories (fig. 91,92,93). 

 
 
Figure 91: Wynyard Point. Extruded Buildings, Increased Height. View from the North East. (ArcGIS mapping. November, 2017)  
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Figure 92: Wynyard Point. Extruded Buildings, Increased Height. View from the North West. (ArcGIS mapping. November, 2017)  

 

Summary 

This short and rudimentary investigation demonstrates how the financial viability of the new waterfront design 

process might be attained. The use of a developer contribution, generated by an increase in allowable GFA is 

also modelled and the results, while elementary, indicate at least a possible solution to the increasing costs of 

providing a remediation landscape.  
 

6.10.4.4 The Next Development Stage 

The next stage of the development would be the phasing of the construction programme. There are two 

international models for this stage, the Australasian/British model or the American development model.  

The waterfront development construction model that has been developed in Australasia /Britain has a large initial 

public financing of public space, thus encouraging developers to then invest in a private building programme.  A 

good example is the North Wharf building programme as part of WQ.  The construction of the Jellicoe 

Street/North Wharf public space programme was financed through public money before the private construction 
of the ASB HQ.  

In contrast, the American waterfront development model has the public space being paid for via a developer 

contribution. In this case a staged construction programme is more likely with the building programme being 

initiated first, thus obtaining the first financial contribution to start developing the public space.  

Using the American development scenario to speculate on the construction programme for WP, the obvious real 

estate appeal of the apartment towers and the proximity to the sea and views would suggest that the first tower 
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to be constructed would be at the end of Wynyard Point. This would be the most valuable in terms of appeal to 

buyers. The development contribution from the construction of this tower would finance the start of the 

remediation landscape.  The new wetlands and storm surge buffers could then work ‘backwards’ from the 

headland block. In this way, the new remediation infrastructure could be progressively constructed rather than 

having to be done in one (expensive) swoop.   

 
Figure 93: Wynyard Point. Extruded Buildings, Increased Height. View from the North (ArcGIS mapping. November, 2017)  

 

6.10.4.5 Summary and Discussion 

The three financial scenarios, (while preliminary feasibility studies) tellingly reveal the pros and cons of both 

urban models: the Architectus scheme, a traditional new urbanism model with a clear differential between 

building and public space, and the new remediation landscape driven by the LIUDD goals. 

The Architectus scheme does reveal the attractiveness of the new urbanist model for waterfront developers.  A 

site can be chosen with the best location for the building development, in this case near to the new public 

infrastructure of the North Wharf. The remainder of the site, a contaminated brownfield, can be capped and a 
public space can be created via public financing.  

However, as discussed in the previous sections, the existing environmental issues on the site will not disappear. 

The remediation of these environmental issues is critical. The techniques are well known; the only question is, 

where is the space for the remediation to occur and how will the remediation be paid for? The WP design 

scenario study has demonstrated a way in which the necessary remediation regimes could be installed on a 

waterfront site.  The real estate formula for the site development can stay intact, it is only the architectural form 

that changes from the new urbanist block to the tower in the park. The cost of financing the new rehabilitation 

landscape was explored using the Vancouver CAC model. Although the analysis was tentative and used generic 
costings, the test did reveal a way in which a funding stream could be developed to pay for remediation 

measures.   
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6.11 Post Design 

The last stage of the RbD methodology is a reflection on the design process and what new knowledge has 

emerged. This section begins with a summary of the first two stages of the RbD process. The section finishes 

with a discussion of the finding of the research process. 

6.11.1 Summary 

This chapter brings together the many disparate strands of the preceding chapters to demonstrate how a design 

process might be developed in which decisions about the design of the urban waterfront could be informed by a 
clear understanding of the issues around four specific environmental problems. This design process tries not 

only to identify these problems but to build methods that will put forward a range of measures that could help 

ameliorate the worst of the environmental effects. 

Using the research methodology, research by design, the study began with investigating a case study site, the 

Wynyard Quarter and, in particular, the current development master plan REF. The urban form, the expected 

real estate returns, and the current development of the project were discussed. The utility of working with a real-

life case study was demonstrated in the first section, which showed that the relevant authorities were well aware 
of the serious environmental issues facing the development of the WQ. This section explored the kinds of 

responses developed by the relevant authorities via a study of reports and built practice.  The conclusion was 

that while the authorities were well aware of the environmental issues, the necessary responses to these 

problems, large-scale remediation measures, were not achievable due to the adherence of the authorities to the 

existing waterfront development plan.  

The development of a design method that responded to these identified environmental problems was developed. 

Using the RbD methodology a three-stage process was established.  The predesign phase used the concept of 

the hydrological catchment drawn from LIUDD to frame the WQ within the Freemans Bay catchment. The major 
environmental features of the catchment were described using GIS mapping. The environmental problems of the 

catchment were mapped, in particular, the production of stormwater within highly urbanised catchments with one 

discharge point on the edge of the WQ development. The WQ sub-catchment was then subject to closer scrutiny 

with GIS mapping and analysis, especially in terms of pluvial flooding and the effect of sea-level rise. 

The design phase of this study used five LIUDD goals to frame the four identified problems – maritime flooding, 

pluvial flooding, the discharge of contaminated stormwater, and the loss of biodiversity – and find the appropriate 

remediatory practices. Using GIS mapping, the parts of the WQ site that are critical for the amelioration of the 
identified hydrological issues, pluvial and maritime flooding, were identified and reserved. The remaining sites 

were allocated to the building programme as specified in the WQ master plan.  A series of further design 

iterations were carried out where the allocated building zones were reallocated for environmental remediation 

purposes, in particular, the creation of a biodiversity zone and a stormwater treatment pond/wetland for the 

remediation of the Freemans Bay catchment stormwater.  The essentially fungible character of the building 

zones was further explored through experiments with architectural types, the mega block and the tower block.  A 

closer study of how the remediation landscape could be funded through a modification of the building 

programme was explored in the last section.  
The methodology for this study is Research by Design, an inductive methodology. The predesign phase drew on 

known LIUDD methods and techniques to both analyse the problem and illustrate a range of amelioration 

methods using GIS software. The second part of the study, the design stage, drew on LIUDD goals to corral a 

disparate range of techniques to help make an inductive leap towards a new design process to allow for a 

waterfront development that remediates the necessary environmental problems while, at the same time, 
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ensuring the expected financial returns. This stage relied heavily on the iterative design technique, in particular, 

the way in which the individual design consciously reflects on what is revealed in each design iteration. 

 

The amelioration of environmental problems can be approached in a systematic manner by locating them within 

a catchment system. The location and extent of each environmental problem can be measured, as can specific 

remediation techniques. The spatial implications of the location and remediation of the problems can be given 

measurable form through the use of GIS mapping. The location and types of remediation can be manipulated 
and combined in a site through an iterative / reflective process. The prescribed urban form can be shorn of its 

architectural and traditional urban qualities and reduced to a simple GFA formula which can be given a building 

form via a reconfigured FAR. This particular design operation can also be subject to the iteration / reflection 

procedure in dialogue through experimentation with the placements and combinations of the remediatory 

measures.  The financial implications of the building programme can be used to help pay for the remediatory 

measures.   

 
6.11.2 Discussion 

Some issues with the possible future urban form were revealed in the iterative process.  In certain iterations, 

such as where each remediatory measure is treated as a standalone solution, i.e., a remediatory wetland next to 

an ecopatch, next to a coastal flooding buffer, next to a conveyance channel, the space for the expected building 

programme can become diminished.  One of the urban design iterations models a group of 15 X 50-storey 

towers in a Hong Kong-like proximity (see fig 75 , 77).  However, further design iterations could remodel this 

particular outcome by combining remediatory functions together, for example, the remediatory wetland and the 

ecopatch could share similar functions, likewise the coastal flooding barrier could combine with the end of a 
conveyance path. 

Another problem might be that the detail and materiality of both the remediation zones and buildings are left 

unexplored. These are the traditional preserves of the designer, a realm in which personal expression is valued. 

Looking at the definition of the design process we can see that they occupy a huge range of positions, from the 

broad conceptual gesture to the construction detail. Each design stage has advantages and disadvantages for 

the research process, each procedure has the ability to inform and elucidate a different part of a research 

problem.  
This thesis positions the design process to be used between the big conceptual gesture and the ‘hand of the 

master’. More specifically, the process is located between the diagram, a scaleless conceptualisation of the 

principal elements of the design problem, and the map. Maps are able to give a spatial reality to the diagram. 

They show in a scalable way the spatial relativity of the design speculation, yet still allow for openness of 

interpretation. Maps also forestall the more traditional design skills, the deliberate ‘hand of the master’.  

The advantage of this process is that the design work can provide an allocation map which other building 

professionals – urbanists, planners, architects, landscape architects – can follow and detail. The process also 

allows other stakeholders – local government, central government departments and development agencies – to 
understand the consequences of building a remediation landscape for a waterfront development site. 

 

The next chapter investigates the applicability of the design process developed in the WQ and WP for other 

urban development projects. 
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Chapter Seven  
Case Study Discussion  
 
7.1 Introduction  

Is the design process as developed and tested on the Wynyard Quarter applicable for other waterfront/urban 

developments? 
To discuss this question, two greenfield waterfront/waterfront developments, one in New Zealand and the other 

in the People’s Republic of China (PRC), will be discussed. These developments are real projects in which the 

author has undertaken analysis and design.  

 

The first project is a proposal for a new structure plan for Whenuapai, located in Auckland, NZ.   

The second project is a design proposal for the Furong waterfront development in Guangdong, PRC. While the 

analysis and design work are not as immersive as the Wynyard Quarter study and have a much more limited 
goal, the two studies do demonstrate the applicability of the design method developed in the thesis, both in 

dealing with the environmental problems occasioned by waterfront and urban development and in the way in 

which these problems can be ameliorated through the use of LIUDD goals and techniques.  

  

Both projects share a common analysis, the identification of what environmental problems are likely to be 

engendered with new waterfront/urban development. In these two studies, the main environmental problem was 

identified as being the production and entry of contaminated stormwater into the existing hydrological system 

and thence into the receiving environment.   
A number of LIUDD goals were identified to address this environmental problem.  

 

The first goal was to increase the area of pervious surfaces. This goal will help decrease the amount of 

stormwater that will flow into the existing hydrological system. The rational method was used as a technique to 

understand the impact that the ratio of impervious to pervious surface within the catchment, before and after the 

development, would have on the production of stormwater.   

 
The second goal was protecting the existing hydrological network from the entry of contaminated stormwater. 

The technique was to buffer the existing stream systems. This operation was carried out using GIS mapping and 

analysis to identify the existing hydrological network, the streams and overland flow paths, then, using the 

buffering function in ArcGIS to make protection zones around each OLFP and stream. The effect of this 

operation was to also increase the amount of pervious surface.  

 

The third was to cluster the urban form. By acknowledging and buffering the existing hydrological system, the 

loss of development GFA was inevitable. Clustering the development GFA into a new urban form was a way of 
ensuring that the projected real estate programme didn’t make a financial loss.  

The suggested solution for the Whenuapai case study was to assemble the ‘missing’ GFA into apartment blocks 

at the intersection of the stream system with the littoral. In the case of the Furong waterfront, the waterfront 

building programme was clustered to form ’islands’ within a new hydrological remediation landscape.  
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7.2 Whenuapai 

7.2.1 Introduction 

Whenuapai is a new urban district planned to the west of Auckland City, New Zealand (fig.1). 

 

7.2.2 Whenuapai Site Analysis 

Whenuapai (fig.2) is located on the southern side of the upper Waitamata Harbour, with Brigham’s Creek 
forming a boundary to the west and State Highways 16 and 18 forming the southern and eastern edges of the 

site. The greater part of the site is a moderately flat plateau approximately 25m above sea level. An airfield, the 

Whenuapai Aerodrome, dominates this plateau.  

Whenuapai can be divided into four major catchments (fig.3). These catchments are bisected by several 

streams: the Brigham, Rarawara and Waiarohei Creeks. Ten watercourses discharge into the harbour. The 

average annual rainfall in Whenuapai is 1333.5mm, and the average monthly rainfall is 111.1mm. The average 

rainfall in January, the driest month, is 79.3mm. The wettest month is June, with an average rainfall of 147.8mm.  
The aspect of Whenuapai is mostly northerly with an east-west division along the sides of the stream corridors 

(fig. 4). The slope of the majority of the site is flat (0-5 degrees), however, alongside some of the stream 

corridors the slope increases from 5 to 16 degrees (fig.5).  

The site was originally clad in New Zealand native coastal forest. The typical vegetation of the coastal edge of 

the Whenuapai catchment is characterised as belonging to the Kowhai-Kotare Harbour Coastline Ecosystem 

(Lucas & Head, 1997). The dominant tree species are pohutukawa, kōwhai, kohekohe, pūriri, kauri, karaka and 

tītoki. Shrub species include karo, astelia, whārangi and ngaio. 

 
Auckland is undergoing rapid urban growth. More than one million new citizens are expected to arrive in 

Auckland over the next 20 years. As a consequence of this growth there is an acute housing shortage. 

Whenuapai is located adjacent to SH16, an important motorway in the western growth corridor and near the new 

NorthWest Shopping Centre. Whenuapai also neighbours the successful Hobsonville housing development, 

making Whenuapai the next site for future urban development. To address the urban pressure Auckland is 

facing, the Auckland Council, in 2016, developed an urban structure plan for Whenuapai to help conceptualise 

the shape of future urban development. The structure plan efficiently zones the available land according to 
proximity to infrastructure; industrial land and an apartment zone are located adjacent to the main transport 

routes, SH16 and 18. Lower density housing zones are located nearer to the edge of the Waitematā Harbour. 

Single-storey housing with large sites are zoned for the coastal margin, while more intensive housing (medium 

density) is zoned between the coastal edge and the industrial zone (fig. 6). 

To explore how the structure plan might be made more responsive to the environmental issues that will be 

occasioned by the future urban development, a sub-catchment of the larger Whenuapai catchment was chosen 

as a case study site. The selected site was the Rarawara sub-catchment, both to understand the consequences 

of the proposed urban development and what LIUDD techniques might be applied to remediate the impact on 
the environment. 

 

7.2.3 Rarawara Catchment Site Analysis.   

The 324ha Rarawara catchment is a moderately flat site bounded to the north by the Waitematā Harbour (fig.7). 

To the west the site is defined by the Brigham Creek/Pitoitoi Stream catchment, to the east by Whenuapai village 

and airfield and, to the south, by the intersection of SHW16 and 18 (fig.8). 
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Vegetation 

The predominant vegetation in the catchment is grass, the result of the rural economy of the catchment. The 

other vegetation type are decorative gardens around the housing areas, and shelterbelt species from the small 

horticulture and orchard blocks.  

 

Hydrology 
The catchment drains into the dominant stream, the Rarawara Creek (fig. 9). The creek runs roughly north-south 

and bisects the catchment. There are three sub-catchments. The stream exits into an estuarine mouth before 

connecting to the Waitematā Harbour. There are smaller streams from the hinterland to the coast on either side 

of the Rarawara catchment.  

 

Aspect and Slope 

The aspect of the Rarawara catchment is mostly northerly with an east-west division along the sides of the 
stream corridors.  The slope of the majority of the site is flat, 0 to 5 degrees, especially the aerodrome site. 

However, alongside the steam corridors the slope increases from 5 to 16 degrees. 

 

Land Use 

The land of the catchment is separated into two broad uses. The first is suburban housing, large lifestyle houses 

and sections on the northern coastal edge, and a smaller subdivision to the west of the airfield. The rest of the 

catchment is made up of rural lifestyle blocks, and small horticulture and orchard blocks.  

Pervious/Impervious Ratio 
Due to its mostly rural nature, the catchment is largely made up of pervious surfaces (fig.10). The impervious 

areas are the roading infrastructure and the airfield (fig.11). 

• The existing Rarawara catchment area is 324.1753ha.  

• The impervious surface area is made up of roads (81.8428ha) and buildings (20.1004ha).  

• The total impervious surface area is 104.1488ha.  

• The total pervious surface area is 220.0265ha.  

• Giving a ratio of pervious to impervious of 2:11. 

 

7.2.4 Auckland City Structure Plan  

The effect of the Auckland Council’s Whenuapai structure plan on the Rarawara catchment is to configure the 

catchment into four housing zones and an industrial zone (Auckland Council, 2016). The area closest to the 

coast is zoned for low-density, single-storey housing, along an approximately 100ha coastal margin. Allowing for 

one dwelling unit (DU) per 500m2 gives 2008 DUs, and 50ha of impervious surfaces. A medium-density housing 
zone of 82ha is planned behind the coastal zone. Allowing for one DU per 300m2 equals 2743 DU, giving 61ha 

of impervious surface. The remaining area is zoned industrial/commercial with two apartment zones to the east 

of the airfield zone. Three parks are proposed of approximately 35ha in total. Roads, proposed and existing 

housing make up 212ha of impervious surface. 

 

7.2.5 Rarawara Catchment: Environmental Problems 

With the construction of the new housing and the associated infrastructure, the hydrological pattern of the 
existing territory will be irrevocably changed; increased run-off with increased sedimentation will add to already 
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high levels of sedimentation in the upper Waitematā Harbour. Run-off will also be polluted from roading 

contaminants and roof debris.  

 

Pervious/Impervious Ratio 

In the Auckland Council structure plan the impervious surface in the Rarawara catchment will increase markedly.  

 

• The existing Rarawara catchment area is 324.1753ha.  

• The impervious surface area is made up of road, (81.8428ha), and buildings (206.9095ha).  

• The total impervious surface area is 288.7523ha.  

• The total pervious surface area is 35.423ha  

• Giving a ratio of pervious to impervious of 8:1 (fig. 21).  

If this plan was built then the result of this high degree of imperviousness would be a large amount of 
contaminated stormwater run-off discharging into the harbour. 

 

To calculate the volume of stormwater that would be discharged from the catchment under the new structure 

plan, the Rational Method can be used. (Thompson, 2007) To calculate the required volume for the construction 

of a storage and treatment wetland, TP10 (Auckland Council, 2003) is used. 

 

• The run-off discharge flow rate over two years (m3/sec) would be 5.95 m3/sec.  

• The required storage and treatment wetland for this run-off is sized at 32140.04m3.  

• For a 10-year run-off discharge flow rate of 8.71 m3/sec.  

• The required storage volume is 47019.68m3.  

• For a 100-year run-off discharge flow rate of 13.95 m3/sec, the required storage volume is 75350.53m3. 

7.2.6 Rarawara Catchment: Environmental Remediation: Design Process 

To ameliorate the effects of urbanisation on the coastal receiving environment, an understanding of the 
hydrological behaviour of the catchment is necessary. The first step is to determine the structure and shape and 

size of the catchment on the site, through mapping with ArcGIS. This data can be manifested as a series of 

maps showing catchment boundaries and a network of overland flow paths. From this mapping we can 

determine both the size of the catchment and the ratio of impervious to pervious surface. Using the Rational 

Method we can gain an understanding of what the rainfall run-off will be with the expanded site. By measuring 

the increase in impervious surface due to the number and type of housing zones, the increase in stormwater 

run-off can be calculated. Once the connection of housing density to the impervious/pervious surface ratio is 

established, the different zoning densities and associated impervious/pervious ratios can be manipulated to 
allow for greater permeability, while at the same time ensuring that the planned number of dwelling units remains 

the same.  

 

Hydrology 

How can the environmental damage from an increase in stormwater discharge into the upper Waitematā 

catchment be ameliorated? Decreasing the amount of impervious surface through the removal of infrastructure 

such as roads and housing will lead to an increase in the amount of pervious surface, leading to an increase in 
the absorption of stormwater run-off.  
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One way to increase the pervious surface of the catchment is by protecting and enhancing the existing stream 

network by establishing a protective buffer zone of at least 25m around the stream and overland flow paths 

(fig.12). Protection of the coastal edge is another important environmental measure; a buffer of 30m would give 

a zone of 43ha. These two measures increase the area of pervious surfaces within the catchment by 128ha. 

This intervention also has the effect of developing a new park system along the stream corridors and the 

waterfront coastal edge (fig. 13).  

 
Accommodating these two measures necessitates a change in the housing footprint. This is accomplished by 

decreasing the low-density zone from 100ha to 23ha, and decreasing the medium-density zone slightly, from 

82ha to 74ha.  

 

7.2.7 Rarawara Catchment: Urban Design.  

To accomplish the increase in pervious surfaces and the consequent decrease in stormwater discharge means a 

loss of housing units. Under the Auckland Council structure plan, the number of low-density DUs in the 
catchment is 2008 and medium-density is 2743, equalling 4752 DUs (with no provision for high-density units). By 

enlarging the pervious surface area, the number of DUs in the low-density zone will drop to 473 DUs and in the 

medium density zone to 2471 DUs. The shortfall in DUs will be 1827. 

 

One solution to this real estate shortfall is to substitute apartments for the missing lower-density DUs. This 

solution will increase the number of DUs to 1468, making a total of 4420. By increasing the number of 

apartments by making the building denser or higher, the shortfall of 1827 DUs could be matched or even 

surpassed to give a better real estate return (fig. 14). 
 

The new apartments could be located in the coastal zone around the existing stream mouth, where an area of 

8.8ha would provide two high-density apartment zones within the low-density area. 

 

Pervious/Impervious Ratio 

• The Rarawara catchment area (324.1753ha).  

• Impervious surface of 196.1642ha, roads, (65.9289ha), and buildings, (130.2353ha). 

• Pervious surface, 128.001ha.  

• Giving a ratio of pervious to impervious of 2:3. 

Plan Two-year run-off Ten-year run-off One hundred years 

    

Present catchment 26468.26489m3 47019.68221m3 62053.37659m3 

Auckland City 

Structure plan 

32140.03594m3 38722.09123m3 75350.52871m3 

New plan 29304.15042m3 42870.88672m3 68701.95265m3 

 

Using the Rational Method, the effect of the new pervious surfaces will lead to a two-year run-off discharge flow 

rate of 29304.15042m3, compared to the discharge of 26468.26489m3 from the original site and 32140.03594m3 

discharge with the proposed Auckland Council structure plan.  
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In the 10-year run-off discharge, the flow rate of the new plan is 42870.88672m3, compared to the discharge of 

38722.09123m3 from the original site and 47019.68221m3 from the proposed Auckland Council plan.  

In the 100-year run-off discharge, the flow rate of the new plan is 68701.95265m3 compared to 62053.37659m3 

in the original site and 75350.52871m3 in the Auckland Council proposed plan.  

 

7.2.8 Rarawara Catchment: Environmental Implications of the Design Process 

Stream Network  
A buffer zone around the revealed hydrological network will enable the stream corridors to be revegetated with 

native species. The zone also gives the opportunity to allow for the location of structural stormwater cleaning 

instruments – in particular, wetlands and a rain garden – these can all be installed within the new zone. This 

stream zone can form a deep connection from the coastal edge to the hinterland, creating an ecological corridor 

(fig.15).  

Having housing adjacent to the new river zone will also help to increase real estate values. By locating medium-

density housing along the edges of the new stream parks, owners can enjoy views of the water and native 
vegetation. The nature of the new river zones and the link from the coast to the hinterland provide the 

opportunity for owners in the centre of the development to have access to the coast.  

 

Coastal Zone 

Establishing a coastal buffer zone means that the critical environmental conditions in this zone will be protected. 

Critical riparian ecologies can be restored and protected, and damage from building in this zone can be 

ameliorated.  

 
Establishing a protective buffer zone around the coastal and stream hydrological networks will increase the 

ability of the Rarawara catchment to absorb rainfall, rather than add to run-off into the upper Waitematā Harbour. 

To ensure the same economic return is met – that the same number of DUs are constructed as specified in the 

Auckland Council structure plan – the loss of low- and medium-density housing is met by a greater number of 

apartments with a smaller, denser footprint. The result will be a low-rise domestic landscape of gardens and 

houses broken by tall, prismatic apartment towers that emphasise the unique stream system.  

 
One criticism of this urban design proposal might be that building apartments in the coastal zone is an urban 

typology that is hostile to the Auckland suburban ethos. However, there are many existing examples of 

residential apartments in Auckland coastal suburbs such as Kohimarama, Herne Bay and Takapuna. These 

examples demonstrate the possibility of coexistence between low-density, two-storey, single housing on the 

coastal edge with apartment dwelling. A new 14-storey apartment building has also been recently proposed for 

the neighbouring suburb, Hobsonville Point (Gibson, 2018b).  

 

7.2.9. Whenuapai Catchment: Environmental Implications of the Rarawara Case Study Investigation 
The new structure plan (fig.16) shows how the coastline and stream corridors are protected through buffering. 

There are three consequences of this action; the first is that the vegetative buffers have the effect of protecting 

the hydrological network by protecting the streams from the influx of contaminated stormwater. The second 

effect is that the ratio of impervious to pervious surface is relaxed, ensuring that more rainfall is able to be 

absorbed by uncovered ground. A social consequence of this new green network is the establishment of a new 

path/park system that links the hinterland of the subdivision with the coast. The third consequence of this action 
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is the clustering of the GFA that has been displaced by the new stream/buffer stream network into a series of 

apartment towers located at the intersection of the stream networks and the coast, (see fig. 17,18,19). 
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Figure 1: Whenuapai. Location Plan. (Kevin Zhu)   
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Whenuapai Aerial Plan (Google Maps) 
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Figure 3: Whenuapai Stream Network. (Kevin Zhu)   

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 
Figure 4: Whenuapai Aspect Map. (Kevin Zhu)   
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Figure 5: Whenuapai Slope Map. (Kevin Zhu)  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Whenuapai Structure Plan (Auckland Council, 2016) 
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Figure 7: Rarawara Catchment, Aerial. (Kevin Zhu)   

 
Figure 8: Rarawara Catchment, Contours. (Kevin Zhu)   
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Figure 9: Rarawara Catchment, Streams. (Kevin Zhu)   

 

 
Figure 10: Rarawara Catchment, Pervious Map.    (Figure 11: Rarawara Catchment, Impervious Map. (Kevin Zhu)   
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Figure 12: Rarawara Catchment Design, Buffer Stream Network.  Figure 13: Rarawara Catchment Design, Buffer Coast. (Kevin Zhu) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Rarawara Catchment Design, New Structure Plan. (Kevin Zhu) Figure 15: Rarawara Catchment Design, New Land Use Plan. 

(Kevin Zhu 
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Figure 16: Whenuapai Catchment Design, New Structure Plan. (Kevin Zhu)  

 
Figure 17: Whenuapai Catchment Design, New Structure Plan. Perspective. (Kevin Zhu) 
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Figure 18: Whenuapai Catchment Design, New Structure Plan. Perspective. (Kevin Zhu)

 

 
Figure 19: Whenuapai Catchment Design, New Structure Plan. Perspective. (Kevin Zhu) 
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7.3 Furong New Town, Shaoguan, PRC 

Introduction  

Furong New Town is a new city to be constructed adjacent to Shaoguan in northern Guangdong Province, 

People’s Republic of China (PRC). 

 

7.3.1 Shaoguan Site Analysis  

Shaoguan is a prefecture-level city located in the north of Guangdong province in the upper reaches of Beijiang 
River Basin. The city lies to the south of the Nanling Mountains, which form a boundary between southern and 

central China. The city of Shaoguan is located in an important pass linking Hunan in the north with Guangzhou 

in the south.   

The major rivers in the Shaoguan region are the Zhenjiang, the Wujiang, the Mojiang, the Jinjiang, the Nanhuaxi, 

the Nanshui, the Wengjiang, the Beijiang and Xinfeng Jiang. Shouguang City is located on the confluence of two 

rivers, the Zhen River from the northeast and the Wu River from the northwest. The two rivers connect, 

becoming the North River, or Beijiang, linking Shaoguan to Guangzhou. There are five major catchments in the 
region. The average annual rainfall in Shaoguan is 160.4 days, and 1583.5mm. The average rainfall over 

100mm is in the months of February to August; the month with maximum rainfall is May (253.2mm), the second 

heaviest rainfall is in April (230.3mm).  

Shaoguan is located in the southern foothills of Nanling Mountains, which run in an east-west direction. 

Shikengkong is the highest point of Guangdong Province, at 1902m. The lowest point is Shaoguan City, at 35m. 

The rapid growth of Shaoguan is constrained by its location on the confluence of the two rivers and by the 

topography of the surrounding hills. To address these issues, a new city is being built in a 2500ha valley to the 

south of the existing city. A new high-speed rail station is located in the valley, as is the new Jingzhu expressway 
from Beijing to Zhuhai. This new city, Furong New Town, will help link Shaoguan with the rest of China.  

 

7.3.2 Furong New Town: Site Analysis  

The site of the new city (fig. 20) is a large valley orientated north to south adjacent to the old city of Shaoguan, 

northern Guangdong Province. The catchment area is approximately 2086.69ha, surrounded on three sides by 

hills, including the Furongshan National Mining Park. The southern boundary of the valley is demarcated by the 

Beijiang River and the large island of Chetouzhou.  
Vegetation 

The existing landscape can be divided into two types: productive agricultural land, mostly paddy fields and 

fishponds, and remnant native vegetation. The surrounding hills are not cultivated and are colonised by 

broadleaf rainforest species, plus exotic species such as pine and eucalyptus. 

Hydrology 

The city site occupies two catchment systems (fig.21). The major catchment system occupies about two-thirds of 

the city site, from the surrounding hills to the river. The other catchment system is on the western edge of the city 

plan and encompasses the discharge point of the neighbouring catchment. Each catchment has a major stream 
system, with associated overland flow path networks. The north-east system is the most fully developed with an 

extensive network stretching deep into the catchment. The two catchments discharge into the Beijiang, and the 

outlets are located close to one another.  

The existing hydrological system retains the natural hydrological pattern in the surrounding hills, but has been 

completely modified in the valley by manmade interventions – agricultural fishponds and paddy fields. Recent 
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flood control along the Beijiang includes a concrete flood protection wall along the river and a large dam located 

upstream of the site.  

Aspect and Slope 

The aspect of the site is north-south, aligning with the surrounding hills (fig.23). The slope of the site is mostly 0 

to 5 degrees, with higher elevation in the hills (fig.22). 

Pervious/Impervious Ratio 

The Furong catchment covers an area of 2086.69ha, of which the vast majority is pervious surface. The small 
amount of impervious surface is made up of buildings, roads and farm infrastructure.  

 

7.3.3 Furong New Town Master Plan 

The new city master plan occupies 1654ha of the 2086.69ha catchment. Buildings and infrastructure occupy 

565ha of the site, while the remaining parks and reserves occupy 1089ha (fig. 24).  

The new city plan is laid out in a grid pattern aligned to the cardinal points of the compass. The new freeway 

infrastructure forms a rough cross-shape within the urban plan. The northern arm of the cross, Shaoguan 
Avenue, runs along the western side of the city to Shaoguan. The eastern arm, Baiwang Road, runs west to east 

through a tunnel on the eastern edge of the catchment hills to a new administration district to be built on the 

bend of the Beijiang River. A railway station for the high-speed train has been built on the western side of the 

city adjacent to Shaoguan Avenue.  

The zoning pattern of the new city is broadly determined by the new road infrastructure. To the south of the new 

freeway, the city is zoned for government, cultural and commercial use. The area north of the new freeway is 

mostly designated for residential use, with a thin corridor for commercial use running north-south. Public space 

and parks are allocated to blocks within the new city grid. The existing stream network is channelled into a 
single, central water stream that runs down the centre of the valley (fig.25). 

 

7.3.4 Furong Waterfront  

The river edge of the new city is zoned as a public space. The waterfront is approximately 2km long and 500m 

wide, occupying a broad concave bend in the river, encompassing two stream outlets from the larger catchment. 

The proposed waterfront architectural/urban programme is for the construction of four building groups, running 

west to east: an open-air shopping mall, a convention centre, the preservation and restoration of an existing 
village and a resort/hotel. The remainder of the site is zoned as a public park. 

 

7.3.5  Furong New Town: Environmental Problems  

With the building of the new city, a quarter of the catchment will be rendered as an impervious surface. Two 

negative hydrological outcomes will result: the production of contaminated rainfall run-off that will discharge into 

the Beijiang, and an increase in the likelihood of urban flooding.  

 

Pervious/Impervious Ratio 

• The existing Furong catchment covers an area of 2086.69ha.  

• The impervious surfaces are made up of buildings, (1330.14ha), and roads, (395.43ha) (fig 28).  

• The total impervious surface area of the new city master plan is 1725.84ha (82 percent).  

• The pervious surface area is made up of parks, (318.88ha) and water, (41.97ha).  

• The total pervious surface area is 361ha, (18 percent). 
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The impervious surfaces in the proposed Furong catchment master plan will increase markedly. The result of 

this high degree of imperviousness is that a large amount of contaminated stormwater run-off will discharge into 

the Beijiang River. 

Using the Rational Method, the two-year run-off discharge flow rate (m3/sec) will be 678084.8611m3/hr.  

 

7.3.6 Furong New Town: Environmental Remediation: Design Process 

To help lessen the effects that the new master plan will have on the existing hydrological pattern, an analysis of 
the hydrological structure of the Furong catchment is necessary. The first step in this analysis is to use GIS 

software to map the shape, size and use of the catchment. The mapping will show the catchment boundaries of 

Furong New Town and the associated network of overland flow paths. Using this analysis enables the designer 

to understand the ratio of impervious to pervious surface. Using the Rational Method, an understanding of the 

rainfall run-off under different conditions can be modelled. Through a series of iterations, such as increasing and 

decreasing the amount of impervious surface due to the position of the building zones, the increase and 

decrease in stormwater run-off can be measured.  
Hydrology 

Increasing the amount of permeable surface in the new city plan is an important way of reducing the increased 

amount of stormwater discharging into the river. Recognising the existing hydrological pattern of the catchment 

through mapping the existing streams and overland flow paths is the first step in reorganising the existing urban 

plan to become more responsive to the environmental issues exacerbated by the proposed plan. By buffering 

the stream system, the amount of pervious surface in the city can be increased (fig. 26). This action can be 

modelled using GIS mapping. The result is a proposed amendment to the urban master plan, removing buildings 

around the hydrological network. The ‘missing buildings’ will be reallocated as an increase in the FAR of the 
remaining building master plan. However, having housing adjacent to the new stream and park corridor will also 

help to increase the amenity value of the surrounding residential zone, whose residents can enjoy views of the 

water and native vegetation. The new stream corridor links the river to the hinterland, giving citizens the 

opportunity to walk and cycle along the corridor to the park space in the surrounding hills or the new riverside 

development (fig. 27). 

 

Pervious/Impervious Ratio 

• The Furong catchment covers an area of 2086.69ha. 

• The impervious surfaces are made up of buildings, (975.81ha), and roads, (395.43ha).  

•  The total impervious surfaces is 1371.24ha (66 percent).  

• The pervious surfaces are made up of parks, (672.78ha), and water( 62.77ha).  

The result of this increase in perviousness is a reduction in the amount of contaminated stormwater run-off 

discharging into the Beijiang River. 

Using the Rational Method, the two-year run-off discharge flow rate (m3/sec) will be 615370.8131m3/hr. 
 

7.3.7 Furong New Town: Environmental Implications of the Design Process 

Stream Network  

The buffer zone can also have other uses, such as allowing for the location of structural stormwater cleaning 

measures, in particular, wetlands and rain gardens, which can all be installed within the new stream buffer zone. 

This stream zone can form a deep connection from the river’s edge to the surrounding hills. This new linear park 

could be planted with native species, forming an ecological corridor from the river to the hills (fig. 29,30). 
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7.3.8 Furong New Town: Waterfront  

By situating structural water-cleaning devices in the public space of the new waterfront, stormwater can be 

cleaned before being discharged into the Beijiang River. Devices could include a swale, located at the junction of 

the city grid and the waterfront site, to accept, attenuate and treat contaminated stormwater from overland flows 

from the city. A constructed wetland, occupying most of the public space of the waterfront site, could take 

stormwater from the two existing streams and the new piped infrastructure, and subject the contaminated water 
to cleaning before discharge into the river. 

The public space of the waterfront would then become a shifting temporal landscape that displayed various 

hydrological conditions according to the seasons: a dry landscape in winter, a wet landscape in summer. The 

building programme would be aligned with the new, environmentally driven process. Each building group – the 

mall, convention centre, hotel and village – could be treated as a self-contained entity. This hermetic quality is 

emphasised topographically by locating each building group on one of a set of ‘islands’, surrounded by different 

water conditions according to the seasons  
 

By locating and establishing the existing hydrological network as a new park zone, the threat of urban flooding 

posed by the intensification of impervious surfaces within the Furong catchment is lessened. The removal of 

buildings located in the new park can be remediated by simply intensifying areas of the master plan that are 

outside the stream and overland flow path network.  
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Figure 20: Furong New Town, Elevation Map. (Kevin Zhu)  

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Furong New Town, Catchment and Stream Network Plan. (Kevin Zhu)   
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Figure 22: Furong New Town, Slope Map (Kevin Zhu) 
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Figure 23: Furong New Town, Aspect Map (Kevin Zhu) 
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Figure 24: Furong New Town Master Plan (Kevin Zhu) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 25: Furong New Town Master Plan Perspective (Kevin Zhu) 
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Figure 26: Furong New Town, Buffer Stream Network (Kevin Zhu) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 27: Furong New Town, Buffer Stream Network and Master Plan (Kevin Zhu) 
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Figure 28: Furong New Town, Impervious Surfaces (Kevin Zhu) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 29: Furong New Town, Stream and River Buffer Zones (Kevin Zhu) 
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Figure 30: Furong New Town, New Master Plan (Kevin Zhu) 
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7.4. Case Studies: Summary and Discussion 

Summary 

These two projects demonstrate how an LIUDD approach to two proposed greenfield urban developments, one 

in New Zealand, the other in PR China, can result in reducing the amount of contaminated stormwater entering 

the receiving environment. 

The first LIUDD goal, that of placing the proposed urban development within the larger context, is carried out by 

mapping the hydrological catchment. The existing rainfall run-off can then be measured via the rational method. 
By then placing the urban development within the catchment, the implications of the increase in the volume of 

stormwater through an increase in impervious surfaces can be measured.  

LIUDD goals can then be deployed to help alleviate these problems, especially identifying and protecting the 

existing hydrological networks.   

The first part of the design process is to map the existing hydrological system using GIS. The second part is to 

protect the networks by establishing a planted buffer zone along the streams/river corridors. This stage also has 

the effect of following another LIUDD goal, that of increasing the pervious surfaces. A recalculation of the 
amount of stormwater run-off using the rational method shows a decrease in the volume of stormwater 

discharge.  

 

Discussion 

However, the increase in pervious surfaces is accomplished at the expense of the building programme. This can 

be rebalanced through the adoption of the last LIUDD goal, the clustering of buildings. In the Rarawara case 

study, the housing GFA that is lost to allow for the buffered stream system / increase in pervious surface is 

reconfigured as apartments. In this design iteration the apartments are provisionally placed at the intersection of 
the stream corridors and the Waitemata Harbour.  

In the Furong case study, the identification, mapping and buffering of the catchment’s hydrological system leads 

to the suggested creation of a new park network. The four prescribed development zones are clustered as 

‘islands’, while the rest of the site is transformed into a remediation wetland to clean the water from the 

urbanised catchment and act as a detention zone in the case of pluvial flooding. 

Both these projects are obviously greenfield studies in contrast to the WQ brownfield site investigation. Because 

of this the LIUDD goals (which were originally developed for greenfield site development) are easier to articulate 
and to model.  In addition, the environmental problems addressed in these two case studies are limited to 

stormwater mitigation and treatment, and the retention and detention of pluvial flooding.    

However, the New Zealand example does demonstrate how a conventional suburban master plan can respond 

to the exergies of environmental problems caused by urbanisation, while at the same time maintaining and 

enhancing the traditional suburban connections to nature.   

The PRC example demonstrates in a similar way how the conventional Chinese master plan can be made 

responsive to the inevitable consequences of contaminated stormwater discharge and the possibility of pluvial 

flooding as a consequence of the massive urbanisation of the catchment.  
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Chapter Eight  
Discussion  
 

8.1 Introduction 

This chapter discusses how the research question and the aim and objectives of the thesis were met. 

The research question is:  How can the contemporary waterfront master plan respond to underlying 

environmental problems? 
The typical urban waterfront master plan was explored with 12 examples of waterfront developments. The 

specific antecedents of the waterfront urban design model in NU theory and practice were uncovered. The real 

estate model that drives waterfront development was rigorously canvassed to demonstrate the antecedents in 

typical development practice, the ways these are modified in a waterfront development, and examples of how 

they are manifested in several American projects. 

The four environmental problems identified as posing difficulties in the development of the contemporary 

waterfront were discussed. These were the discharge of contaminated stormwater at the waterfront edge, 
flooding, both from the catchment and from the sea, and the lack of ecological biodiversity. The ways in which 

the current waterfront urban design model exacerbates these environmental problems through the adoption of a 

dense, impervious, urban pattern were explored.  

 
The aim of the thesis is to investigate whether it is possible to save the existing waterfront development model 

from the underlying environmental depredation that will be worsened by climate change.  

The research aim was accomplished by developing a design process whereby the serious environmental 

problems of the contemporary waterfront development might be addressed through the use of LIUDD design 
methods while still satisfying the real estate returns of a typical waterfront development. The design process, as 

demonstrated in the design scenarios in Chapter 6, demonstrated that both the mapping and analysis of specific 

environmental problems via GIS could be accomplished in such a way as to be easily intelligible to the 

layperson/stakeholder. The provision of specific landscape-based remediation measures such as wetlands, 

ecopatches, storm surge buffers and detention ponds were likewise easily modelled and presented in a clear 

and intelligible manner. The reallocation of the valuable development floor space of the typical waterfront 

programme was likewise investigated and presented as a scenario. An understanding of the economics of the 
new development was then modelled with a simple, financial feasibility spread sheet.  

The objectives of the thesis were all met.  

 

The first objective was to analyse the development typology of late 20th- and early 21s t-century urban waterfront 

master planning, especially the influence of New Urbanist thinking.  

Contemporary waterfront design practice was found to be wedded to the waterfront development mode as 

enunciated in the Baltimore waterfront development of the 1970s (Longo, 1979). This model can be described 

diagrammatically as a series of parallel zones that run adjacent to the water’s edge; the first development band 
contiguous to the water is a public zone, a promenade. Scattered along the length of this zone are public 

buildings/cultural buildings and/or public spaces with different activities such as playgrounds or programmed for 

different informal activities. Running parallel to this zone is a semi-public zone of retail, shops or bars, and 

restaurants, the so-called active edge. This zone helps to monetarise the public space, and public activities 

generally provided by local authorities or government departments (Hoyle, 2000) are drawn to a waterfront. 

Located above the ground floor is the private commercial or residential zone. As this zone often has the best 
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outlook to the water, this precinct is often the most commercially valuable. Behind the public/private promenade 

is the commercial programme of the waterfront development – the commercial offices and residential 

developments. This zone is conventionally configured into a gridded block urban plan. 

This urban form was influenced by the 1980s New Urbanism movement (Steeleville & Langdon, 2009). The 

traditional European/America 19th-century city was taken as an urban model, a gridded street plan, with generic 

building blocks filling the grid. At the street edge are shops, cafés and restaurants, while the buildings above can 

be filled with various functions. This urban typology has proved to be very popular on a number of levels, not the 
least as an easily understood financial model where the return on the building blocks can easily be measured, 

their function is interchangeable, and they can be manipulated.  

Examples of the latest waterfront developments in Europe and especially Scandinavia have shown some 

modifications of this model, notably in the building form and layout. The rectilinear block building determined by 

the grid street layout has given way to more free-form buildings, as in the Aalborg waterfront project by Moller 

(Møller, 2015) and the Aarhus project by BIG (Rosenfield, 2014). Both these projects feature stand-alone 

buildings surrounded by public space. In the BIG scheme, each building is designed as a sculptural object. In the 
Stavanger waterfront project (AART Architects + Kraftværk, 2015), the buildings are a linear sequence broken 

into individual sculptural elements with public spaces running between the blocks.  

However, while the shape and form of these buildings differ markedly from the more traditional waterfront 

building, the urban layout diagram remains substantially the same, with the same public promenade and active 

public edge of shops and cafés. The impetus for this new building form is hard to discern but the desire to 

maximise the real estate return of a valuable waterfront location should not be minimised.  

Contemporary examples of American waterfront developments are more conventional, for example, The Wharf 

(Bari, 2017), a new waterfront development in Washington. The project conforms more to the traditional 
waterfront development model with a promenade zone between a private marina and a programme of five- to 

eight-storey buildings. These are designed by different architects, though the overall form seems to be a similar 

block shape. The footprint is given by the client to maintain an efficient footplate, with the architects simply 

providing a different façade treatment.  

 

The second objective was to understand the real estate model that drives current waterfront development 

practice. The research found that the original Baltimore waterfront example also offers a successful financial 

model for urban development. Public space and amenities including public buildings are provided by local 

authorities/ratepayers/taxpayers, as are all infrastructure services. The private building programme, with an 

associated FAR, offers developers a knowable real estate structure on which to base an initial cost-benefit 

analysis. With the public infrastructure in place, developers can measure the success of a waterfront project by 

the number of people visiting and the amount of time they spend, to provide real-life statistical evidence of the 

success (or not) of the waterfront development before any financial commitment (Hersh, 2012).  
This model can also help in the preleasing of commercial space in a waterfront development, as a potential 

commercial client is attracted to what is seen as a desirable location for their office staff. Similarly, with 

residential accommodation, potential buyers are attracted by a waterfront’s public space, the vibe created by the 

public infrastructure, both ‘hard’ – the promenade spaces, parks, playground sculpture, public building; and ‘soft’ 

– the events: the social programming that ensures people are using the space (Gordon & David, 1997).  

The other financial advantage of the current waterfront planning model is the ability of the developer to 

incrementally build out the project. A developer can build one part of the master plan rather than all the buildings 
at once. This has a number of advantages, the most obvious being financial; by building and selling one part of a 
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project, the developer can amend the borrowing/financial regime, for example, to get more favourable financing 

to build the next part of the master plan (ULIASP, 2014).   

 

The Viaduct Harbour development, Auckland, New Zealand (Xiea & Gu, 2015), represents the first example of 

this development type in New Zealand. The master plan is delineated with a tight band of public space adjacent 

to the water’s edge. This littoral zone is bordered by a marina and four-storey apartment buildings. The buildings 

are raised half a storey above the public space. Any real engagement between buildings and public ground 
activities is difficult. Indeed, the only public space that was originally designed in this development, the 

Waitemata Plaza, was recently redesigned to transform the public square into a garden-like space, essentially 

privatising the public area for the benefit of the adjacent apartments. 

 

The third objective was to investigate the main environmental problems that are present on the typical waterfront 

site and that will be aggravated by climate change.  

This thesis argues that contemporary waterfront development around the world is faced with a number of 
environmental problems. The discharge of contaminated stormwater at the waterfront edge is one of the most 

important (Baya, Jones, Schiffa, & Washburn, 2003).  Flooding, both from the catchment and from the sea, is 

another important concern, and the lack of ecological biodiversity is another. All these conditions will be 

exacerbated by climate change. The increasing rainfall will cause more pluvial flooding and increase the 

discharge of contaminated stormwater. Rising sea levels and increased storm surges will cause problems for the 

edge of waterfront developments.  Increasing temperatures will increase the urban heat island effect.  

 

The fourth objective was to understand the approach and methods of LIUDD and the hinterland of theories and 

practices to develop the research design. Low Impact Urban Design and Development (LIUDD) is used as a 

defining theory and goal. LIUDD (van Roon & van Roon, 2009, appendix 1) was initially developed as an 

alternative to conventional suburban development. The environmental problems with the suburban development 

model are well known, in particular, the damage that unmediated stormwater discharge can make to a stream 

receiving environment (Walsh et al., 2016).  

LIUDD was developed as a theory and design methodology that addressed the environmental issues 

occasioned by subdivisions by placing the development site within the larger hydrological catchment. In this way, 
the impact of the development, both on the immediate and wider environments, and hydrological and ecological 

conditions, can both be measured and analysed.   

The amelioration of the environmental effects of urban development within a catchment led to the development 

of a number of LIUDD goals and techniques.  These include not building on overland flow paths, trying to ensure 

open, pervious ground for water infiltration, planting trees to increase evapotranspiration and shading, clustering 

buildings to reduce impervious surfaces, protecting the existing hydrological network by planting stream/river 

margins, and breaking up the journey of stormwater from the house roof to the receiving environment, streams, 

rivers and harbours with a series of small intervention devices such as green roofs, swales and rain gardens 
(Lewis et al., 2015). After establishing the characteristics of contemporary waterfront development and the 

associated environmental problems, this thesis investigated the aptitude of Low Impact Urban Design and 

Development, (LIUDD) to address these issues. In particular, it looked at how the insights, goals and techniques 

of LIUDD could be used to solve the environmental problems for a waterfront development on an inner-city 

brownfield site, with the sea as a receiving environment. 
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Seven LIUDD goals were identified in Chapter 4: reducing contaminants, maintaining hydrological neutrality, 

protecting riparian margins, increasing evapotranspiration, reducing impervious surfaces, restoring 

/enabling/protecting biodiversity, and deriving new urban form through clustering.  

The goals were then tested in a case study located on the Auckland waterfront, the Wynyard Quarter and 

Wynyard Point. Some of the goals were found to be useful and helped to form a design process that could be 

used to address specific environmental issues; others were found to be not applicable (that is, some of the 

LIUDD goals are difficult to use or not applicable for a brownfield site).  
Reducing impervious surfaces to increase water infiltration was found to be problematic. Waterfront development 

sites are often the result of reclamation and thus are highly compacted and often highly contaminated with 

industrial pollution. The possibility of stormwater absorption into the existing soil is contentious. The run-off has 

the potential to move existing contaminants in the soil into the groundwater (Minnesota Stormwater Manual, 

2017). In this situation, the option for treating the existing stormwater is a biofiltration and sedimentation system, 

i.e., a rain garden, with an impervious liner to prevent any reverse infiltration from the existing contaminants.  

The WQ is a highly contaminated site, the legacy of its history as a tank farm, a storage area for petroleum 
products and their subsequent leakage (Edmunds, 2015). The desirability of water infiltration into the 

contaminated soil is limited (Pitt, 1996).  

In a similar way, the possibility of the successful growth of trees and vegetation to aid in the transpiration of 

urban stormwater is often limited due to the poor growing conditions of urban soils, many of which are 

contaminated. While contaminated soils obviously make it difficult for plants to grow, contaminated soils can be 

remediated with measures that will help remove contaminants and at the same time help in the growing process. 

One long-term structural solution is phytoremediation. Phytoremediation is a process where a contaminated site 

is planted with certain species (El-Gendy, Svingos, Brice, Garretson, & Schnoor, 2009).  
Certain plant species can help remediate contaminated soils in a number of ways: for example, by ‘hypo 

accumulating’ the toxins in the ground by absorption through the roots, taking up contaminants in the soil. There 

are drawbacks to this procedure: the process takes a long time before the plants grow and start to take up the 

toxins, the plant’s health is dependent on just how toxic the ground conditions are, and the bioaccumulation of 

the toxins, especially metals in the plant’s structure, branches and leaves can prove a problem for safe disposal 

(Lone, He, & Stoffella, 2008). 

Alternatively, if phytoremediation is not an option, then the contaminated soil can be amended with organic 
compost to help with the growth of selected species (Taiwoa et al., 2016). This study shows that adding compost 

to badly contaminated soils can help in the bioremediation of the soil and create better growing conditions.  

Protecting an existing hydrological network by planting along the stream or river margin is another goal that is 

difficult to attain in an urban waterfront. In many brownfield sites, the existing stream networks are long gone, 

buried in a network of stormwater pipes, or more likely, there were never any natural stream systems as the 

typical waterfront site is often a reclamation.  

Therefore, the original notion of protecting an existing stream system from stormwater contamination via a 

planted buffer strip and thus both reducing the entry of contaminated stormwater and reducing the volume of 
water into a natural stream environment is not applicable for this brownfield site.  In addition, the receiving 

environment for a waterfront is the sea, and this environment is not hydrologically affected by more or less water 

from the catchment. The volume of water will not damage the ecology of the sea as it would a stream 

environment.  
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The WQ is an industrial reclamation begun in the 1930s (Panuku, 2017). As such, it has no native stream 

structure to be protected from the depredations of contaminated stormwater or the effect of an increased volume 

of stormwater run-off. 

However, the research did find that five of the LIUDD goals – reducing contaminants, maintaining hydrological 

neutrality, increasing evapotranspiration, protecting and enhancing natural spaces, and restoring /enabling/ 

protecting biodiversity – were very useful in developing a design method. 

Reducing contaminants was found to be an applicable and achievable goal, particularly for the common 
waterfront problem of the discharge of contaminated stormwater on the littoral of the waterfront site from the 

greater urban catchment.  

There was a problem with the discharge of contaminated stormwater/wastewater from the Daldy Street outfall 

into Wynyard Harbour. By reframing the waterfront site within the larger Freemans Bay catchment, the source of 

the contaminated stormwater became evident. Three design tests were carried out to determine the best solution 

to ameliorate the discharge of contaminated water, and a treatment wetland at the end of the Daldy Street pipe 

was chosen as a viable solution.  
This LIUDD goal of restoring the behaviour of the natural hydrology to a catchment seems, at first glance, to be a 

difficult goal to achieve in a greenfield development site, let alone a brownfield inner-city urban site.  However, 

within this LIUDD goal are practical and useful techniques that can be adapted to help address an important 

environmental problem such as the pluvial flooding of waterfront sites. By recognising and protecting the existing 

hydrological networks such as overland flow paths and flood zones on a development site, a simple urban 

development process can be established. Using McHargian sieving, building zones can be allocated to avoid 

these hydrological networks and thus avoid flooding.  

The WQ study demonstrates that the construction of an unimpeded OLFP network is easily accomplished within 
the site. The advantages of being able to map the OLFP network and areas of pluvial flooding via GIS mapping 

are two-fold. Firstly, this gives the stakeholder the information to be able to see the hydrological behaviour of the 

WQ sub-catchment; secondly, the mapping gives the stakeholder the chance to plan for the amelioration of the 

effects of pluvial flooding in storm events through the creation of conveyance channels and detention zones. The 

location size and position of these zones can be made with a simple GIS operation, buffering (Poertner, 1974).  

Accomplishing the third LIUDD goal of protecting and enhancing natural spaces is also, at first glance, 

problematic for an urban waterfront site in which natural spaces such as existing ecotones with native planting 
connected to particular topographical conditions have long since disappeared (if they ever existed). However, 

the discovery of the way that specific ecosystem structures can help in the amelioration of certain environmental 

problems such as preventing the worst aspects of sea-level rise (MfE, 2016) has led to a reconsideration of how 

the use of ‘natural spaces' might be enhanced.  

The WQ study demonstrates that the problem of sea-level rise and, in particular, the effect of storm surges on 

the littoral can be ameliorated by the recreation of a ’natural’ indigenous coastal ecosystem. The typical 

Auckland salt meadow, a complex sloping topographic zone with an intricate planting of species adapted to 

saline, brackish and freshwater conditions (Morton, 2004) is an example of how a natural ecotone could be used 
to ameliorate a pressing environmental issue. 

As discussed in the previous section, the LIUDD goal of restoring /enabling/protecting biodiversity by planting on 

a brownfield site, with contaminated soil, can be challenging. However, a number of solutions are available, both 

long term – the phytoremediation of the site by planting with selected species and the progressive removal and 

replacement with desired species, and shorter term, through the simple amendment of the existing soil with 

organic compost.  
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The WQ case study addresses the goal of increased biodiversity through the development of an ecopatch.  This 

is a concept derived from the writing of Meurk and Hall (2006).  An ecopatch is an area of indigenous vegetation 

of a certain size, to ensure both an internal ecological economy and to link to other indigenous zones within a 

certain distance. Although the planted zone is effectively an ‘island’, it is connected to a larger ecological 

network through bird flight. By establishing indigenous plants within a biodiverse system, plant health and 

efficiency are increased. Through the establishment of a biodiverse ecotone, two other LIUDD goals are 

accomplished: the goal of planting the site with trees to help remove water through evapotranspiration, and the 
goal of helping to alleviate the problem of the heat island effect.  

The last LIUDD goal utilised was the clustering of buildings to reduce impervious surfaces. The WQ and WP 

case studies demonstrate, with a number of scenarios, the way in which the existing WQ master plan building 

programme could still be accommodated through a clustering process. In Chapter 2, the history of clustering was 

discussed; the definition of the operation ranged from simply assembling buildings into a village-like form to the 

amalgamation of functions and social activities into a single architectural form such as a mega structure or tower 

block.  
The different urban/architectural scenarios illustrated in Chapter 6 demonstrate that clustering can also refer to a 

more abstract operation, a simple gathering together of the Gross Floor Area (GFA) and modelling this quantity 

as an extruded volume on the site plan. The result is more in the nature of a massing diagram than a building. 

However, in the WP case study (see Chapter 6), a refinement is made to the extrusion process, with the 

adoption of a generic, residential tower block footprint and the folding of the necessary GFA into that footprint. 

This result is a form that, while not exactly architecture, has a shape that has the generic quality of a tower block.  

However, the tower block as a building type has a number of social and urban issues. The first is the ‘problem’ of 

the tower block as an urban type. The history of the tower block has been well rehearsed, especially the social 
problems of the occupants that were occasioned by the building of tower blocks in the post-war reconstruction of 

Britain (Urban, 2012).  The problems of social isolation, unsuitability for families, rampant crime and urban 

deprivation were all attributed to the tower block.  Recent research has suggested that the equation of 

architectural form with social problems might be unfair; after all, one of the most egregious examples of post-war 

tower block redevelopment in London, the Barbican, is one of the most expensive (Bryant-Mole, 2016).  

The other ‘problem’ with the tower block is the urban master plan that often accompanies its construction, the 

‘tower in the park’ (Le Corbusier, 1947). With the tower in the park model, the tower block ‘floats’ in an undefined 
sea of green, in nature. The chief criticism of this particular urban plan is the lack of urban definition of the social 

space of the city (Jacobs, 1964). This is compared to the way in which traditional urban spaces are defined by 

buildings.  

There are, however, a number of socially and economically successful ‘tower in the park’ urban developments 

(Kroll, 2010). An interesting New Zealand example is the Star block, a post-war housing development designed 

and built by the New Zealand government.  

The Star block, essentially a freestanding three-storey apartment building, usually stands in a landscape of 

grass and exotic trees (Bowron, 2008). The author has written about this particular urban pattern as a successful 
urban model for the inhabitants of the Freemans Bay housing project (Bradbury & Adam, 2012). Interestingly, 

the open character of the landscape, the ‘park’ in the Freemans Bay project, has also allowed for the provision of 

an overland flow path across the site. This path allows for flooding from the Western Park catchment. 

In using these LIUDD insights the research found that placing the Wynyard Quarter waterfront development 

within the Freemans Bay catchment did help in understanding the connectedness of the environmental problems 

and issues of the WQ to the larger catchment.  
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The contaminated stormwater discharge into Wynyard Harbour from the Daldy Street outfall was not produced 

from the Wynyard Quarter sub-catchment, rather it was the result of the collected stormwater from the Freemans 

Bay catchment. Thus, the contamination of the WQ littoral is result of pollution from the larger urban catchment. 

In a similar way, the pluvial flooding of the WQ site is inseparable from the consequences of the impervious 

nature of the Freemans Bay catchment and the overloaded stormwater network. 

Accepting the problems identified by placing the WQ within the Freemans Bay catchment led to the testing of 

LIUDD techniques. The research found that allowing more open space within the WQ waterfront plan helped to 
model ways in which the environmental problems could be remedied. From the research into remediation 

measures, two specific techniques were chosen: a detention conveyance network and a stormwater treatment 

wetland. Using mapping and analysis techniques from GIS software, the spatial consequences of these were 

modelled in different configurations.  

The third LIUDD technique, the clustering of buildings to allow for more open/pervious space in the master plan, 

led to final part of the WQ research investigation. For the WQ to become more resilient to the effects of flooding, 

stormwater contamination and the urban heat island effect, the existing WQ urban master plan has to change to 
accommodate the necessary remediation measures.  The research showed the effect of a clustered urban form 

on the WQ. The WQ case study demonstrated a number of building clustering design scenarios. The research 

looked at how two architectural types, the mega structure and the tower block, could be used to fulfilled the 

necessary GFA. 

 

The fifth objective was to utilise the research by design methodology to address the research question. Three 

methodologies were explored to understand which is the most appropriate to address the research question. 

The implications of the environmental problems, as outlined in previous chapters, threaten the continuing 
viability of the current waterfront development model.  

The qualitative methodology has the potential to measure a technical response to the environmental issues 

identified in earlier chapters. For example, the amount of stormwater generated within an urban catchment can 

be calculated, as can the size and shape of the appropriate remediation measures such as a wetland, rain 

garden or green roof.  While the immediate solution to the environmental problems can be ascertained through 

this methodology, the larger urban implication of, for example, the effects of these remediation measures on the 

urban form are more difficult to comprehend. Decisions about the validity of, say, housing versus a public space 
as a remediation function are difficult to ascertain. The breadth of the research question appears to make the 

use of this methodology limited.  

The quantitative methodology would be able to help measure the social response to the research question. 

For example, questionnaires could be used to gauge the social response to the change in waterfront design 

from, say, a waterfront promenade to the recreation of an indigenous Waitemata littoral ecotone / coastal 

flooding barrier. However, there are a number of drawbacks to the use of this methodology.  Firstly, this 

methodology doesn’t offer a systematic way in which other research investigations that don’t involve public 

opinion could be carried out. Secondly, stakeholders in the waterfront process such as developers, local 
government and designers have a number of other metrics that they want to use to measure the success or 

otherwise of a waterfront development, including financial.  It is difficult to see how these criteria can be 

accommodated by the quantitative methodology. 

The breadth of the research problem, the different forces that act on the design of a waterfront, are extremely 

complex. The issue of building resilience to environmental problems that, with the advent of climate change, will 

undermine the viability of the waterfront development are difficult to encompass. If the complexity of the question 
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is accepted, then a research methodology that has the ability to marshal the different problems into a coherent 

process that can be tested and judged would seem useful. 

The research by design methodology is able to both set up a framework to investigate the research problems 

and develop ways in which to test different speculative iterations.  

RBD starts by setting up a three-stage process in which a research question can be explored. The first stage, 

the pre design, can have some of the characteristics of the qualitative methodology – assessment, measurement 

and analysis of site condition; however, other criteria and data can be introduced.  
The second stage, the design phase, is where speculative possibilities can be generated to open up the 

complexity of environmental problems and the consequences of the remediation to a range of different scenarios 

that might not have been generated by conventional research methods. The last phase concentrates on the 

reflection on the design process, what has been learnt, and what new knowledge has been produced.   

 

The sixth objective was to test the research design on a waterfront case study to determine whether an 

environmentally resilient waterfront can still engender a financial return. The research turned to the problem of 
who would fund the construction of the remediation measures.  Property developers in the western world usually 

pay a development contribution as part of the consenting process. This development contribution can be 

assessed in different ways according to location and specific timing (Auckland Council, 2015a). In Chapter 2, the 

Vancouver model, a way in which a developer can swap extra GFA for an increased development contribution, 

was discussed (Gray, 2012).  In the WP case study, the mechanics of how the Vancouver model might be used 

to develop a targeted development contribution to pay for the remediation landscape was investigated.  

However, two problems, from a real estate financing point of view, present themselves in the WP case study 

scenario. The first is the cost of the initial remediation work for the WQ site.  The removal/remediation or capping 
of the contaminated WP soil (before any work is done to remediate/ameliorate the environmental issues), will be 

considerable. This work cannot be done in a piecemeal fashion but must be carried out in a comprehensive 

manner. While the concept of a Vancouver development contribution to pay for this work is attractive, this 

contribution could not be paid to the local authority until the remediation/public park work is completed, which 

begs the question of who would pay for this work in the first place? The burden of funding would of necessity fall 

back on the local authority and other public stakeholders.  

Considering the WP case study, since the project is not simply the construction of a new park, (which would fall 
under the purview of the Auckland Council) but is also an environmental remediation project, a financial 

contribution could also be sought from Healthy Waters (Auckland Council, 2015b) and Watercare (Watercare, 

2018). Given the political impetus to addressing Auckland’s chronic stormwater contamination problem (Orsman, 

2017), and the commitment of the Auckland mayor to addressing these concerns, a contribution by Watercare 

could be expected. However, the public might feel aggrieved at the public funding of the new remediation 

landscape that is accompanied by the building of private residential towers. Evidence of the ways in which the 

juxtaposition of private residential buildings and public space can have a deadening effect on the use of public 

space can be found (Carmona, 2015). However, it could be argued that the alternative WP master plan (TCL 
Peter Eliot, 2016), a series of six-storey residential blocks along the western perimeter of WP (fig. 7, Chapter 6) 

might be more of an imposition on the public space than the four towers proposed in the WP study.  

If the reluctance of the public to accept the presence of residential towers in a public space can be overcome, 

then the proposed development could be carried out in a staged manner. That is, the developer could build one 

tower at a time. Using the WP case study as an example, this strategy might lead the developer to build the first 

tower at the tip of WP as being the most desirable location, thus encouraging buyers to invest in the new real 
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estate project. Once the premium tower is built then the remaining towers can be assessed by potential buyers. 

Another advantage of the towers versus the blocks proposed in the TCL Peter Eliot scheme (TCL+WA, 2012) is 

in the perception of the way private architecture privatises public space. The urban model developed in this 

research offers the same GFA but at the same time with the amenity of a more natural public space.  

As an Auckland postscript, the NU planning orthodoxy, as demonstrated in the Hobsonville development, has 

recently been amended with the proposal to build a freestanding, 15-storey residential tower. The tower is to be 

built on the cliff behind the waterfront zone (Gibson, 2018b).   
 

The seventh objective was to test the applicability of the design process for two waterfront case studies.  The 

research shows that the WQ design investigation answered the research question by developing an alternative 

waterfront development model based on LIUDD techniques. The applicability of the design process developed in 

modelling and testing the different development scenarios was then tested in the development of two urban 

waterfront design case studies, both on greenfield sites, one in New Zealand and other in PRC. The Chinese 

case study traced the design development of a new waterfront for Furong New Town, Guangdong province. The 
research demonstrated that by placing the proposed development within the larger hydrological catchment, an 

understanding of the existing hydrological network and the amount of stormwater that would be produced in that 

catchment, both before and after the development, could be made. In the Furong case study the GIS buffering 

function was used to accomplish a more conventional LIUDD goal, to protect the hydrological network from the 

effects of contaminated stormwater. The result of prioritising the steam/river network was a change in the 

existing urban master plan where the natural water system was disrupted by the urban grid. The idea of 

clustering building forms was used in the Furong study as a technique to group building zones. A convention 

centre, hotel and village were clustered with a topological operation to form islands. The ‘leftover space’ in the 
50ha waterfront was then dedicated to the hydrological remediation of stormwater from the larger catchment 

through the provision of a stormwater treatment system. 

The Whenuapai study (Rarawara) demonstrated the use of similar LIUDD techniques, the protection of the 

existing hydrological network through buffering and the reallocation and amalgamation of the ‘missing GLA’ into 

a clustered urban form. In the Whenuapai case study the clustered form assumed a more specific architectural 

type, the apartment block. These were given a specific position within the landscape, the Whenuapai waterfront. 

The two studies confirmed the application of the research findings of the WQ study for other waterfront projects.  
The open structure of the WQ design process demonstrated how different LIUDD goals and techniques could be 

tested, used or discarded according to the exigency of the site and brief.  

 

The eighth objective was to acknowledge the obligations of Te Tiriti o Waitangi (The Treaty of Waitangi). The 

research design uses the Te Aranga principles(ADM, 2016) to help address these obligations. The design 

process clearly responds to the strictures of Mauri Tu. The environmental problems of the site are clearly 

identified, especially the production of contaminated stormwater, the causes are analysed in detail and a number 

of remediation measures are put forward and tested for efficacy.  The design process also responds to the 
second principle, Taiao. The design increased biodiversity on the case study site through the planting of 

indigenous vegetation in all the remediation zones, i.e., the flooding detention and conveyance corridors, the 

stormwater remediation pond, and the coastal flooding buffer zone. Specific effort has been made to increase 

biodiversity by constructing a native bush reserve zone. This is of sufficient size (Meurk & Hall, 2006) to act as a 

stepping stone for native birds as part of a chain connecting the Waitakeres with the islands of the Hauraki Gulf.  
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Chapter Nine  
Conclusion  
 

9.1 Introduction 

This chapter summerises how the thesis has contributed to the building of new knowledge about waterfront 

development. The chapter starts by summarizing the trajectory of the research project. The next section 

explicates the three areas of new knowledge discovered   

• The environmental problems and solution present in waterfront developments,  

• The use of LIUDD theory and methods to develop a new development process for a brownfield 

waterfront development site.  

• The use of RbD as an appropriate research tool to investigate complex environmental /urban issues.  

 

The typical waterfront development has many environmental problems. The four most significant ones identified 

in the research were; the pollution of the waterfront littoral by contaminated stormwater, pluvial flooding of 

waterfront sites from the catchment, the effect of sea-level rise on the waterfront edge, and the lack of 
biodiversity. Each condition was investigated, with a specific example. The remediation of the conditions was 

extensively canvassed and examples of the remediation practice in a waterfront project were explored. 

Low Impact Urban Design as a design methodology and as a series of techniques was investigated as a 

possible way to address the environmental problems on the waterfront. The LIUDD pyramid was described with 

a detailed description of the main goals. These are reducing contaminants, maintaining hydrological neutrality, 

protecting riparian margins, increasing evapotranspiration, reducing impervious surfaces, protecting and 

enhancing natural spaces, restoring, enabling and protecting biodiversity, and attaining a new urban form 
through clustering. The hinterland of LIUDD was explored in the science of sustainability and resilience, urban 

and landscape ecology and a specific trope, the hydrological catchment. The modelling of environmental 

conditions within the catchments was explored in a study of GIS, with an investigation into its history as an 

analytical tool, and the specific techniques that can be used to understand hydrological conditions. McHargian 

mapping and planning was explored as a specific technique to order the GIS analysis to prioritise the protection 

and restoration of environmental conditions over urban developments. The specific LIUDD technique of urban 

clustering was explored in more detail with historical examples. The applicability of LIUDD for specific waterfront 

developments was discussed at length and a tentative set of relevant goals and techniques were put forward. 
The standard qualitative and quantitative research methodologies were discussed for their applicability to the 

research question, before selecting the abductive research methodology as being the most appropriate for the 

research investigation. The research by design methodology, a subset of abductive research, was discussed 

and found to be the most applicable to an investigation that was aimed at developing a process rather than a 

scientifically definable outcome.  

The WQ waterfront was chosen as a case study to address the research question, as it is a good illustration of a 

typical waterfront development process, from its genesis in the Peter Walker master plan (Architectus, 2007)  to 

its present incarnation. The site also provided a ready-made financial structure for the development with 
comprehensive GFA and FAR planning. The result of the research investigation was the development of a 

unique design process that combined an understanding of the environmental problems that are present in the 

waterfront site with ta LIUDD methods and techniques. To provide a framework for both analysis and suggested 

remediation regimes, research by design provides a research methodology in which the speculative nature of 

the investigation could be accommodated and the research process tested  
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The two design case studies in Chapter 7, the Furong New Town waterfront and Rarawara structure plan, 

demonstrated that the urban design process developed to address the environmental problems present in WQ 

can also be used to address environmental problems for other waterfront sites.   

 

The WQ and WP case studies show that the urban form of a typical waterfront real estate development model 

can be transformed. At the same time the iterative design studies in Chapter 6 acknowledge the reality of the 

conventional real estate formula by taking the requirements for the necessary GFA seriously. The research 
shows that by using a specific real estate development metric, the Floor Area Ratio (FAR) and the Gross Floor 

Area (GFA), conventional urban forms can be reconfigured, yet remain a recognizable real estate proposition  

The way public space is paid for was discussed, with the Vancouver option being canvassed. The social 

opprobrium associated with the tower block and the tower in the park model was discussed, as are examples of 

successful tower/park models. The possibility of spreading the funding load of the WP case study to associated 

public bodies was canvassed. Finally, the news that the Hobsonville development in West Auckland, a model of 

NU practice, is to build a 15-storey tower on the waterfront demonstrates that the argument about the possibility 
of residential towers on the waterfront has been opened (Gibson, 2018b). 

 

The two case studies, Whenuapai and Furong, with the WQ investigation, work with an existing, conventional 

master plan and structure plan and use these to help define real estate expectations. The impact of urban 

development on the existing hydrological network can be mapped, e.g. roads and buildings that overlay streams 

and overland flow paths.  The impact of impervious surfaces can also be measured via the rational method. The 

existing master plan or structure plan can then be modified or reshaped through clustering buildings, for 

example, apartments towers in the Whenuapai case study or clustering building functions in the Furong study.  
However, the potential of the urban design methodology developed in this thesis does not need to be confined to 

critiquing an existing or proposed master plan; the design method/process could also be used to develop a new 

kind of urban master plan without any reference to the conventional model.  

 

New Knowledge 

Environmental problems on waterfront sites.  

The first contribution to new knowledge was an investigation into the many environmental problems that are 
present in the contemporary waterfront development.  

This thesis argued that conventional waterfront development follows an urban design model based on new 

urbanist thinking, ideas and techniques. The result has been the production of a knowable urban design formula, 

block planning, active street edges, and the insertion of public buildings. The result is a generic urban 

prescription accompanied by a knowable real estate formula that provides property professionals with a broad 

understanding, within the vagaries of the property cycle, of what the expected return will be on individual 

buildings within the overall master plan. The continuing repetition of this urban model is evidence of its success.  

However, one issue in any waterfront development that hasn’t been acknowledged is the environmental.  The 
research found that the success of the waterfront development model is predicated on an intensive building and 

infrastructure configurations that are highly impervious: buildings, roads, streets, footpaths and urban squares. 

Some of the environmental consequences of this urban development model for the environment are the 

production of contaminated stormwater, and pluvial and maritime flooding. The conventional response to these 

problems has been engineering based.  
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Environmental problems such as pluvial flooding, is a condition that was traditionally dealt with through a 

conventional piped system, with the occasional flood being accepted as something beyond the design of the 

system. Likewise, the protection of the sea edge from storm surges was traditionally met through the 

construction of a hard-armoured sea wall.   The production of contaminated stormwater by a new urban 

development was seen as an inevitable byproduct of a development and the subsequent discharge of 

contaminated stormwater into the existing natural stream/river/harbour network was traditionally accepted. 

However, this thesis questions the reliance on engineered systems to address these important environmental 
issues. The growing consequences of climate change – increased rainfall, rising sea levels and an increase in 

global air temperature – will exacerbate these environmental problems. There will be an increase in the 

production of contaminated stormwater, an increase in pluvial flooding from the urban catchment, a rise in sea 

level causing marine flooding and, with increased temperatures, an increase in the urban heat island effect.  

The third chapter explored the relevant research into these environmental problems and the associated 

remediation techniques. While the problems and remediation solutions are well known they remain largely 

siloed, for example, the remediation of stormwater contamination is considered separately from the amelioration 
of pluvial flooding. There are many reasons why this might happen but even a rudimentary analysis would show 

obvious overlaps in certain techniques, for example, detention ponds for pluvial flooding could be combined with 

wetlands for stormwater remediation. The new knowledge was developed through bringing together the siloed 

existing environmental problems within a catchment framework so that solutions could be identified, assessed, 

analysed and tested, (see chapter 6). 
 

Low Impact Urban Design and Development. 

The research found that the Low Impact Urban Design and Development (LIUDD) methodology was able to 
consider the consequences of waterfront development within the larger scale of the catchment. The catchment 

offered a measurable and geographically defined system into which a series of criteria could be introduced that 

privileged good environmental outcomes. For example, the problem of the production of contaminated 

stormwater and the consequences for the receiving environments could be remediated through several 

measures, such as green roofs and wetlands. 

However, further investigation into the practice of LIUDD raised the question of the relevance of the design and 

practice of LIUDD that was originally intended to address the problems of suburban greenfield development. The 
contribution to new knowledge was found in further research investigation that discovered that several of the 

LIUDD insights were applicable and generative in looking at the environmental problems of contemporary urban 

waterfront development.  

The research found three insights into the way LIUDD could contribute to new knowledge about waterfront 

development.  The first insight that LIUDD could offer was the placement of all urban development, no matter 

what scale, within the larger context of the hydrological catchment. When applied to a brownfield site, especially 

a waterfront, this has two consequences. Firstly, the environmental consequences of decisions in the large 

catchments could be apprehended on the waterfront development site. The most obvious example is the 
production of stormwater within an urban catchment and the discharge/outfall on the edge of a waterfront 

development. The same understanding can be made around pluvial flooding, a condition produced within the 

hinterland of the catchment but with the effect very much at the water’s edge.  

The second insight that LIUDD offered was the concept of hydrological neutrality, the preservation of the 

hydrological balance of the catchment. This is a difficult concept to grasp as, of course, any urban development 

within a catchment will disrupt the hydrological balance and, in an existing urban catchment with a brownfield 
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development site, that balance has already been harmed. However, the larger message of this LIUDD insight is 

that any new urban development should strive towards a more equitable hydrological future through the 

provision of more open spaces/pervious surfaces.  These spaces can simply be used to absorb rainwater that 

would have become run-off if it fell on an impervious surface. The spaces can also be used to plant trees to help 

increase water absorption through transpiration and, lastly, the leftover open spaces can be used for 

environmental remediation such as wetland treatment ponds, flood conveyance and detention zones. The 

research found that these measures are becoming more necessary with the increasing consequences of climate 
change.  

The third LIUDD insight utilised by the research was that if the amount of pervious space available must be 

increased, then the current waterfront urban model/building programme must change. A densely populated, 

gridded master plan is a positive impediment to the adoption of measures that will help to address the serious 

environmental problems that affect the viability of waterfront developments. Consequently, the research found 

that by clustering the building programme, the impervious footprint of a building could be reduced by increasing 

height, thus freeing up the ground plane for the necessary remediation measures.  
The research found that if the authorities want to deal with urban environmental problems that will become more 

insistent with the effects of climates change, then they will have to change the conventional urban design model 

for one that allows for more open space. The results of the research, utiliising the methods and techniques of 

LIUDD, has led to a modification of the original diagram. several the tertiary principles have been discarded. 

These include principles that are concerned with reduction of energy consumption and reduction of mobility.  

 
 
Figure 31: New LIUDD diagram. 
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Some of the sub principle concepts are discarded, such as maximizing local goods and optimizing renewable 

energy.  

However, the use of the Te Aranga principles was an opportunity to realize to the full extent the primary 

principle, Work with nature's cycles on a catchment basis to maintain the integrity & mauri of ecosystems. 

Amending the diagram to show which of the Te Aranga principles could be used and then reconnecting back to 

design practices in the sub principles concept tier, demonstrated the potential that the original diagram had and 

how the principles can be taken into the future. The new diagram demonstrates the clear importance of 
privileging the environment, protecting ecosystems, and acknowledging the Te Aranga principles in this research 

study.  

 

Research by Design 

The third contribution to new knowledge was the use of the Research by Design methodology to address the 

research question. Three research methodologies, qualitative, quantitative, and abductive were discussed for 

their applicability in addressing the research question. The abductive research methodology was chosen as 
being the most appropriate for the research investigation. The research by design methodology, a subset of 

abductive research, was discussed and found to be the most applicable to an investigation that was aimed at 

developing a process rather than a scientifically definable outcome.  

 

In particular it is in the design phase that an RbD approach proved to be  the most useful. While the goals and 

techniques of LIUDD are readily utilised, the final decision over the location of the remediation measures is 

made in a speculative manner.  The location of the building programme and its relationship to the environmental 

remediation services is also subject to a speculative process which was carried out as a series of scenarios 
using GIS mapping and modelling. It is in the post design phase that these design moves can be evaluated, 

using different criteria including scientific validation.  For example, the effect of the new urban plan on the 

discharge of stormwater can be accurately measured, as can the size of the required remediation measures. 

However, the efficacy of the new master plan is also in the production of intangible benefits such as the ability to 

engender new public space, something that is not quantifiable.  

The research found that the RbD process does offer sound analysis in the germinal stage of the research 

process, speculation in the design phase, and a considered reflection in the terminal phase.  
The RbD procedure accepts the provisional and limited nature of the initial data. The outcome of the 

investigation, while guided by the LIUDD methods, is in accepting the inevitability of a more speculative, 

provisional, strategic response to the research question.  

The new knowledge that the RbD process offers is a research methodology that is open to the uncertainty and 

fluidity of engaging with the larger landscape process beyond the defined cadastral boundaries of the waterfront 

project. RbD offers a research process to designers who want to investigate the implications of current 

waterfront environmental problems and speculate on future remediation.   
 
Limitations 

The most obvious limitation of this research is the difficulty in gaining acceptance from the urban design 

community for a new urban design model. For over 30 years the new urbanist model has slowly become the 

dominant mode of urban design in the world.  The new urbanist methodology is taught in almost all urban design 

programmes, and most urban design professionals espouse this model. The urban projects built using this 
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design model are both socially and economically successful and are repeatedly awarded prizes for good urban 

design. The model has moved beyond a style to become ideological, invisible but completely dominant.  

 

This research poses a different urban design model that contradicts almost all the new urbanist edicts; however, 

as the effects of climate change, especially on cities, are gradually being realised, then the exigencies of the 

environmental issues facing waterfront developments must force a radical rethinking of a conventional urban 

design model that either does little to help build urban resilience to these effects or, worse, actively contributes to 
harming citizens.  

This thesis is multi-disciplinary, the design process is assembled from disparate and sometimes unlikely 

sources. The limitation of this process are clear, the science of the four environmental problems are not explored 

to any depth. However, the corralling of these problems and their remediation within a design process does give 

a structure and direction to the holistic amelioration of the critical issues.   

 

Further Research  
The IPCC Special Report (Intergovernmental Panel on Climate Change, 2018) clearly lays out the latest 

evidence of climate change and the consequences: increasing precipitation, increases in the mean temperature, 

and increasing sea-level rise are all now inevitable consequence of 1.5°C  of global warming. The consequences 

for the continuing viability of waterfront development are clear and unambiguously articulated. If governments, 

agencies and stakeholders wish to continue with waterfront developments, then the current design model simply 

will not be resilient against these effects.  

This thesis demonstrates that the waterfront can still be developed as a financially successful urban model, but 

for it to be resilient to climate change, a new urban design process is required. This design process puts the 
remediation of environmental issues first. A reconfigured urban plan is the result, one in which the landscape is 

prioritised over the traditional urban plan. The thesis provides a strategy for waterfront design developers and 

stakeholder to rethink the ways waterfronts can be planned.  

 

Further research into the implication of this research are many. Each one of the environmental problems 

identified has an extremely wide range of scientific parameters around specific behaviors in specific situations 

within a catchment. Future research into the ways that these conditions can be explicitly measured, particularly 
in response to climate change would be extremely valuable. The ways that these conditions then interact with 

each other is also a critical area for future research.  

In a similar way, the financial implication for the design process is another rich area for further research 

investigation. A detailed investigation into the cost of each of the remediation measures would be extremely 

helpful. A detailed investigation into the financial implications of the two urban models, the current waterfront 

development model vs building in a remediation landscape model would be very helpful in understanding the 

implications of building the resilient waterfront.  

In terms of the urban realm, the new relationship between buildings and landscape is another field for research 
investigation. The relationship of the street and square to buildings are well rehearsed, but what is the 

relationship of a remediation landscape to a building, a wetland to an apartment complex? There is a rich 

hinterland in 20th century urbanism of building in the landscape. Future research investigation could involve 

tracing links to this hinterland to ground the relationship of building to landscape within historical precedents.   

The wider social implications of how citizens will live, work and engage with this new urban/landscape form are 

perhaps the most tantalizing future research project.  
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In Aotearoa New Zealand all citizens, Māori and Tauiwi, have specific obligation under the treaty of Waitangi, 

Māori have a right to equally participation in any decision making in the public reals. Future research into the 

ways that Matauranga Māori could shape the environmental processes that lead to building a more resilient city 

is an extremely rich and important area of research.  

The social implication of how individual citizens will interact with the landscape is another area of research 

investigation. The work of Jan Gehl (Gehl, 2001) is just a small example of the way observation of how people 

use space in the traditional city has generated a plethora of theory and practice into how to build effective social 
spaces in the city. Similar kinds of social research into the way in which people uses parks and green spaces in 

the city would be extremely valuable in thinking about building the new resilient landscape.  Moving into a more 

speculative realm, research into the way that people will respond to their new relationship with the landscape, 

knowing that this landscape is protecting them from the effects of climate change would be a fascinating area of 

future research.   

 

The possibilities of future research following this research investigation are multilayed and range from scientific 
investigations into environmental conditions to social investigations into the ways people will use these new 

spaces. This research investigation offers the promise of an agreeable landscape for citizens using the new 

waterfront, while at the same time ameliorating the worst effects of climate change. 
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Tables  

 

Table One 

Wynyard Quarter wetland to treat Freemans Bay stormwater 

 

Equations (TP10 Chapter 3.5.1) 

S = ((1000/CN) – 10)25.4 Q24 = (P24 – Ia)2 / ((P24 – Ia) +S) 

V24 = 1000Q24A Vff = 0.3V24 

Catchment Impervious Area: 1.78km2 Catchment Pervious Area: 0.66km2  

CN: 98 for impervious surfaces 

  

Ia: 0 for impervious surfaces 

P24: 75mm (TP108) 

CN: 61 for lawns 

 

Ia: 5 for pervious surfaces 

P24: 75mm (TP108) 

S = ((1000/98) - 10)25.4 = 5.18 

Q24 = (75)2/(75+5.182) = 70.15 

V24 = 1000 x 70.153 x 1.78 = 124, 875  

Vff = 0.3 x 124, 875 = 37, 462m3 

S = ((1000/61) – 10)25.4 = 162.4 

Q24 = (75 – 5)2 / (75 – 5) + 162.4 = 21.1 

V24 = 1000 x 21.1 x 0.66 = 13,915 

Vff = 0.3 x 13,915 = 4174m3 

Vff Total = 41,635.7m3 

 

S (the potential soil storage) = 1000/CN (Run off curve number for the degree of pervious /impervious surface) – 

10 x 25.4 

Q24 (24 Run off depth) = P 24 (24hr rainfall depth)- Ia (impervious /pervious surface register) squared divided by 

P24(24hr rainfall depth) – Ia (impervious /pervious surface register) plus S (POTENTAIL soil storage)  
V24 (volume of water in 24 hours) = 1000 x Q24(24 runoff depth) x area (kilometer 2) 

VFF (cubic volume of water to be treated) - .3 x V24  

 

In accordance with Auckland Council’s TP10 (ARC, 2003) a third of stormwater volume should be collected for 

treatment resulting in a first flush water volume of 41,635.7m3 

Auckland Council TP108 details the sizing of the wetland pond. These calculations are presented as a guide 

based upon regulations in TP108 REF.  

A wetland is typically designed with 40% of the surface area 0-1m deep and 60% of the wetland area 0-0.5m 
deep. The forebay can be up to 2m deep to slow the flow of incoming water and should store 15% of the overall 

volume of the wetland.  

Abreviations: 

FBv = Forebay Volume 

FBa = Forebay Surface area 

WLv = Wetland Volume 

WLa = Wetland Surface Area 
WLov = Wetland Overall Volume (total volume of water contained within the wetland) 

WLoa = Wetland Overall Surface Area (total surface area of wetland incl. forebay) 

WLv1 = Volume of Water contained at 1m Depth (40% of WLov, TP10 chpt 6.7.2) 

WLv0.5 = Volume of Water contained at 0.5m Depth (60% of WLov, TP10 chpt 6.7.2) 
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WLa1 = Surface area at 1m Depth 

WLa0.5 = Surface area at 0.5m Depth 

 

Equations: 

WLov = Vff Total WLa1 =  0.4WLa 

FBv = 0.15WLov WLa0.5 = 0.6WLa 

FBa = 0.5FBv WLv1 = WLa1 

WLv = WLov - FBv WLv0.5 = 0.5WLao.5 

WLa = WLv / 0.7 WLoa = WLa + FBa 

 

Forebay Size: Wetland Size: 

WLov = 41, 636m3 

 

FBv = 0.15 x 41, 636 

FBv = 6,245.4m3 

 

FBa = 0.5 x 6, 245.4 

FBa = 3, 122.7m2 

 

WLv = 41,636 – 6245.4 

WLv = 35, 390.6m3 

 

WLa = 35, 390.6 / 0.7 

WLa = 50, 558m2 

 

WLa1 = 0.4 x 50, 558 

WLa1 = 20, 223.2m2 
 

WLa0.5 = 0.6 x 50, 558 

WLa0.5 = 30, 334.8m2 

 

WLoa = 50, 558 + 3, 122.7 

 

WLoa = 53, 680.7m2 
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Table Two 

Wynyard Quarter Increased Pervious Surface 

 

Wetland size calculations: 

Equations: 

WLov = Vff Total WLa1 =  0.4WLa 

FBv = 0.15WLov WLa0.5 = 0.6WLa 

FBa = 0.5FBv WLv1 = WLa1 

WLv = WLov - FBv WLv0.5 = 0.5WLao.5 

WLa = WLv / 0.7 WLoa = WLa + FBa 

 

Forebay Size: Wetland Size: 

WLov = 41, 198m3 

 

FBv = 0.15 x 41, 198 

FBv = 6, 179.7m3 

 

FBa = 0.5 x 6, 179.7 

FBa = 3, 089.85m2 

 

WLv = 41,636 – 6, 179.7 

WLv = 35, 018.9m3 

 

WLa = 35, 018.9 / 0.7 

WLa = 50, 027m2 

 

WLa1 = 0.4 x 50, 027 

WLa1 = 20, 010.8m2 
 

WLa0.5 = 0.6 x 50, 027 

WLa0.5 = 30, 016.2m2 

Equations (TP10 Chapter 3.5.1) 

S = ((1000/CN) – 10)25.4 Q24 = (P24 – Ia)2 / ((P24 – Ia) +S) 

V24 = 1000Q24A Vff = 0.3V24 

Catchment Impervious Area: 1.75km2 Catchment Pervious Area: 0.69km2  

CN: 98 for impervious surfaces 

  

Ia: 0 for impervious surfaces 

P24: 75mm (TP108) 

CN: 61 for lawns 

 

Ia: 5 for pervious surfaces 

P24: 75mm (TP108) 

S = ((1000/98) - 10)25.4 = 5.18 

Q24 = (75)2/(75+5.182) = 70.15 

V24 = 1000 x 70.153 x 1.75 = 122, 767.75m3  
Vff = 0.3 x 122, 767.75 = 36, 830.3m3 

S = ((1000/61) – 10)25.4 = 162.4 

Q24 = (75 – 5)2 / (75 – 5) + 162.4 = 21.1 

V24 = 1000 x 21.1 x 0.69 = 14, 559m3 
Vff = 0.3 x 14, 559 = 4, 367.7m3 

Vff Total = 41, 198m3 
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WLoa = 50, 027 + 3, 089.85 

WLoa = 53, 116.85m2 

If the WQ were to be 100 percent pervious, the size of the Freemans Bay remediation wetland is reduced by 1.5 

percent to 5.3ha. 
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Table Three 

Freemans Bay Green Roofs 

 

Wetland size calculations: 
 

 

Catchment Impervious Area: 0.91km2 Catchment Pervious Area: 1.53km2  

CN: 98 for impervious surfaces 

  

Ia: 0 for impervious surfaces 

P24: 75mm (TP108) 

CN: 61 for lawns 

 

Ia: 5 for pervious surfaces 

P24: 75mm (TP108) 

S = ((1000/98) - 10)25.4 = 5.18 

Q24 = (75)2/(75+5.182) = 70.15 

V24 = 1000 x 70.153 x 0.91 = 63, 839.23m3  

Vff = 0.3 x 63, 839.23 = 19, 151.769m3 

S = ((1000/61) – 10)25.4 = 162.4 

Q24 = (75 – 5)2 / (75 – 5) + 162.4 = 21.1 

V24 = 1000 x 21.1 x 1.53 = 32, 283m3 

Vff = 0.3 x 23, 283 = 9, 684.9m3 

Vff Total = 28, 836.67m3 

 

Wetland size calculations 

Equations: 

WLov = Vff Total WLa1 =  0.4WLa 

FBv = 0.15WLov WLa0.5 = 0.6WLa 

FBa = 0.5FBv WLv1 = WLa1 

WLv = WLov - FBv WLv0.5 = 0.5WLao.5 

WLa = WLv / 0.7 WLoa = WLa + FBa 

 

Forebay Size: Wetland Size: 

WLov = 28, 836.67m3 
 

FBv = 0.15 x 28, 836.67 

FBv = 4, 325.5m3 

 

FBa = 0.5 x 4, 325.5 

FBa = 2, 162.75m2 

 

WLv = 28, 836.67 – 4, 325.5 
WLv = 24, 511.17m3 

 

WLa = 24, 511.17 / 0.7 

WLa = 35, 015.96m2 

 

WLa1 = 0.4 x 35, 015.96 

WLa1 = 14.006.4m2 
 

WLa0.5 = 0.6 x 35, 015.96 

WLa0.5 = 21, 009.56m2 

 

WLoa = 35, 015.96 + 2, 162.75 

Equations (TP10 Chapter 3.5.1) 

S = ((1000/CN) – 10)25.4 Q24 = (P24 – Ia)2 / ((P24 – Ia) +S) 

V24 = 1000Q24A Vff = 0.3V24 
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WLoa = 37, 178.71m2 

 

The results show that the size of the end of pipe wetland can be reduced to 31.5% (37, 178.71m2)  of the original 

wetland.  This shows the effectiveness of green roofs in the mitigation of stormwater run-off.  
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Table 4  

 
 

 

 

 
 

 

 

 

 

 

Wynyard Point Apartments Feasibilty study
Architectus Master Plan 2007
Unit of Measurement % m2 cost $ rental /m2 income $million
Value of the scheme
Retail net area
Office Net area
Residential net area $51,840 $10,000 518400000
Total income
Total Value

Cost of scheme
Retail
Office
Residential $51,840 $5,000 259200000
Road and site works 5.00% 12960000
Professional fees 12.50% 32400000
Contingency 5.00% 12960000

Total Cost of Building 317520000
Development Finance
Construction and Planning 10.00% 25920000
Letting and legal fees 15.00% 38880000
Sales fees 2.00% 5184000
Advertising and marketing 0.05% 129600
Total Financing Cost 70113600
Total Building and Financing Cost 387633600
Developers profit on cost 20.00% 77526720
SITE VALUE 
24 months
Present Value $1,500 14400 21600000
Less Acquisition cost
SITE Value today 
Total cost 486760320
Profit/Loss 31639680

Notes 
All figures from Rawlinsons 
(Rawlinsons 2013-14)
Residual Development Appraisal
(Havard 2014 pg 63)
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Table 5 

 
 

Wynyard Point Apartments Feasibilty study
Wynyard Point Park Master Plan 
Unit of Measurement % m2 cost rental /m2 income $million profit/loss

Value of the scheme
Retail net area
Office Net area
Residential net area 51840 10000 518400000
total income
Total Value

 Cost of the scheme
Retail
Office
Residential construction 51840 5000 259200000
Road and site works 5.00% 12960000
Professional fees 12.50% 32400000
Contingency 5.00% 12960000

Total Cost of Building 317520000 -200880000
Development Finance
Construction and Planning 10.00% 25920000
Letting and legal fees 15.00% 38880000
Sales fees 2.00% 5184000
Adverting and marketing 0.05% 129600
Total Financing Cost 70113600
Total Building and Financing Cost 387633600
Total cost pre m2 7477.5
Developers profit on cost 20.00% 77526720
SITE VALUE 
24 months
Present Value $1,500 4600 6900000
Less Acquisition cost
SITE Value today 

Environmental clean up and 
new park construction
Demolition of the tanks 36200 134 4850800
Fill Remediation 80000 84 6720000
Fill placement m3 116320 60 6979200
Wetland Construction 35000 200 7000000
New Park 45000 400 18000000
Total remed cost 43550000
Total cost 515610320
Total Profit/Loss 2789680 2789680
Total Profit Architectus Scheme 31639680
Difference betweem the two schemes -28850000
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Notes 
All figures from Rawlinsons 
(Rawlinsons 2013-14)
Residual Development Appraisal
(Havard 2014 pg 63)
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Table 6 

 

Wynyard Point Apartments Feasibilty study
Wynyard Point Park Master Plan 
Vancouver developer contribution
Unit of Measurement % m2 cost $ rental /m2 income $million

Value of the scheme
Retail net area
Office Net area
Residential net area 51840 10000 518400000
total income
Total Value

 Cost of the scheme
Retail
Office
Residential construction 51840 5000 259200000
Road and site works 5.00% 12960000
Professional fees 12.50% 32400000
Contingency 5.00% 12960000

Total Cost of Building 317520000
Development Finance
Construction and Planning 10.00% 25920000
Letting and legal fees 15.00% 38880000
Sales fees 2.00% 5184000
Adverting and marketing 0.05% 129600
Total Financing Cost 70113600
Total Building and Financing Cost 387633600
Total cost pre m2 7477.5
Developers profit on cost 20.00% 77526720
SITE VALUE 
24 months
Present Value 4600 $1,500 6900000
Less Acquisition cost
SITE Value today 

Environmental clean up and 
new park construction
Demolition of the tanks 36200 134 4850800
Fill Remediation 80000 84 6720000
Fill placement m3 116320 60 6979200
Wetland Construction 35000 200 7000000
New Park 45000 400 18000000
Total remed cost 43550000
Total cost 515610320
Total Profit/Loss 2789680
Total Profit Architectus Scheme 31639680
Difference betweem the two schemes -28850000
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Vancouver 
Cost per floor 1200 10000 12000000
Developer Profit 20.00% 2400000
Developer Contribution(70% of profit) 70.00% 1680000

Number of xtra floors required to pay for remediation 25.92261905
(remediation cost/dev contribition)
Extra number of floors per tower 4 6.480654762

Notes 
All figures from Rawlinsons 
(Rawlinsons 2013-14)
Table from residual development appraisal
(Havard 2014 pg 63)
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