
SHAYNE NORONHA
MASTER OF LANDSCAPE ARCHITECTURE

RISING TIDES
AND THE FUTURE OF COASTAL COMMUNITIES







Copyright to all work included is retained by 
the author. Copying or transmission of any part 
of this publication or the related files in any 
form, by any means (electronic, photocopying, 
recording, or otherwise) is restricted to 
educational use only, with appropriate 
referencing. No part of this document may be 
used without the prior written permission of the 
publisher. 

© Shayne Noronha, 2016

Publisher: 
Unitec Institute of Technology
Department of Landscape Architecture 
Carrington Road, Mt Albert 
Auckland, New Zealand 



RISING TIDES
AND THE FUTURE OF COASTAL COMMUNITIES

A thesis presented to 
The Faculty of Landscape Architecture

of 
Unitec Institute of Technology

By

SHAYNE NORONHA

In partial fulfilment of requirements for the degree of

Master of Landscape Architecture
October, 2016





ACKNOWLEDGEMENTS

Special thanks to my supervisor, Daniel Irving, for his time and 
feedback. Your guidance and knowledge helped deliver this 

project to a standard I am more than satisfied with. 

Special thanks to EJG - for her continuous support, as well as 
her resilient and adaptable nature throughout the course of this 

project. 

To the friends who helped me see beyond the work, and by this, 
brought more clarity to it. 

To my colleagues - your professional knowledge and support 
towards this project contributed immensely and made the process 

worthwhile. 

And appreciation to my family for their advice from experience, 
which in the end is my ultimate lesson. 





TABLE OF Contents

11 43
17 59
37 79

91

119

ABSTRACT AND RESEARCH QUESTION
12.  RESEARCH PROPOSAL 

THE SCIENCE
18.  CLIMATE CHANGE
20.  SEA LEVEL RISE
22.  DESIRE FOR THE COASTAL LIFESTYLE
24.  CASE STUDY ANALYSIS
33.  CRITERIA FOR ASSESSMENT
34.  SEA LEVEL RISE IN NEW ZEALAND

PRESENT DAY STRATEGIES
38.  HARD ENGINEERING TECHNIQUES
40.  SOFT ENGINEERING TECHNIQUES

INNOVATIVE DESIGN
50.  RESILIENCE
52.  ADAPTABILITY
54.  ECOSYSTEM DYNAMICS
57.  SUSTAINABILITY FRAMEWORK:INFLUENCED BY 
 THE ANTIFRAGILE

SITE ANALYSIS
65.  TOPOGRAPHY
67.  EROSION
69.  SOIL
71.  MARITIME HERITAGE
73.  BIODIVERSITY

EXPERIMENTATION
82.  PRELIMINARY SITE VISIT FINDINGS
85.  FLUID DYNAMICS
86.  BIOFILTRATION
87.  OUTCOMES OF INTERVENTIONS
88.  RESEARCH OPPORTUNITIES

ANTIFRAGILE DESIGN INTERVENTION
93.  EXISTING CONDITIONS
95.  OPPORTUNITIES FOR DESIGN
96.  POINT WELLS RESERVE MASTERPLAN
99.  PUBLIC PARKLAND
101.  COASTAL ACCESS
103.  PERMEABILITY AND FILTRATION
105.  RECREATION NETWORK
106.  PUBLIC / PRIVATE DESIGNATION
109.  CULTIVATION AND FILTRATION
110.  RESEARCH INSTITUTE
112.  LOCALISED RESEARCH
115.  SECTIONS

CONCLUSIONS AND REFLECTIONS

121.  REFERENCES





Climate change will have tremendous implications for the design of landscapes and urban areas 
before the close of the 21st Century. Current projections suggest that increasing temperatures will 
cause significant sea-level rise, and this will certainly change the lifestyle and shape of highly valued 
coastal development across the globe. However, present day mitigation techniques are still dominated 
by a process of engineering efficiency that tends to ignore social, environmental and economic 
values critical for the vitality and sustainability of cities. (Jabareen, 2012). New strategies can build 
on functional engineering solutions to add value through design for urban ecology and quality of 
life, and suggest an approach to coastal resilience that achieves mitigation outcomes appropriate 
to coastal surges, while retaining investment and engagement in the everyday life of our cities. 
Landscape architects are well situated to lead collaborative research at coastal edges and provide 
opportunities for resilient urban development.

ABSTRACT

Can design innovation in both 
method and Management better support the development of resilient 

coastal communities?

How can innovative methods of coastal management contribute to the 
development of resilient coastal communities? q1

q2
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In addition to early scientific analysis the severity of climate change has been made 
dramatically clear in recent years through coverage in digital media. Rising sea levels 
will change topographic datum and threaten population patterns around the globe, 
where heavily populated areas are directly affected. For a number of the Pacific islands, 
populations will be forced to abandon their countries for a safer destination. However, 
sea level rise is a global issue and questions the sustainability of megacities. Several of 
the highest density cities, such as Mumbai, Shanghai and Cairo, will face this critical 
issue and may be rendered uninhabitable. It has forced the Maldives to seriously consider 
relocation of almost 400,000 citizens, since the atolls that support the nation reach 
their peak elevation at around 2.5m. (Bergdoll, 2011). The question of where one-third 
of the Mekong Delta’s 17 million population ends up if submerged is a concern. Even the 
most conservative estimates predict that at least one-fifth of the delta will be inundated. 
(Bergdoll, 2011). Rapid climate change is threatening to overwhelm infrastructure that, in 
the past, had allowed cities to cope with inundation and surges. 

Climate scientists have provided projections to visualize the severity of rising sea 
levels and the immediate impact along coastal areas around the world. While there is 
no certainty regarding sea level rise estimates, recent storms suggest the damage and 
expense to coastal investment is considerable. In 2005, Hurricane Katrina accounted for 
108 billion USD worth of damage along beachfront towns in Mississippi and Louisiana, 
while also taking 1836 lives. (National Hurricane Center, 2014). In September 2008, 
Hurricane Ike hit the upper Texas coast, inflicting 37.5 billion USD worth of damage, 
as well as being held responsible for the loss of 195 lives. (National Hurricane Center, 
2014). Most recently, in March 2015, Cyclone Pam hit Vanuatu damaging 90% of housing, 
including vital supplies of food and water. (The Weather Channel, 2015). 

Climate study and simulations suggest the average increase in global temperature could 
be between 0.9°C to 5.4°C warmer by 2100. (Herring, 2012). For several communities, the 
outcomes of climate change will be increasingly devastating. Ice-melt at the poles and 
larger volumes of seawater threaten to significantly change the lifestyle of urban coastal 
communities. Japan’s tsunami is fresh in our collective memory and digital media has 
increased awareness of the situation. Threats include receding coastal edges through 
ongoing erosion as well as inundation for urban areas. The uncertainty of future livability 
in vulnerable low-lying areas is intimidating. Cities that face particularly high risk today 
are not the only cities where the risk will increase most. Cities where inundation is not a 
priority will be required to deal with this problem seriously. It is a challenge because one 
cannot see an increase in risk – we see the disaster when it is too late. (Hallegatte, 2013). 
Urban communities need to undertake the challenge of producing mitigation strategies 
before disasters have hit. It is a politically challenging approach, but it ensures the long-
term survival of the coastal lifestyle.

Coastal areas are desirable and provide economic opportunities for those interested in 
the coastal lifestyle. Coastal environments allow for a range of recreational opportunities 
and important coastal industries to facilitate. The history of coastal development dates 
back to early farming and fishing, through to the shipping of goods and services and has 
been recognized as the birthplace for many coastal cities. Local attachment has supported 
a diverse cultural connection to the coastal edge, which often captures the identity of a 
city or place. As a result, these areas attract foreign communities and grow local economy 
through tourism and trade. (Phillips & Jones, 2006). However, the values of investment 
are under threat, which is a major concern for both local and external groups that depend 
on these resources.

The obvious relationship between sea level rise and coastal cities is an area that requires 
attention. Although a magnitude of analysis is still needed, cities will need to adapt to 
the changing climates. (National Research Council, 2010). Financial investment, as well 
as professional collaboration, is critical and implementation may come at a considerable 
price, but the cost of inaction will be significantly higher.

New Zealand’s coastal environment is recognized as one of the country’s most attractive 
natural amenities. 15,000km of diverse coastline offers a range of high quality amenities 
and wild lands, including phenomenal scenic views and recreational opportunities. 
The coastal experience is often considered an essential component of the New Zealand 
lifestyle. In Auckland, 56% of long-term residents live within 1km of the coast, and 97% 
living within 5km. (The Auckland Plan, 2014). However, the perception of New Zealand’s 
coast is changing. The diverse topographical characteristics of New Zealand leave low-
lying areas exposed. If projected sea level rise were to occur, New Zealand’s coastal urban 
areas would be severely damaged. 

Rich coastal ecology and economic productivity is critically interconnected in New 
Zealand. Important coastal industries, dependent on the coastal environment, drive the 
nation’s economy. Harm to the coastal environment would devastate these industries as 
well as New Zealand’s coastal character, which is an important and unique asset. New 
Zealand’s population is expected to increase by 1 million residents, inflicting a great 
demand for housing and employment. (The Auckland Plan, 2014). If extreme sea level 
rise were to occur, accessibility to the coastal area would be lost along with a range of 
recreational amenities, which are vital to social wellbeing and health. Warmer waters 
due to climate change may affect important coastal species, which are important for the 
New Zealand ecosystem. Climate fluctuations may also alter migratory routines of fauna, 
which carry out important ecological processes to sustain the natural environment. (J. 
A. Lowe, 2009). Economically, species decline severely threatens industries that depend 
heavily on the natural environment. The Hauraki Gulf Marine Park is a unique tourist 
attraction, and a leading contributor to the New Zealand economy. 

Focus on mitigating sea level rise should be paramount for New Zealand designers. 
The development of a strategy to sustain the urban coastal area is an opportunity to 
incorporate all components of the New Zealand coastal lifestyle. Encouraging interaction 
with coastal areas for recreation and leisure is a popular culture for locals as well as 
tourists. Designers have the opportunity to enhance these social opportunities to increase 
the local tourism market. Strategies could also prioritize the ecological interconnectivity 
of the region, improving water quality and enhance opportunities for habitat growth. Sea 
level rise presents an abundance of possibilities for coastal development, which designers 
are increasingly becoming aware of. (Oppenheimer, 2011).

INTRODUCTION

CONTEXTUAL APPROACH TO STUDY

CURRENT DISCOURSE

PROBLEM IN NEW ZEALAND

Research Proposal
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The frequency of disastrous storms has questioned the uncertainties of sea level rise, 
encouraging communities to seriously engage with coastal protection strategies.  
Mitigation techniques are dominated by a process of engineering efficiency, which strongly 
focuses on the idea of physically repelling the force of storm surges. Beach replenishment, 
groynes and sea walls have provided immediate short-term relief. These defenses – their 
specific design for current environmental conditions – leave urban areas vulnerable to 
even minor changes in sea level. Senior economist Stéphane Hallegatte explains that 
cities well protected today are particularly vulnerable to change. Fluctuating sea levels 
require coastlines to continually adapt. Adapting engineering solutions will require major 
investments over the coming decades. This may be easy for rich cities, but poor countries 
will find it challenging. The Netherlands spend approximately €100 per person annually 
on inundation defense. In Bangladesh, a country highly vulnerable to innundation, that 
sum is one-quarter of the average annual income for an individual. (Bergdoll, 2011). Most 
importantly, coastal engineering has often overlooked the motives that have attracted 
populations to invest in the coastal lifestyle. 

Including projected sea level rise in design analysis can inform new ideas for development 
of cities and communities. Periodic flooding will likely be a common occurrence in many 
low-lying urban areas and communities need to address this issue. Receptive communities 
may extend the livability in these areas, where hard edges give way to more resilient 
strategies. (Ouroussoff, 2011). The approach to developing an adaptive strategy should 
support environmental sustainability, economic growth, social inclusion and cultural 
diversity. (Kornberger, 2012). The prioritisation of these important components is seen 
in cities leading the way in planning for coastal management. Examples of prioritisation 
are seen in mangrove restoration along China’s coast, formed as a protective buffer 
that recognizes the importance of ecology parallel to shoreline defense. However, as 
a consequence, accessibility to coastal areas is overlooked. Designers need to come to 
terms with changing environments, and challenge traditional urban design principles to 
provide dynamic coastal areas – both for defense and sustaining community values.  

Strategies provide efficient guidelines to mitigate worst-case scenarios. (Bruce & Desfor, 
2007). Complex multidisciplinary strategies may preserve coastal communities, but 
uncertainty has become a barrier to investment. Complex strategies that are designed 
to lower the impact of extreme storm events need to equally consider the everyday 
requirements of coastal communities during mild weather conditions. The redevelopment 
of the vulnerable edge can incorporate coastal lifestyle qualities. Places are unique and 
valued by people in ways that cannot be captured through economic analysis. (Adger et 
all., 2009). Strategies should be concerned with values because they enable or constrain 
action and thereby either encourage or limit adaptation. (Novaczek, MacFayden, Bardati, 
MacEachern, 2011). Coastal resilience focuses on the capacity to absorb shocks and still 
maintain function. (Gunderson & Holling, 2002). In a resilent social-ecological system, 
disturbance has the potential to create opportunity for doing new things, for innovation 
and for development. (Folke, 2006). Folke’s resilience theory explains non-linear dynamics, 
thresholds, uncertainty and surprise in relation to periods of gradual change interacting 
with periods of rapid change, and this concerns investment strategies for conservative 
and extreme scenarios.
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To broaden the understanding of the relationship between urban coastal areas and sea-
level rise, a collection of literature from all fields of practice, discussing climate change, 
will be reviewed and critiqued. Important findings will focus on the social and economic 
components under threat along coastal areas, as well as the significance of environmental 
diversity and sustainability. Consequently, research on existing defense will explain the 
current approach to mitigation strategies. This initial phase will build the foundation of 
theory needed to understand the issue of sea-level rise. 

A range of case studies will be reviewed to visualize the impact of sea level rise. 
Investigating numerous coastal cities vulnerable to sea level rise, will display an extensive 
range of economic and environmental damage and the effect it has on local community.

A collection of existing solutions will be investigated. Solutions will include engineering 
strategies that have focused on “Protecting”, “Adapting” and/or “Retreating”. These 
methods will be critiqued on its effectiveness to defend urban coastal development and 
the coastal lifestyle. Site-specific examples of these strategies will be reviewed and will 
build on the argument for a new approach to coastal protection. 

Reviewing discussion of new ideas for coastal management, which focus on resilience and 
adaptation, will reassure the project trajectory. Key examples will be found in strategies 
that have been developed by landscape architectural designers leading collaborative 
practice. The analysis of these case studies will be used to develop a set of new design 
principles that aim to protect vulnerable low-lying urban coastal areas and sustain the 
values of these communities.

Using the new design principles generated from literature reviews and case studies, a site in 
New Zealand will be used as a test case. The site chosen for the project is the Whangateau 
Harbour, located on the northern east coast of the Hauraki Gulf, approximately 80km 
from Central Auckland.

“The Whangateau Catchment extent is broadly defined by the coastal promontories of 
Cape Rodney to the north and Tawharanui Peninsula to the south, on Rodney District’s 
north-east coastline. The inland extent of the catchment surrounding the harbour 
is stongly defined to the north by the ridgelines extending from Mt Tamahunga, 
reaching a maximum elevation of around 440m. The catchment extends around to the 
Tawharanui Peninsula to the south, with its watershed defined by the lower ridgelines 
of the Takatu hillsides. The Whangateau Catchment covers a total area of 4,190 ha.” 

-(Kelly, S. 2009. Auckland Regional Council).

The Whangateau Harbour is a low-lying urban coastal area that holds significant social, 
environmental and economic values, which has attracted a number of groups – both 
for short-term and long-term accommodation. Increasing popularity has encouraged 
planning for a new subdivision in Point Wells, a traditional beach community with an 
extensive harbor edge. However, sea level rise is a serious threat for this developing 
community, as well as a range of existing settlements along the coastal fringe of this 
complex and extensive harbour.

Initial site analysis will include:
•Site inspection (e.g. photography, sketching)
•Statistics and demographics
•Geology
•Vegetation
•Fluvial processes
•Culture and heritage values
•Environmental diversity and sustainability

The information obtained from site analysis and acknowledging current planning will 
influence the development of a range of conceptual strategies. The strategies will be 
compared and contrasted to produce a further developed strategy that demonstrates a 
comprehensive approach to mitigate sea level rise while providing a range of opportunities 
and amenities for local community and future investors.

LITERATURE REVIEW

CASE STUDY RESEARCH

DESIGN: NEW APPROACH TO PROBLEM

Formal presentation of the developed work will allow for members of practice to critique 
the project. Literature developed to date will also be peer-reviewed to obtain a variety 
of opinions. Remarks on areas of strength and areas that require work will determine 
the next stage of concept development. A personal reflection will also summarize the 
progress and quality of work and determine the trajectory of the project. Finalizing the 
strategy based on these comments will ensure the project is concluded at its full potential.

REFLECTION AND FUTURE RESEARCH

Adapting the coastal environment may lower the damage induced from storm surges, but 
all defenses will be vulnerable to failure to an exceptional event that exceeds its design. 
Resilience is required to manage external disturbance. Antifragility – an interesting 
ideology of Nassim Nicholas Taleb – defines the ability to benefit from disturbance and 
emerge as a product of higher quality. New coastal conditions may emerge through the 
adaptation to rising sea levels, but resilience ensures long-term sustainability of economic 
and environmental components, which provide desirable social opportunities. (Folke, 
2006). It is important to explore the relationship between adaptation and resilience, 
not only for coastal protection but to understand and challenge the conditions in which 
urban societies can be sustained. Resilient adaptation could extend the parameters of 
economic growth and environmental complexity, providing a range of opportunities and 
amenities that societies may benefit from. Opportunities for innovative development to 
mitigate sea level rise could comprehensively include the key components that have made 
coastal urban areas so desirable.

HYPOTHESIS Methodology
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Climate change is indeed a complex problem of global proportions. It engages designers to fundamentally 
reconsider where and how we live as societies. The variable conditions cities will face in the future will 
demand professional practice to rethink infrastructure design, to necessitate flexibility and productivity, 
that continue working even when stressed and bounce back rapidly when disturbed. Through the course 
of the research project, I expect that innovative strategies will highlight a new approach to coastal 
management, where community values are sustained through the implementation of coastal defense. The 
development of new opportunities and amenities for local communities and future investors can ensure 
the ongoing desire for the coastal lifestyle. Landscape architectural practice, leading collaborative research, 
can confront the fear of rising sea levels and reinterpret it into an opportunity for safer and greener cities 

that are more equitable, livable and competitive. (Bergdoll, 2011). 

This is a challenge – and an opportunity – we cannot afford to ignore.

SUMMARY
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Over the past century, human activities have released large amounts of greenhouse gases 
into the atmosphere – mainly carbon dioxide, methane and nitrous oxide. 

A majority of these greenhouse gases come from driving motor vehicles, burning fossil 
fuels and farming. These gases gather in the atmosphere, and trap the sun’s heat to make 
life on Earth possible. Without these gases, too much heat would escape and the surface 
of the planet would freeze. (Ministry for the Environment 2014). However, increasing the 
concentration of greenhouse gases in the atmosphere is causing Earth to heat more and 
the climate to change. 

This process is often referred to as ‘global warming’. However, the term ‘Climate Change’ 
is often more appropriate because it likely to bring about more extreme events – storms, 
cyclones, floods, drought and landslips – rather than an increase in temperature alone. 
(Ministry for the Environment 2014). Climate scientists expect the Earth’s average 
temperature will increase by 0.9°C to 5.4°C by the end of the 21st Century. (IPCC 2014).

Natural processes have driven climate change in the past. From ice ages, to tropical 
heat, the Earth’s climate has undergone several changes over millions of years. Over the 
past 10,000 years, these natural changes have generally been gradual, allowing humans, 
plants and animals to adapt or migrate. Some prehistoric climate fluctuations may have 
been abrupt and are likely to have led to the mass extinction of species. (Ministry for the 
Environment 2014).

However, the past 150 years have marked a growing increase in greenhouse gas producing 
activities such as agriculture, industrial and transportation. These human-induced 
activities are held accountable for the increase level of greenhouse gases in the atmosphere 
and causing the Earth to heat up at an unprecedented rate. (Ministry for the Environment 
2014). 

The global average temperature is very likely to change more rapidly during the 21st 
Century, than during any natural variations over the past 10,000 years. As a consequence, 
this will challenge the ability for plants and animals to adapt to the changing environment. 

Changes to the climate system take time. Human activities have already released large 
quantities of greenhouse gases into the Earth’s atmosphere. The effects of climate 
change will continue even if emissions are immediately reduced. Although prioritising 
the reduction of harmful emissions is required to ensure the long-term sustainability of 
the planet, communities will still need to address adaptation to mitigate the expected 
changes in the environment.

WHAT IS CLIMATE CHANGE?

GLOBAL LAND-OCEAN TEMPERATURE ANOMALY (°C) WITHOUT GREENHOUSE GASES NATURAL GREENHOUSE GAS 
LEVELS

RAISED MAN-INDUCED 
GREENHOUSE GAS LEVEL

HUMAN ACTIVITY ACCELERATING GLOBAL WARMING

The future of climate fluctuations depends on the intensity of greenhouse gas 
emissions into the atmosphere and how the Earth will respond to the increased heating. 
Uncertainties are due to the variability of the contributing factors: thermal expansion 
and melting of glaciers and ice caps. 

It is difficult to be precise about future climate change, but understanding patterns 
can give a general understanding of the direction of change. For example, the IPCC 
have developed projections for the world’s average temperature at the end of the 21st 
Century based on the average temperature change between 1850-1900. (Ministry for the 
Environment).

Climate Change

REDUCING GREENHOUSE EMISSIONS

UNCERTAINTIES
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“A CHANGE OF CLIMATE WHICH IS ATTRIBUTED DIRECTLY OR INDIRECTLY TO HUMAN ACTIVITY THAT ALTERS THE COMPOSITION OF THE 
GLOBAL ATMOSPHERE AND WHICH IS IN ADDITION TO NATURAL CLIMATE VARIABILITY OBSERVED OVER COMPARABLE TIME PERIODS.”

- UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE (UNFCCC)
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MELTING OF THE ICE CAPS AND GLACIERS

THERMAL EXPANSION

Global warming will accelerate the melting of glaciers and ice caps. Early in 2002, the 
Larsen B ice shelf in Antarctica collapsed over a two-month period. (NRDC, 2008). 
Studies of the Polar Regions, carried out by NASA, have shown that the polar ice caps are 
now melting at a rate of 9% per decade. Ice thickness in the Artic region has decreased by 
40% since the 1960s. The ice shelf’s area has also shrunk by 40% over the past 20 years. 
(NRDC, 2008). 

In September 2007, the extent of Artic sea ice was seen at an all-time low, with a decrease 
of nearly 1.3million square kilometres less ice that the previous record set in September 
2005. Over the past 3 decades, more than 2.6million square kilometres of perennial sea ice 
has disappeared. (National Snow and Ice Data Center, 2007)

Global warming will indeed change the physical properties of ocean waters. Thermal 
expansion is caused when seawater expands due to higher temperatures and increased 
rates of heat absorption. Warmer water has a greater volume in comparison to cold 
water. Increasing ocean temperatures will expand the total ocean volume. As a result, 
the increased volume will cause the level of water in oceans to rise. (Roberts, 2013). In 
conjunction, with the melting of the Polar Regions, this could have severe consequences 
for the expectations of sea level rise. 

Between 1880 and 2012, the global average temperature warmed by 0.85°C. (IPCC 2014). 
The ocean absorbs 90% of heat added to the climate system. As a result, expansion of 
ocean water, which in combination with water from melting of ice sheets and glaciers in 
the Polar Regions, is causing sea levels to rise. (Ministry of the Environment 2014). 

Between 1901 and 2010, global sea level increased by an average rate of 1.7mm per year. 
Based on the increased greenhouse gas emissions for human activities, it is likely that the 
rate of sea-level rise has increased since the early 20th Century. The IPCC Fifth Assessment 
Report shows the rate of global average sea-level rise increased to approximately 3.2mm 
per year over the period from 1993 to 2010. 

Sea-level rise will have a significant effect on coastal margins with higher levels, altered 
ocean currents and changes to wind and wave patterns. Warmer water will evaporate 
more quickly, leading to frequent cloud formation, increased rainfall and more violent 
storm conditions. For low-lying coastal areas, these conditions will increase flooding 
frequency and levels. 

ABOVE: RELATIONSHIP BETWEEN SEA-LEVEL RISE AND THE COASTAL CITY. UNION OF CONCERNED SCIENTISTS 2013. 

SEA-LEVEL RISE

ABOVE: ICE COLLAPSE ON THE LARSEN B ICE SHELF IN ANTARCTICA. JANUARY-MARCH 2002. 

sea level rise

Sea level sets a baseline for storm surge - the potentially 
destructive rise in sea height that occurs during a coastal 
storm. As local sea level rises, so does that baseline, 
allowing coastal storm surges to penetrate farther 
inland. With high global sea levels in 2050 and 2100, 
areas much farther inland would be at risk of being 
flooded. The extent of local flooding also depends on 
factors like tides, natural and artificial barriers, and the 

contours of coastal land. 
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Sea-level rise will allow waves to penetrate further inland, even 
during calm conditions. As a result, the potential for erosion 
will increase as currents continually affect sediment along the 
shoreline edge. 

Increased storm frequencies along with rising sea levels will 
allow water to reach further inland, inflicting catastrophic 
damage to homes and infrastructure. The changing climate will 
intensify storm conditions, which will certainly threaten low-
lying landscapes and urban areas. 

If sea-level rise accelerates, many low-lying coastal land areas 
will be submerged in the near future. This would threaten many 
existing properties and structures, and change the shape of 
future coastal development. Health risks will also be a concern as 
unsanitary environments develop through inundation. 

Increased storm frequency as well as permanent inundation 
will allow saltwater to increasingly reach further into coastal 
groundwater sources as sea levels rise, increasing the salinity of 
freshwater used for drinking and agriculture. 

SHORELINE EROSION AMPLIFIED STORM SURGES PERMANENT INUNDATION SALTWATER INTRUSION

Impact of sea-level rise
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The coastal zone plays an important role in the life of most New Zealanders. As a coastal 
city, a majority the population lives within close proximity to the coast. In 2006, statistics 
showed that 65% of New Zealand’s total population lives within 5km of the coast. In 
Auckland, 96% of 1.42 million local residents are within 5km of the city’s coast. (Statistics 
New Zealand, 2006).

The coastal experience is often considered an essential component of the New Zealand 
lifestyle. It offers a unique experience, converting periodic visitors to long-term residents. 
The desirable coastal lifestyle escapes the pressures of the city and other heavy business 
sectors, offering a relaxing and pleasant atmosphere. Coastal environments provide 
numerous opportunities for recreation and social interaction. Residents share the desire 
of this unique coastal lifestyle, which often brings communities together. Social ties, in 
turn, are important to overall health and wellbeing of societies of all ages. 

For most New Zealanders, the coastal environment offers a special sense of place, often 
defining a community’s belonging and identity. Places are unique and valued by people in 
ways that cannot be captured through desktop analysis. Social wellbeing can be divided 
into the two categories: ecological surrounding and economic productivity. 

Social values not only determine how people respond to environmental changes, but also 
are affected by environmental and economic changes. (Graham et al., 2005). Therefore, 
the growth potential of coastal investment and standard of coastal ecosystems will 
influence the quality of life within the coastal context.

The various amenities that New Zealand’s coastal environment offers often overshadow 
the reality that these rich ecosystems are extremely fragile. Sea-level rise will most 
likely be one of the several issues that New Zealand’s urban areas will need to address 
during the 21st Century. On-going erosion, flooding and permanent inundation will 
threaten communities, and force a retreat if communities cannot adapt to the changing 
environment. Sea-level rise will disconnect the values that societies hold closely to the 
coastal environment.

Over the years, waterfronts were traditionally utilized as areas of shipping and industry. 
These productive coastal areas were influential on the contextual development of the 
city, which has evolved into the cities people live in today. These areas have often been 
recognized as the birthplace for many of today’s flourishing cities. 

Over time, the reduction of industrial activity along the city’s coast has encouraged social 
activity within the city and has encouraged people to rethink what to do in these prime 
industries. Today, many cities have transformed waterfront areas with the purpose of 
highlighting the tourism industry, which encourages the development of a variety of 
businesses. 

In New Zealand, the changing environment could challenge the sustainability of 
agriculture, forestry and fishing which contributes over 50% of New Zealand’s total export 
earnings. (The Treasury, 2012). Changes in the climate could hinder the efficiency of these 
coastal industries while storm surges could even question their existence. 

The social wellbeing opportunities and amenities that coastal areas offer have increased 
long-term residential demand. As a result, the demand for coastal housing in contrast to 
an inland location can show a vast difference in price. Coastal accommodation is an ideal 
location for many in New Zealand as it offers close proximity to recreation and leisure 
activities, pristine coastal environments and restaurants and cafés. 

Communities have invested in a particular lifestyle, which is under threat from gradual 
sea-level rise and an increased frequency of storm surges. The issue will surely affect the 
value of coastal housing and businesses, which has been revealed through many of the case 
studies. Damage from storm surges could demand expensive rebuild, while permanent 
inundation would even force communities to retreat from their coastal location. 

For New Zealand, the coastal environment is a unique asset that has allowed many of 
our industries to flourish. The country relies predominantly on many coastal industries, 
which makes sea-level rise an intimidating idea.

SOCIAL ENVIRONMENTECONOMIC
The coastal environment is a valuable ecosystem, sustaining the life of many interrelated 
species. In New Zealand, a diverse range of endemic flora can be found along the coastline, 
which attract many native birds and other fauna. For many areas along the coastline, 
the pristine natural environment is desirable by many groups for its social wellbeing 
opportunities as well as the ability to support coastal industries. 

Coastal environments can refer to many different types of ecosystems – estuary, river 
delta, marsh, wetland, coral reef, rocky littoral, glacial, muddy beach, sand dune, mangrove 
swamps and coastal forests. Each of these coastal environments have a specific biotype, 
which is often complex and diverse. On both macro and micro scales, these environments 
are vital for sustaining its particular niche, as well as the wider urban ecology. 

In New Zealand, the coastal environment is important for the growth of local economy. 
Tourism, as an important industry in New Zealand, is heavily dependent on the 
wellbeing and quality of the environment. The Hauraki Gulf Marine Park is a rich aquatic 
environment with an area of 4000km2.  The park has approximately 25 species of marine 
mammals. Nearly a third of the world’s marine mammal species live in or visit the Marine 
Park. Many of the islands in the Hauraki Gulf are unofficial bird sanctuaries, holding 
important or critically endangered species like the kiwi, takahe, brown teal and grey-
faced petral. (Grant-Mackie, 2005). The Hauraki Gulf Marine Park is an exceptional 
region, which is frequently offered to tourists for recreation and leisure. 

Sea-level rise, along with local changes to temperature will change ecosystem patterns. 
Increase in temperature will affect plant and animal physiology, abundances and 
distributions. (Kennedy et al., 2002). Along with storm surges, sea-level rise will affect 
shallow continental margins, including flooding of wetlands and accelerated shoreline 
erosion. Many species are sensitive to even minor temperatures changes. The major 
biological change resulting from higher temperatures in coastal waters may be altered 
distributions of coastal organisms along the coastal environment. In New Zealand, this 
could affect fisheries and tourism as some species are lost from a particular region or as 
others arrive.

“we often talk about love of place, but seldom how places love us back, of what they give us. They give us 
continuity, something to return to, and offer familiarity that allows some portion of our lives to 

remain collected and coherent.”

Desire for the coastal Lifestyle

22





Following the structure of the proposed methodology, case studies will visually 
represent the effects of sea-level rise, which have been revealed through initial research. 
The study will look at an extensive range of coastal cities around the world, which 
have experienced the effects of sea-level rise and will likely face even more threatening 
conditions in the future. The key outcome of this analysis will be to reflect on the 
instabilities that a changing climate can impose on coastal urban areas in relation to 
important social systems, environmental integrity and local economy. The following 
cities have been chosen for their ability to meet these criteria.

Case study analysis

INTERNATIONAL CONTEXT
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Mumbai is the largest and most economically important city in India with 20.5 million 
people. The capital city is highly vulnerable to sea-level rise. The most vulnerable are the 
approximately one half of the city’s residents who live in ‘slum’ communities, many of 
which are located in low-lying flood prone areas. 

SOCIAL

Mumbai is acknowledged as the commercial capital of the country and is one of the 
most industrialized cities in India, contributing about 13% of national industrial output. 
(Asthana 1994). Agriculture is the highest contributor to the Indian economy and employs 
64.14% of the people. Sugarcane yield is important to Mumbai’s export market, and sea-
level rise projections could force a decrease by at least 30%. (World Bank, 2008).

Saltwater damage and warmer ocean temperatures affect a number of rich coastal 
ecosystems in Mumbai. For the capital city, the natural environment is closely linked to 
the local economy. Damage to plant systems along the agriculture-dominated coastline 
would threaten the growth of local economy.

ECONOMIC

ENVIRONMENT

For the state of Maharashtra, a sea-level rise of one metre will inundate 0.18% of the 
local population, which adds up to 1.3million affected lives. (Dodman & Satterthwaite, 
2009). Global population patterns could face extreme changes in the future if Mumbai is 
rendered uninhabitable and forced to relocate its people. Inundation could also increase 
health risk for local communities, where struggling health facilities would be challenged.

MUMBAI, INDIA



NEW YORK, USA

Climate change will pose significant threats to New York’s communities and infrastructure. 
Hurricane Sandy displayed the effects that extreme storm events can have on New York 
City. The east coast city is vulnerable to climate threats both now and in the future. 

SOCIAL

In 2012, Hurricane Sandy hit the east coast of the United States. New York’s economy was 
severely affected by the storm with excessive damage to transportation facilities, thousands 
of houses and important businesses. The economic loss across the metropolitan area was 
estimated to be roughly 18 billion USD.

Air quality becomes a concern following flood events as sediment deposited by floodwaters 
on city streets and sidewalks dry up and is spread into the local atmosphere by vehicles. 
Due to excessive amounts of water from flooding, storm water is discharged into New 
York’s harbour, where contaminated waters affect a diverse group of aquatic species. 
(Environmental Health Perspectives, 2013).

ECONOMIC

ENVIRONMENT

People’s experience with Hurricane Sandy, as well as the coverage in digital media 
broadcasted across the globe, has changed the perception of coastal living in New York. 
Threats to the lifestyle on the coastal region have encouraged discussion and planning for 
expected sea-level rise to ensure the long-term survival of the city.



SOCIAL

Most industries and factories in Dhaka, at different scales, are affected by inundation. 
Industries popular for their contribution to the local economy in Bangladesh (e.g. 
garments, textiles, leather, timber and furniture, and food and agro-based industries) 
usually discontinue their operations following flooding. As a result, these export 
industries often fail to meet shipment deadlines in both the local and international 
markets. Following the flood of 1998, the total loss to large-scale industry in Dhaka was 
equivalent to 40 million NZD, while the loss to small and medium sized industries in the 
city was 50 million NZD. (Dodman & Satterthwaite, 2009). 

As a developing city, managing flooding and storms is a challenging task. Storm surges 
often leave coastal areas of Dhaka inundated for long periods of time, where saltwater 
damage affects agriculture efficiency as well as important natural ecological processes. 
Sedimentation from erosion along the shoreline edge pollutes coastal waters, which 
threatens the survival of aquatic species.

ECONOMIC

ENVIRONMENT

Around 40% of Dhaka’s populations live in ‘slums’. Livelihoods depend heavily on industry, 
the transport sector, retail services and construction. These communities are severely 
affected by floods. During the 1998 flood, 7.2% percent of people had changed their 
occupation while 27.4% were unemployed. (Dodman & Satterthwaite, 2009). In Dhaka 
and many other cities in Bangladesh, social-wellbeing is closely dependent on the health 
of the economy. Locals invest a majority of time to ensure the success of agriculture, 
which is often located in coastal areas of Dhaka. Damage from storms and the idea of 
permanent inundation could threaten the lifestyle of local residents.

DHAKA, BANGLADESH

Dhaka, the capital of Bangladesh with 13.1 million people, is a low-lying megacity at a 
minimum of 2m above sea level. 20km2 of land in Dhaka is more than 8m above mean sea 
level; about 75km2 is between 6-8m and 170km2 is below 6m. (Dodman & Satterthwaite, 
2009).



VANUATU

The Pacific Islands might be reported as some of the first cases where the reality of 
sea-level rise will be displayed. Many of the islands have implemented minimal coastal 
defense, if any, to retain the important connection to their clear coastal waters, which 
have driven the local tourism industry. 

SOCIAL

Sea-level rise along with storm surges are changing the perspective of coastal tourism in 
Vanuatu, as well as several other islands in the Pacific. Tourism is the largest industry for 
these islands and is heavily dependent on its pristine coastal environments. Degrading 
coastal environments, and gradual sea-level rise could change the tourism industry in 
many of the Pacific Islands.

Climate change will dramatically change the shape and quality of the natural coastal 
ecosystem, which has been a key asset for the islands in the Pacific. Warmer temperatures 
will challenge the survival of aquatic species. Species decline in the reef will affect popular 
coastal recreational activities, which have attracted tourists for years.

ECONOMIC

ENVIRONMENT

Cyclone Pam damaged 90% of housing, including vital supplies of food and water. 
Infrastructure supporting life in Vanuatu was destroyed by the tropical storm. The 
experience shocked the people of Vanuatu, some of whom were still recovering from 
Cyclone Uma in 1987, which caused 200 million NZD worth of damage. (World Health 
Organization, 2015). Reports confirm 11 fatalities from the impact of the cyclone while 
the 160,000 residents that survived face life-threatening risk from lack of food and safe 
water as well as growing disease outbreaks and struggling health facilities. (World Health 
Organization, 2015).



SOCIAL

Increased temperatures are threatening Shanghai’s economy, in particular the local 
fisheries and tourism market. Scientists have discovered that the local fish do not flourish 
in warmer waters, forcing a decline in economic productivity along the Yangtze River. 
Extreme weather, in particular typhoons, has also influenced the decrease in tourism at 
Shanghai. 

The warmer temperatures that climate change has brought about have changed the 
entire ecosystem of the Yangtze River. Warmer water has challenged the survival of local 
fish, forcing migration of species. Gradual sea-level rise has also increased erosion activity 
at the river’s edge. 

ECONOMIC

ENVIRONMENT

Shanghai’s population is already large at 23.9 million and continues to grow rapidly. 
When this trajectory comes together with projected sea-level rise, this exacerbates the 
land subsidence and puts greater numbers of people in concentration within areas that 
are flood prone. (Liu, 2011). This increases the risk of large-scale disease outbreak, as well 
as the direct threat to the lives of Shanghai’s people.

SHANGHAI, CHINA

Shanghai is one of the world’s largest seaports and a major industrial and commercial 
center of China. The district covers 6185km2, which includes the city itself, surrounding 
suburbs and an agricultural hinterland. Shanghai’s elevation is only 3m to 5m above sea 
level and average 4m. (Dodman & Satterthwaite, 2009).



RIO DE JANEIRO, BRAZIL

Rio de Janeiro is a coastal city of 10 million people located on the southeastern coast of 
Brazil and covers an area of 1171km2. The city is popular for its unique culture and tourist 
beaches. (Dodman & Satterthwaite, 2009).

SOCIAL

Sea-level rise converges with the tourism industry of Rio de Janeiro. Climate change will 
likely increase erosion of Rio de Janeiro’s narrow beaches, which the city have relied on as 
popular destinations for tourists.

The city is well known for its beautiful beaches and the granite hills that rise dramatically 
from sea level to more than 1000m. Yet Rio de Janeiro faces significant environmental 
sustainability challenges, which will intensify by potential climate changes. The receding 
coastline threatens life of important species in the rich beach ecosystem.

ECONOMIC

ENVIRONMENT

Coastal zones are lined with housing to encourage close proximity to the beach 
environment. Many of these dwellings are not adapted for even minor increments in sea 
level and leave these coastal communities vulnerable to climate hazards, threatening the 
desired lifestyle in these zones.





By analysing the effects of sea-level rise on various coastal cities, it is clear that the 
changing environment will inflict an extensive range of issues. As revealed through the 
case studies, sea-level rise threatens to change the shape and form of coastal urban areas. 
Although each city is characterised by a unique way of life, they all incorporate significant 
environmental, economic and social systems, which support life in the local context. In 
each city, sea-level rise has intimidated the long-term sustainability of these important 

systems. The changing coastal environment questions the future sustainability of 
the cities as well as the way in which these cities may function. Many of these cities 
accommodate vast population numbers. If sea-level rise accelerates, population patterns 
around the world could potentially face dramatic changes in the future, leading to crucial 
changes in local and global economy as well as environmental integrity. 

From the case study analysis, sea-level rise could affect cities in 1 of 3 scenarios. These 
scenarios are based on the geographical location of cities and determine either the 
opportunities or constraints surrounding the capacity for cities to implement adaptation 
strategies. While the scenarios are described through site-specific case studies, it is 
important to understand that many coastal cities can be categorised into one or more of 
these scenarios.
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COAST CENTRE | MELBOURNE
Inland coastal cities, often defined by the proximity to local rivers and streams, will face 
the effects of gradual sea-level rise as global waters continue to rise. Retreat from coastal 
zones often fail to recognise the nature of water systems and the existing networks that 
connect ocean waters into inland channels. 

It is seen in cities like Hamburg, that sea-level rise may extend inland through water 
channels and affect a broader range of coastal cities. Hamburg is situated along the Elbe 
River, which connects the city to the North Sea. While the river is an important resource 
for transportation, shipping, recreation and environmental diversity, increased water 
levels will threaten the coastal city as oceans spread through the channel and canals and 
threaten not only Hamburg but also a range of towns and cities along the Elbe. 

The Elbe River provides opportunities for the development of Hamburg and other 
coastal cities. Hamburg Harbour is the central hub for trade with Eastern and Northern 
Europe. As a container harbor, it is ranked 2nd in Europe and 7th in the world. Its inland 
location allows rail, water and motorway connections to be easily accessible and efficient. 
It could be argued that Hamburg’s rich coastal economic system is a key element in the 
city, heavily dependent on its prime location. Hamburg depends heavily on it’s coastal 
industries, making the city more vulnerable to flooding.

Sea-level level rise along established coastal cities will pose significant threat. A majority 
of lifestyles in the coastal city are kept local, and often define a unique character and 
sense of place. In many scenarios, wealth is often displayed by the proximity to the coastal 
centre, which is a popular destination where communities work and play. Sea-level rise 
may threaten important coastal industries, and force cities to consider the relocation of 
housing and business, most commonly inland on higher grounds. 

Melbourne is a good example of the cities spatial layout in relation to sea-level rise. Like 
many coastal cities, Melbourne’s urban sprawl originated from its ports, which allowed 
transport and trade, as well as the shipping of goods and services. The growth of the 
city has allowed industries to sprawl, reducing the pressure on the metropolitan area. 
In context of climate change, the city is capable of planning for adaptation to ensure the 
coastal city is protected from projected sea-level rise. 

Sea-level rise is expected to change the design of landscape and urban areas. For coastal 
cities like Melbourne, extreme measures may be required, such as a managed retreat. 
Planning new concentrated areas of work and play, further inland, may be a solution that 
mitigates gradual sea-level rise.

EDGE CENTRE | HAMBURG DISTRIBUTED CENTRES | BANGLADESH
Developing cities will experience sea-level rise at heightened levels. For many of these 
often small-scale cities, infrastructure and industries across different cities and towns are 
commonly shared along the coast. The coastal location is a prime location, predominately 
for its rich soils, which is suited for agricultural efficiency. In most cases, coastal areas 
are densely populated. Development is rarely seen further inland, and for this reason 
vulnerability to sea-level rise is a concern. 

Mitigating sea-level rise is difficult for distributed centers. The impacts of a changing 
environment will be felt commonly by local cities. The coastal cities of Bangladesh help 
visualize the spatial relation to the coastal environment. Laksham, Chittagong and 
Barguna are some of the many distributed coastal centres that will be affected. Climate 
scientists expect the rising waters in Bangladesh will displace 18 million people in the 
next 40 years. (Harris, 2014). It is unlikely that neighbouring cities will have the resources 
and capacity to sustain environmental refugees. 

Distributed centres will be required to plan for the future of the 21st Century, to ensure 
communities can either adapt or retreat from the threats of the coastal lifestyle. Planning 
will demand that the entire population of these countries work together to ensure their 
long-term survival.

Criteria for assessment
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GENERAL CONSEQUENCES OF SEA-LEVEL RISE
New Zealand is well known for its rich coastal environment - a popular destination 
for locals and visitors. Consequently, much of New Zealand’s urban development 
and infrastructure is located in close proximity of these coastal areas. New Zealand’s 
diverse topography situates many of these areas in low-lying conditions, making it 
vulnerable to coastal erosion and inundation by the sea and sea-level rise. 

The following changes are likely to occur as a result of climate change: 
•Existing coastal defenses are overtopped by waves or high tides more frequently

•Increased storm intensity and high storm surge levels

•Some sandy beaches may continue to accrete, but at slower rates

•Some gravel beaches, are more likely to erode

•Waves could be 15% higher by 2050 and 30% higher by 2100

•Areas with smaller tidal ranges may be threatened with the historic high tide mark 
exceeded more often

HAWKE’S BAYAUCKLAND

SUMMARY OF CLIMATE CHANGE IN AUCKLAND
Based on current knowledge (New Zealand Climate Change Office, 2008) and under 
moderate projections, it is likely over the next century that Auckland could experience:
 
•Hotter average temperatures, increasing between 0.2°C and 2.5°C by 2040 and 0.6°C 
and 5.8°C by 2090 (this compares to a temperature increase in New Zealand during the 
last century of about 0.7°C)

•An additional 40-60 days per year where maximum temperatures exceed 25°C, and 
more evaporation

•Lower average rainfall patterns (decreasing between -1% and -3% by 2040, to -3% and 
-5% by 2090)

•More drought conditions: By 2080, drought with a severity that is currently only 
encountered on average every 20 years, could occur as often as every five years

•More extreme weather events with more frequent heavy rainfall events, westerly 
winds and coastal storm inundation

•More frequent storm inundation and higher storm surge and waves

•Sea level rise – Auckland is presently tracking towards a rise in sea level of 80cm by 
the 2090s or 1 metre by 2115, but it could be lower or higher: 0.7 m or 1.85 m by 2115 – 
depending on ice-sheets.

As a consequence, this will create risks and uncertainties for the natural and built 
environment, biodiversity, the economy, and social wellbeing and health. Auckland 
will be required to adapt to the changing environment to ensure the long-term survival 
of the region, much like other vulnerable coastal cities in the world.

Hawke’s Bay is located on the east coast of the North Island. The region includes the hilly 
coastal land around the northern and central bay, the floodplains of the Wairoa River in 
the north, the wide fertile Heretaunga Plains around Hastings in the south, and a hilly 
interior stretching up into the Kaweka and Ruahine Ranges. The region consists of the 
Wairoa District, Hastings District, Napier City and Central Hawke’s Bay District. On a 
varied scaled, there are several towns and cities in close proximity to the open coast. 
Like much of New Zealand topography, the mountainous surroundings along the region’s 
border create a large flood plain along the coast. 

While a majority of the Hawke’s Bay region is undeveloped, the minimal development 
taken place has occurred along the immediate coastal edge. The location takes advantage 
of the many recreational opportunities available, creating desirable areas for investment. 
The working waterfront and operating port in Napier is a key asset for the transportation 
of goods and services, important to the vast agricultural landscape, which significantly 
supports the local economy of the region as well as the country. 

Five major rivers flow down into the coast of Hawke’s Bay. From the north, they are the 
Wairoa River, Mohaka River, Tutaekure River, Ngaruroro River and Tukituki River. As sea 
levels rise, these rivers cause severe concern for flooding and consequently accelerated 
erosion, which spans through the inland plains of the region. (Hawke’s Bay Regional 
Council, 2008). These rivers are an important environmental resource, contributing to 
the local and wider ecosystem. Sedimentation and contamination of these waters could 
challenge the survival of many species dependent on this resource.

Auckland lies between two harbours – the Waitemata Harbour to the north, which opens 
east to the Hauraki Gulf, and the the Manukau Harbour to the south, which opens west 
to the Tasman Sea. A majority of the city’s population live and work in close proximity to 
the coast and much of the regions early development, such as downtown Auckland, the 
port and major roads occurred on or near reclaimed land. (NIWA, 2011). 

The embayed and disconnected coastal environments of the east coast accommodates 
a majority of Auckland urbanization. The sheltered shores have a calmer wave climate, 
disturbed occasionally by tropical cyclones. The coastal environment of the east 
coast occurs as small pocket beaches, nestled in between headlands, with a few large 
embayments. (NIWA, 2011). In contrast, the open coast sand system of the west coast is 
a more natural environment with minimal development. Black titanomagnetite sands, 
pocket beaches nestled in between headlands, long wide dissipative beaches, inland 
dunes, 100m high coastal cliffs, river mouths and large tidal inlets with associated deltas 
are located along the 750km shoreline. 

Auckland may experience more extreme variability in its local climate in both the short 
and long term. The coastal city is likely to experience hotter average temperatures, 
changes in wind and rainfall patters, increased frequency of extreme weather events 
such as droughts and floods, and rising sea levels with higher storm surge waves. (IPCC, 
2014). Over the past 100 years, sea levels have increased 16cm. Sea-level rise is expected to 
accelerate coastal erosion in Auckland, with estimates for a receding edge of 10m for the 
east coast and 45m for the west coast over the next 50 years. (NIWA, 2011). 

sea level rise in new zealand
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WELLINGTON DUNEDINCHRISTCHURCH

The capital city of New Zealand is located near the North Island’s southernmost point on 
the Cook Strait. Wellington has a diverse coastal environment, from the more sheltered 
Kapiti Coast in the west, to the exposed Cook Strait, and the high energy Wairarapa coast 
in the east. The city encompasses a waterfront promenade, sandy beaches, a working 
harbour and historic timber houses on surrounding hills. 

Reports commissioned by the Greater Wellington Regional Council show Wellington has 
the highest rate of sea-level rise in New Zealand and highlight areas in the region that are 
vulnerable to coastal flooding over the next 100 years. Projections for the end of the 21st 
Century indicate the sea level in Wellington could rise by 1m by the 2090s. (Wellington 
City Council, 2012). 

The city is encapsulated by the wider mountainous landscape. The natural structure of 
the landscape encourages flooding in the highly urbanized city center. As a city with rich 
local culture, sea-level rise will have a range of social effects within the city. Recreational, 
cultural, historic and amenity values will be affected as gradual sea-level rise devastates 
important coastal architecture including the Central Railway Station, Old Government 
House, Central Library and Wellington Town Hall. The changing environment will 
challenge community wellbeing, posing severe political and social tensions. Private 
property and associated displacement will also impact local economy in Wellington, 
including the operating port area. 

Dunedin is the second largest city in the South Island of New Zealand, and the principle 
city of the Otago region. The city suburbs extend out into the surrounding valleys and 
hills, onto the isthmus of the Otago Peninsula, and along the shores of the Otago Harbour 
and the Pacific Ocean. The harbour and hills around Dunedin are the remnants of an 
extinct volcano. As New Zealand’s oldest city, Dunedin is well known for its Victorian and 
Edwardian architecture and its close proximity to amazing wildlife. 

The harbourside and south city area covers the most densely populated section of 
Dunedin. It contains a collection of important infrastructure such as wastewater and 
stormwater assets and key roads. It is estimated that the area has as asset value of 4.3 
billion NZD. (Dunedin City Council, 2014). This area is most vulnerable to sea-level 
rise in the medium to long term. The low-lying city could face a potential 1.6m rise in 
surrounding sea level by the close of the 21st century. 

In response to the changing environment, the Dunedin City Council has increased the 
minimum floor level for new houses and extensions. This will be one of the many adaptive 
techniques communities in Dunedin, as well as other cities, may have to resort to as sea 
levels gradually rise.

Christchurch is located on the east coast of New Zealand’s South Island, set in the 
Canterbury Plains. It is located near the southern end of Pegasus Bay, and is bounded 
to the east by the Pacific Ocean coast and the estuary of the Avon and Heathcote Rivers.

Christchurch is the largest New Zealand city to be built on a flood plain. Based on 
Tonkin and Taylor’s report commissioned by the Christchurch City Council, a majority 
of Christchurch’s eastern suburbs could be submerged by the rising sea levels within the 
next 100 years. 

The most significant impact of sea-level rise on Christchurch City will be the increased 
risk of storm inundation associated with the greater frequency of extreme tidal levels and 
seismic activity. The other main impact of sea-level rise is the progressive shoreline retreat 
of low-lying areas. (Christchurch City Council, 2013). As the climate continues to change, 
it is likely that some areas will face increased flooding and even permanent inundation, 
particularly around the lower Avon River. Stopbanks on the Avon flood plain currently 
provide adequate flood protection for most properties. (Ministry for the Environment, 
2008). However, high intensity storms of the future along with gradual sea level rise are 
likely to overthrow this defense mechanism.
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Climatic variables such as the amount of precipitation and warmer temperatures will 
affect the intensity of saltwater intrusion in freshwater aquifers. Increased surface 
temperature will accelerate evaporation, affecting the recharge of freshwater in coastal 
aquifers. This allows for the movement of saline water into freshwater aquifers, leading 
to the contamination of drinking water sources and other consequences. As sea levels 
gradually rise, the rate of saltwater intrusion is accelerated and can also be worsened by 
extreme events such as hurricane storm surges.

FRESHWATER AQUIFER

Saltwater intrusion into freshwater habitats could significantly affect ecosystem 
dynamics. Increased salinity can impact coastal ecosystems on a variety of scales from 
site-specific environmental changes to the broad scale alterations in the distribution of 
flora and fauna. Minor increments in chloride concentration can physiologically stress 
microorganisms, plants and animals and change behavior and abundance. (Joye Research 
Group, 2013).

MITIGATION

FRESHWATER HABITATS

Saltwater is also an issue where a lock (dam) separates saltwater from freshwater. Using a 
collection basin, saltwater can be pumped back out to sea. Some of the intruding saltwater 
is also pumped to the fish ladder to make it more attractive to migrating fish.

saltwater intrusion
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A seawall is a structure that is constructed along the coastline that 
defends the shore from wave action. As waves crash against the 
coastline, the structure reflects wave force back out to sea. Wave 
reflections often cause turbulent currents and increase the damage 
of storm surges. Beach stability is not promoted through seawall 
implementation, and on-going erosion processes are not resolved. 
Seawall construction is required along the entire shoreline edge 
to ensure the coastline is completely protected. As a result, 
accessibility to beaches is often more difficult if not restricted. 
Seawalls are known to disconnect coastal communities from their 
coastlines.

Groynes are hard structures constructed perpendicular to the 
coastline from the shore to the sea. The structure intercepts 
sediment as it travels along the coastline based on currents. As 
sediment is built up on one side, the structure often induces 
erosion on the other side. Typically, multiple structures are 
required along the coastline to gradually extend the width of the 
shoreline evenly. The structures are relatively easy to construct 
from various materials but are often built using wood or rock. In 
the event of a storm, the groynes are overthrown by the water’s 
velocity, providing no protection. (Jackson, 2011).

SEAWALL
GROYNES

Breakwaters are offshore concrete walls that break incoming 
waves offshore. As a result, the erosive power of waves is reduced 
when they reach the coast. Breakwaters are an effective technique, 
however they can be particularly vulnerable from storm damage.

Tidal barriers are big, retractable walls built across estuaries 
that can be used as a floodgate to prevent storm surges. It is 
considered an extreme solution, however it is hugely effective. The 
implementation of this technique is hugely expensive, but may be 
a requirement if coastal conditions escalate.

BREAKWATERS
TIDAL BARRIERS

hard engineering techniques
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GABIONS
Gabions are simply collections of rocks held together in a metal 
mesh. These baskets are placed at the base of a cliff in an attempt 
to minimize the impact of waves hitting the cliff. Gabions prevent 
the cliff from being undercut. They are not particularly effective, 
however it is a relatively cheap technique.

Revetments are structures built along the base of a cliff (commonly 
concrete or in some cases wooden). They are slanted and act as 
a barrier against waves, much like a sea wall. The revetments 
absorb the energy of waves, preventing cliffs from being eroded. 
Revetments can be modified so that they have rippled surfaces, 
which further help to dissipate the wave energy. Much like a 
seawall, revetments restrict public access to coastal areas, and are 
expensive to build.

Coastal riprap is a technique where rock and stones are placed 
against the base of a cliff. They are similar to gabions in their 
purpose, but they are not held together in a mesh. The rocks 
work together to minimize erosion by sea, rivers or streams and 
effectively fortify the coastal edge

REVETMENTS

RIP RAP
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Beach nourishment focuses on extending the coastal width by artificially increasing the 
quantity of sediment. The method requires frequent maintenance, as well as a consistent 
source of sediment. It is an immediate solution to nourish coastal environments. 
Economically it is inefficient with costs quickly running to millions. Ecologically, foreign 
sediment can harm existing habitats. Beach nourishment involves compacting introduced 
sediment on existing landscape, which limits oxygen availability, challenging the survival 
of a number of important organisms. (Jackson, 2011).

Land management is often used to help protect and rebuild dunes. Sand dunes act as 
a good barrier against coastal flooding and erosion, and can be exploited as a natural 
defense against the sea. To fulfill this purpose, dunes must be left relatively undisturbed. 
Boardwalks are constructed and sections of sand dunes are marked out of bounds to the 
general public in order to reduce the erosion of the dunes by human activity. (Jackson, 
2011).

BEACH NOURISHMENT

LAND MANAGEMENT

soft engineering techniques

MARSHLAND CREATION
Marshlands can be used to break down waves and reduce their velocity. The purpose 
of this technique is to reduce the erosive power of waves through a resilient device. 
Encouraging the growth of wetland vegetation, such as grasses, rushes or reeds, can 
create marshlands. Environmentally, marshlands form a transition between aquatic and 
terrestrial ecosystems, increasing the capacity of biodiversity. 
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The project began when Qinhuangdao Beach was recognized as an ecologically damaged 
environment, which hindered the social wellbeing of local residents. Gradual sea-level 
rise, along with frequent storm surges, influenced the decaying of coastal vegetation 
and accelerated the erosion of coastal dunes. The objectives of the project were to 
rehabilitate the damaged natural environment, promote recreation and tourism, and 
convert the former degraded coastline into an ecologically healthy and attractive 
landscape. Turenscape’s holistic approach demonstrates that landscape architects can 
professionally facilitate the initiatives of rebuilding a harmonious relationship between 
social wellbeing and the natural environment through ecological design. 

Responding to a changing environment, Turenscape wanted to naturally reclaim 
land along the 6.4km coastline as a long-term, cost effective strategy. Construction of 
several islets was installed with the purpose of effectively slowing down currents near 
shore. As water slows down, it is converted from an erosive state to a depositional state. 
Sediment picked up offshore in the fast water channel is deposited along the coast 
naturally as coastal waters progress to the shore. Naturally, this extends the width of 
the beach while the islets also provide protection from storm surges. 

In response to a degrading ecology, the alternative purpose of the islets was to 
provide an isolated habitat for a range of fauna, encouraging increased biodiversity. 
Restoration of a damaged wetland efficiently managed the stormwater from the wider 
catchment. Boardwalks through the wetlands encourage public interaction, where 
diverse vegetation creates a memorable and scenic experience for locals and tourists. 

Turenscape’s approach to coastal management demonstrates new ways of thinking. 
It gives new perspective on mitigation. Working with natural coastal processes, as 
opposed to traditional engineered methods of defense, can produce outcomes that 
benefit the landscape and its people. 

Turenscape
Qinhuangdao City, Hebei Province, China

QINHUANGDAO BEACH RESTORATION: 
AN ECOLOGICAL SURGERY

strategy case studies

44



West 8 and Svasek
Belgium/The Netherlands

Rijkswaterstaat
The Hague, Netherlands

Facing a changing climate, West 8 and Svasek developed a plan that incorporates an 
agenda for safety, and the necessity of new land. A new perspective is proposed for the 
metropolis where a series of new, sprayed-up sand islands, off the coast of Belgium and 
the Netherlands, will be developed. The 150,000ha dune islands will break increasing 
waves. Ingenious engineering of gullies have been implemented with the purpose of 
lowering sea level during northwestern storms. 

The biggest of the islands, Hollandsoog is roughly 150,000-200,000ha in size. On this 
island, a broad representation of the community will be able to purchase a lease. The 
landscape provides several leisure and recreation opportunities within an exciting 
natural experience. While the islands are designed to mitigate threats from rising sea 
levels, it promotes the extension of local culture and incorporates economic growth 
and biodiversity. The strategy works together to provide a resilient response to the 
demand for adaptation. 

Over an 8-month period, Rijkswaterstaat and the provincial authority of Zuil-Holland 
developed a hook-shaped peninsula. It extends 1km into the sea and is 2km wide 
where it joins the shore. Dredgers relocated 21.5 million cubic metres of sand from 
10km off the shore, and distributed the sediment to form the artificial peninsula. The 
construction of the Sand Motor was completed in November 2011. 

The man-made peninsula will be used for the preservation of the coastline of South 
Holland. The forces of nature, such as waves, wind, water and tides, will gradually 
spread the sand along the coast. Building with natural coastal processes results in 
the natural replenishment of beaches and dunes, opening up new opportunities for 
nature and recreation at the same time. If the Sand Motor fulfills expectations, no 
beach nourishment will be required for the next 20 years on the coast.

HAPPY ISLES

ZANDMOTOR: ‘THE SAND MOTOR’
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It was the devastating aftermath of Hurricane Sandy in 2012 that demanded the 
discussing and planning of coastal protection along the eastern coastline. The 
objectives were to primarily protect the immediate coastline, as well as improve the 
physical, social, economic and ecological resilience of communities throughout the 
affected region. 

Following in depth research and collaboration with communities along the affected 
region, West 8 developed a new and innovative strategy to protect the east coast, 
which they call ‘The Blue Dunes’. The green response to coastal defense proposes 
a series of new offshore islands off the coast of New Jersey and New York, which 
could lower the impact of storm surges by dramatically reducing the velocity of storm 
surges. 

The development of these dunes serves to protect coastal communities through a 
cost effective method. The offshore dunes meant 2700km of seawall is no longer 
required to protect the extent of the region, where accessibility across numerous 
coastal areas would be challenging. Instead, recreation and wellbeing opportunities 
are encouraged in a rich coastal environment. 

Coastal ecosystems are heavily impacted by development and storm surges. Hurricane 
Sandy affected a large portion of fresh water habitat along the east coast. The barrier 
islands restore some of that affected ecology, providing isolated habitats in the open, 
blue ocean, where numerous niches are home to a variety of species. Near shore, the 
islands enclose water and create a safe area focused on the growth of coastal aquatic 
populations. 

As a coastal protection strategy, the Blue Dunes display a holistic approach. It focuses 
on all the key aspects to achieve the intended outcomes. The strategy provides new 
ways of thinking and approaches to resolve coastal issues in light of a changing 
climate.

West 8
New York / New Jersey

THE BLUE DUNES

strategy case studies
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Guy Nordenson & Associates and Catherine Seavitt Studio
New York

As seen in digital media, New York’s buildings and structures, as well as its people, 
are highly vulnerable to flooding. Palisade Bay is the collaborative initiative, 
including architects, landscape architects, planners and engineers to imagine ‘soft-
infrastructure’ development in the New York and New Jersey Upper Bay area. The 
strategies follow the idea of using techniques from nature and ecology to protect the 
city. 

Scaling the extent of the region, analysis located abandoned wharfs and spaces 
along the coast of the metropolitan area. The concept was to give purpose to these 
spaces by developing soft infrastructure to manage rising sea levels. The idea of soft 
infrastructure is to use techniques from nature and ecology to improve resiliency. 
Environments that are more resilient recover faster after storms, and greater resiliency 
reduces the velocity of and damaged caused by the water’s surge. Financially, it 
provides a cost effective strategy as opposed to expensive engineering structures. 

Improving water quality and wetland ecology will improve the area’s resiliency to 
storm events. If water can be absorbed in wetland areas, it has a place to go. It can 
be drained into the earth instead of rebounding from a seawall. There may still be 
flooding, but the amount of damage will be much less.

ON THE WATER: PALISADE BAY
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Resilience refers to the ability of an ecosystem to withstand and, to some degree, 
absorb the effects of sometimes unpredictable and sudden changes to prevailing 
environmental conditions while still maintaining the majority of its structures 
and functions. Occasionally, such changes may result in a reorganization of the 
system’s structures and functions into a new, or alternative steady state. As such, 
resilience implies transformative capacity, and straddles the tensions between 
stability and perturbation, constancy and change. (Reed & Lister, 2014).

Here, creative instabilities are invoked, and multiple states (of being) are possible, 
even within the same space or territory. Piscine occupation of dissimilar ecological 
space or horticultural occupations of varying geologic and hydrologic territories; 
the mapping and projection of fluctuating urban and hydrologic choreographies; 
appropriation of four-dimensional modeling techniques that simulate and project 
reciprocal growth and flow strategies; and the design of places and cities that 
can have very distinct and very different futures – yet still demonstrate their 
formational principles – are all brought into play. (Reed & Lister, 2014). 

Resilience
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The term resilience has many definitions in academic discourse. When applied to social 
entities such as societies and organisations, resilience refers to “the ability to resist 
disorder to continue its existence, or to remain more or less stable, in the face of surprise, 
either deprivation of resources or a physical threat”. (Fiksel, 2003). Resilience can then 
be considered the opposite of vulnerability, as it emphasizes the ability to cope with 
disturbance and provides insights on what makes a system more or less vulnerable.

Engineering  resilience can be depicted by a global equilibrium (ball resting at the bottom of the slope). When the system is disturbed (ball moves up the side 
of the slope), resilience is defined as the amount of time for the system to return to the equilibrium state. Ecological resilience is defined as the amount of 
disturbance that the system can absorb without changing state and is measured as the width of the stability domain. (Holling, 1973). 

Resilience can be divided into two states – engineering and ecological. Engineering 
resilience is defined as “the duration to bounce back to a ‘normal’ condition following 
some shock or disturbance”. (Holling, 1973). Ecological resilience is defined as “a measure 
of the amount of change or disruption that is required to transform a system from being 
maintained by one set of mutually reinforcing processes and structures to a different 
set of processes and structures”. (Holling, 1973). Returning to a ‘stable state’ following 
disturbance becomes irrelevant as ecologists assume there is no such thing in complex 
systems. 

Although the duration of time to return to an equilibrium state is important, ecological 
resilience focuses on fluctuation and on what happens when systems are on the verge of 
moving towards another stable state. (Comfort et al., 2010). Acknowledging resilience 
should be a key component in the design so that management processes of systems can 
be improved through the ability to adapt and change.

WHAT IS RESILIENCE?

RESILIENCE THROUGH ECOLOGY

ENGINEERING RESILIENCE VS. ECOLOGICAL RESILIENCE

Until the 1970’s, ecology defined the natural world as a stable system. It was then that this 
focus shifted to understanding instability and dynamics in nature, leading to a new way of 
thinking around natural systems. (Scoones, 1999). One of the fundamental assumptions 
of Holling’s resilience theory was that ecosystems may be defined as complex systems and 
that the dynamics in the system are non-linear as traditional models presumed. 

To deal with the changing patterns and surprises in ecological systems, such as storms, 
Holling introduced the concept of resilience as the ability of a system to absorb disturbance 
and still retain its basic function and structure. To maintain control, resilience manages 
change and shock, to meet current demands without eroding future needs. The more 
resilient a system is, the more disturbances it can absorb. Therefore, resilience is closely 
linked to survival. A community with low resilience has limited sustainability and may 
not survive for a long.

51



Adaptability is the capacity to adapt to ecosystem dynamics and the resulting 
changes that normally occur in any living system; the capacity for learning and 
transformation are fundamental attributes. For actors in a given system, it can 
also refer to their ability to manage that system’s resilience, either by moving the 
system toward or away from change thresholds, or by altering the underlying 
features of the system within its current state. (Reed & Lister, 2014). 

Here, an ongoing set of prompts, interventions, and triggers renew or redirect 
processes-in-action; design has agency and intention in the act of redirecting, 
but it in no way is fully controllable – the mechanics at work are autonomous, 
independent. In this way, the designer becomes a producer or curator of effects, of 
dynamics, and of a whole range of social-environmental-urban conditions. (Reed 
& Lister, 2014).

adaptability

52



The idea of adaptability is closely linked to resilience.  It determines the capacity of a 
socio-economic system to learn, combine experience and knowledge, adjust its response 
to disturbance and continue its primary function. Adaptability can be understood as 
the variables that influence resilience. Adapting socio-economic systems to deal with 
challenges, including uncertainty and surprise, innovate and transform these systems 
in trajectories that sustain and enhance ecosystem services, societal development and 
human well being. (Folke et al., 2010). Adapting coastal urban areas is important to 
ensure communities are less vulnerable to disturbance from gradual sea-level rise and 
storm surge.

ADAPTABILITY THEORY ADAPTIVE CAPACITY MITIGATION VS. ADAPTATION
Adaptive capacity is the inherent ability of a system or population to undertake actions 
that can help to avoid loss and accelerate recovery from the impact of climate change. The 
key elements of adaptive capacity include knowledge, institutional capacity, and financial 
and technological resources. (Dodman and Satterthwaite, 2009). The extent of adaption 
is dependent on the resources made available for urban areas under threat. Low-income 
populations will tend to have a lower adaptive capacity than high-income populations 
due to the inability to cover expenses. This will surely determine how vulnerable systems 
(social, economic and envrionmental) are in the event of disturbance and shock. 

Mitigation focuses on the reduction of greenhouse gas emissions and other measures 
to reduce global warming. The approach results in avoiding the adverse impacts of sea-
level rise in the long run. Adaptation reduces the unavoidable impacts in the near term, 
but cannot completely negate the effects. The failure to mitigate will eventually lead to 
failure of adaption. As a global issue, most of the coastal cities at greatest risk from sea-
level rise are not those that largely contribute to greenhouse gases. Failure to mitigate 
in established nations will increase adaptation failures in lower income nations – many 
nations with insignificant historic and current contributions to climate change. (Dodman 
and Satterthwaite, 2009).
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Ecosystem dynamics are the normal pattern of observed changes to prevailing 
ecosystem conditions, functions, and their related ecological structures. As the 
consequence of complexity inherent in living systems, the dynamics are inevitable 
and to some extent, unpredictable as to the time and scale of occurrence. (Reed & 
Lister, 2014).

But operation dynamics and choreographies also extend to (designed) landscapes 
and entire cities, and they hint at the blurring, overlap, interdependence and/or full 
hybridization of environmental and urban systems. The scoring of pedestrian and 
human movements analytically or projectively; the productive alignments of bird 
and bee behaviours with building and flood-scale infrastructures; the movements 
of waste and resources and pollution and water across large metropolitan harbours; 
and inventive ways to record and project the movement of individual agents 
across read and fictional topographies together form an expanded array of ways in 
which the world is constructed and depicted from a movement, performance, and 
operational standpoint. (Reed & Lister, 2014).

dynamics
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Landscape change can be defined as “the alteration of structure and function over time 
through their interaction and mutual influences”. It is an important concept embedded in 
several theories including holism, complexity theory and general systems theory, which 
emphasise the interrelationship of landscape change and human activity. (Musachhio et 
al., 2004). 

Ecology explains how all life on the planet is so deeply bound into dynamic and complex 
networks of relationships. (Corner, 1997). Acknowledging the interrelated nature of 
ecology sets a new standard for management, which requires designers to holistically 
approach issues. Ecosystem dynamics offers a field of interdisciplinary research focused 
on landscape change, which investigates non-linear systems and processes.

Across the long-term study of ecosystem dynamics, it is expected that natural endogenous 
changes will likely occur. Observed changes may not be solely reflective of human-induced 
or other external influences, but instead represent the natural long-term dynamic, 
which the system unavoidably experiences. (Fath & Müller, 2010). Therefore, ecosystem 
management must acknowledge these expectations and understand that the aim might 
not be to preserve a system in its current state, but to allow the range of natural dynamics 
to occur, to allow systems to follow its self-organizing trajectory. (Fath & Müller, 2010).

ECOSYSTEM DYNAMICS
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“Antifragility goes beyond robustness; it means that something does not merely 
withstand a shock but actually improves because of it”

- Nassim Nicholas Taleb



THE ANTIFRAGILE FRAMEWORK
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Sustainability framework: 
influenced by the antifragile
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ADAPTABILITY

Sustainability can be defined in numerous ways, but most interpretations involve a 
particular focus on human requirements and values, with emphasis on the future. The 
concept focuses on solving problems and meeting challenges to address symbiosis 
between human activity and the environment. (Childers et al., 2014). As a guideline, 
sustainability is supposedly produced from a general overlap of social, environmental 
and economic components of urban areas to ensure a sustainable future. However, 
this framework has overlooked the important idea that urban areas are part of an 
ecosystem. Holling defines ecology as a complex non-linear system, which defines 
urban areas as ever-changing elements through either internal or external influence. 

Looking back at the history of urban areas, it is clear that cities have developed and 
grown based on several influences, from the age of industrialisation through to the 
contemporary industry of tourism. From analyzing the city’s development over time 
we can conclude that cities are continuously changing. A range of variables can 
influence this transition, but the city’s resilience capacity will determine if this change 
is advantageous or adverse and define the level of adaptation required. 

This creates the demand for the development of a preliminary framework to guide 
the transitioning nature of urban ecology into a trajectory that is productive and 
beneficial. This new framework incorporates the concepts of resilience, adaptability 
and dynamics. Together, this framework works to maximize flexibility and change, 
while ensuring vulnerability is minimized. 

Climate change and sea-level rise will significantly change the shape and development 
of urban areas, and will surely force our cities to transition into a new state. It is an 
issue many coastal cities will face during the 21st century, if not already. To plan for 
this future, the issue extends from the labs of scientists to a magnitude of different 
practices. The new framework provides a concept that can drive projects from analysis 
through to design.

ECONOMIC ENVIRONMENTAL

SOCIAL
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Population: 1449
Catchment: 4190ha

Dwellings: 1710

KEY SETTLEMENT AREAS:
- MATAKANA
- OMAHA FLATS
- POINT WELLS
- BIG OMAHA
- WHANGATEAU
- OMAHA
- TI POINT
- MATHESON’S BAY

whangateau harbour
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TAWHARANUI 
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whangateau harbour



SCENARIO 1

SCENARIO 2

SCENARIO 3
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Topography
The topography of the region encourages a large amount of flooding to occur in the event 
of a storm. Storm tides dramatically increase high tide levels, allowing water to spill into 
low-lying developed areas. In relation to the altering of frequency, extent and magnitude 
of coastal inundation through climate change, the communities located in the flatlands 
are at severe risk as sea levels increase. 

An increase in the average sea level will allow the gradual advance of seawater at high 
tides on the low-lying areas of the region. Unless defensive measures are considered and 
implemented, these inundated low-lying areas will inevitably become a permanent part 
of the coastal system. 

To visualise the extent of vulnerability, scenarios were generated to map areas susceptible 
to flooding. Shown on the left are a 1m and 2m increment in sea level, and critical 
5m-storm tide. 
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Wind transports different sized grains of sand in the same way that water transports them. 
These tiny particles hang in the air and can be carried long distances. Larger particles stay 
closer to the ground but are still vulnerable to wind. Abrasion takes places when wind- 
blown sand scours rocks and other surfaces. It occurs anytime these particles are blown 
or dragged across surfaces. 

Similar to water, when wind is slowed it deposits the particles it is carrying. This occurs 
when wind has to move around or is stopped by an obstacle. These are commonly trees, 
plants, rocks and in some cases dwellings. When the sand particles are deposited, it begins 
to form dunes. For these dunes to form properly, there must be a good supply of sand as 
well as high winds. 

Dunes begin with an obstacle causing the wind to slow down. The more sand that is 
deposited, the bigger the dunes become. Once established, the dune now becomes the 
obstacle that slows down the wind and causes it to drop sand. 

Following the succession of the sand dune, migration of the sediment slowly moves over 
the land. This is because the dunes have no support to hold down the sand particles. To 
prevent the eroding of the dunes, it is usually planted with grasses (e.g. Marram grass, 
spinifex). Their root systems trap and hold down the sediment increasing the dunes 
stability. 

Wind erosion/depositition is one of the main reasons for the erosion of beaches. On a 
larger scale, it erodes neighbouring infrastructure through abrasion as well as nearby 
dwellings, making maintenance for these communities a growing concern. 

Beaches are dynamic. Sand is constantly moved by fluctuating currents, which are 
created by wave or tidal energy. The natural function of the beach is to absorb this energy. 
As waves approach the coastline their energy brings the sand into suspension and the 
associated currents transport the sand. The sand on the seabed is moved by every wave 
passing over it. Under calm conditions the sand may experience minor displacement and 
during an extreme storm event beaches can change rapidly as sand is moved distances 
offshore. Extreme events, such as storms, are usually well remembered, and slow gradual 
changes often go unseen. 

The process of longshore drift is known as the movement of sand along the coastline. The 
movement of sand is influenced by the currents and the predominant wave direction. 
Waves break at an angle to the shoreline, and the sand is moved along the beach. The 
direction the sand moves in depends on the wave direction. The motion of the water 
approaching the beach is known as swash. This water flows back out to sea, and is known 
as backwash. The width of the beach is dependent on the relationship between swash and 
backwash. If swash overweighs backwash, then sediment is deposited onto the beach and 
therefore the beach is widened gradually. If backwash overweighs swash, then sediment 
on the beach is eroded away and is transported away through longshore drift. The process 
of longshore drift moves sediment along the coast until an obstacle stops it. These are 
usually headlands. The process usually leaves one end of the beach eroded and exposed, 
while depositing sediment at the other end. 

Erosion of land by sea involves destructive waves wearing away the coast. There are five 
main processes which cause coastal erosion. These are corrasion, abrasion, hydraulic 
action, attrition and corrosion/solution. 

Corrasion is when waves pick up beach material (e.g. pebbles) and throw them at the base 
of a cliff. Abrasion occurs as breaking waves which contain sand and larger fragments 
erode the shoreline or headland. When waves hit the base of a cliff air is compressed 
into cracks. When the wave retreats the air rushes out of the gap. Often this causes cliff 
material to break away. This process is known as hydraulic action. Attrition is when 
waves cause rocks and pebbles to bump into each other and break up. Corrosion/solution 
is when certain types of cliff erode as a result of weak acids in the sea.

WIND DEPOSITION

LONGSHORE DRIFT

COASTAL PROCESSES

erosion
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The majority of land in the Whangateau catchment is comprised of clay soils. By examining 
the coastal headlands at low tide, the base of the headland showed evidence of erosion. 
Findings showed large pockets of the clay soils were removed through coastal processes. 
Clay soils are commonly eroded in clumps as opposed to finer sediment. Vegetation on 
the headland was exposed, especially important root systems, which would be damaged 
by saltwater. Evidence of a receding coastline was visible in several locations along the 
perimeter of the Whangateau Harbour.

WHANGATEAU HARBOUR COASTLINE

The permeability of the soil and rock in a drainage basin is a big factor in flooding. If the 
basin’s soil is impermeable, maybe because it has been saturated by previous rainfall or 
has been baked by prolonged heating, then any precipitation that falls won’t infiltrate 
and will instead run straight into the river, increasing the river’s discharge and triggering 
floods. Similarly, if the rocks in the area are non-porous or impermeable (such as granite 
or clay) then water won’t be able to infiltrate into the rocks and will, again, run straight 
off into the river increasing its discharge.

The vegetation cover in a basin will affect flooding. If a basin has very dense vegetation 
cover, the vegetation will intercept precipitation and store it, reducing the volume of 
water entering a river. Conversely, if a basin is sparsely vegetated then there will be no 
interception and so more water will enter a river. Vegetation helps bind soil too. With no 
vegetation, the soil is highly susceptible to mass wasting which can cause large volumes 
of soil to enter a river and reduce the river’s capacity. (Jackson, 2011).

If a river’s drainage basin or floodplain has been heavily urbanised, a river becomes much 
more prone to flooding. Urbanisation generally involves the laying down of tarmac and 
concrete, impermeable substances that will increase surface runoff into the river and 
therefore increase the river’s discharge. (Jackson, 2011). Urbanisation often involves 
deforestation. This reduces vegetation cover, reducing infiltration and increasing surface 
runoff into rivers.

HUMAN FACTORS

PHYSICAL FACTORS

soil





Big Omaha Wharf was once the lifeline for an entire district. After the Meiklejohn family 
landed here in 1858, the place was transformed into a lively location with people, livestock, 
and the shipping of trade goods. 

The first users of the wharf were locals like the Meiklejohn, Birdsall and Williams families. 
They shipped their farm produce from here and used it to bring in goods from Auckland. 
Other attractions included trade shops, which allowed people to trade kauri gum and 
produce, as well as serving as a social space for leisure. 
In 1926, the first petrol pump in the district was installed here, bringing a whole new 
dimension to the place. With road access improving all the time, the wharf became less 
important. 

By 1998, the Big Omaha wharf was one only of two remaining from the 46 wharves built 
in 1925. The other can still be found at Matakana. The Big Omaha Wharf Restoration 
Society was founded, and started fighting for the preservation and restoration of the 
wharf. In 2007, the wharf and shed was restored to the 1924 design.

BIG OMAHA WHARF

HOW THE WHARF EVOLVED

1850 - 1880

1880

1914

1924-1925

1955 1996

1998 - 2007

Locals used the 
Meiklejohn beach to bring 
in supplies and passengers. 
The Meiklejohns also built 
a jetty in this area.

The Matakana Road Board 
built the first timber wharf 
on this spot

Jack Walden moved his 
shop from Walden Point 
to the wharf site and the 
wharf became a very busy 
place.

Ministry of Works initiated a general 
upgrade of wharves in the region. Thirty 
wharves were built in the Waitemata 
Harbour and sixteen were built in the 
Manukau Harbour. The characteristic 
cross-shaped concrete foundation 
became a feature of the new wharf.

The Wharf was handed 
over by the Crown to the 
Rodney City Council.

The wharf had fallen into 
disrepair and the council 
considered demolishing it.

Restoration of the wharf 
and shed, led by the Big 
Omaha Wharf Restoration 
Society.

maritime heritage
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As global temperatures increase, species generally extend their ranges poleward and 
up in elevation, because habitats in these areas have now warmed sufficiently to allow 
temperature-restricted species to colonise areas that historically were too cold. (Salinger, 
2013). Range contractions are also likely in areas where increasing temperatures challenge 
the survival of species. Additionally, species closer to the poles or residing near the tops 
of mountains have no habitats into which they can disperse as their habitat warms. 
Consequently, species in these areas are further stressed by foreign species dispersing 
into their ranges  (e.g. predator species or increased demand for resources). It is likely that 
the challenging conditions will drive these species into extinction.

Species on every continent are already shifting in the timing of various events, primarily 
those occurring in spring, but also to some extent in the autumn. (Salinger, 2013). Climate 
studies have found that in many species spring activities are occurring earlier now than 
they did 30 to 40 years ago. (Salinger, 2013). This includes the migration in various 
species (e.g. birds, fish, mammals and insects), breeding and blooming of flowers and 
trees. Changes in temperature can force inconsistencies among species, e.g. some bird 
species are migrating to their wintering grounds earlier now than before while some are 
migrating later.

• Shifts in ranges boundaries (e.g. moving toward the poles) and shifts in the density of 
individuals from one portion of their range to another (e.g. the location of the highest 
density of a species shifting up in elevation).

• Shifts in the seasonal timing of life-cycle events (i.e. phenology) that occur primarily in 
spring and autumn (e.g. plants blooming earlier, animals moving from wintering grounds 
to breeding areas earlier).

• Changes in body size and shape.

• Species extinction.

CHANGES IN RANGES

CHANGES IN TIMING

LIKELY ALTERATIONS

Biodiversity
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Sternula nereis davisae

Status: Threatened (nationally critical)

NZ fairy terns are amongst the world’s 
most threatened terns, with a population 
of only 35-40 individuals and 8-12 
breeding pairs. They are New Zealand’s 
rarest endemic breeding bird. Not often 
seen at Omaha, but with a rich food 
supply available in the Whangateau 
Harbour, they could breed here as their 
populations grow. 

Limosa lapponica baueri

Status: At risk (recovering)

Several hundred godwits stay in New 
Zealand from October to March, feeding 
on the sand flats of the Whangateau 
Harbour and storing fat reserves for 
their long migration. Godwits travel over 
11,000km every year to breeding grounds 
in Alaska without stopping, making it 
the longest non-stop flight by any bird. 

Hydroprogne caspia

Status: Threatened (Nationally 
vulnerable)

Caspian terns are found around much of 
the world, but are not common in New 
Zealand. They often nest in colonies, but 
sometimes in isolated pairs. They breed 
on sand spits, shell banks and in braided 
rivers. Caspian terns are present all year 
round at Omaha Spit, and utilize the area 
for breeding. 

NZ FAIRY TERN EASTERN BAR-TAILED 
GODWIT

CASPIAN TERN

Haematopus unicolor

Status: At risk (recovering)

Variable oystercatchers are highly 
territorial and can be very aggressive 
when people or pets approach their nests 
or chicks. This can also help protect 
more vulnerable birds nearby, such as 
the dotterels. Oystercatchers are present 
all year round at Omaha Spit. Critical 
breeding time occurs from October to 
February. 

Anarhynchus frontails

Status: Threatened (Nationally 
vulnerable)

Wrybills are endemic to New Zealand. 
They are named after their unique, 
sideways-bent bill (always bent to the 
right), designed to reach insect larvae 
under round riverbed stones. They visit 
the Omaha Spit from January to March to 
feed on the tidal flats of the Whangateau 
Harbour. They spend half the year in the 
South Island, where they breed inland 
and only on braided riverbeds.

Charadrius bicinctus

Status: Threatened (Nationally 
vulnerable)

Banded dotterels only breed in New 
Zealand. Around half the population 
migrates to southeast Australia every 
year, while others move north within 
New Zealand after breeding. One or 
two pairs usually breed at Omaha Spit 
(September to January), and are joined 
by a flock of several hundred after the 
breeding season (January to June).

OYSTERCATCHER WRYBILL BANDED DOTTEREL

bird species
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The northern New Zealand dotterel is almost entirely a coastal bird and typically breeds 
on sandy beaches, sand spits and shell banks. In more urbanised areas, it nests on grassed 
areas or bare earth, including building sites, quarries, golf courses and airport margins. 

A majority of the population is found on the east coast, mainly in Northland, Auckland, 
the Coromandel Peninsula and the Bay of Plenty, which accommodate more that 80% of 
the total population. This range is slowly expanding southwards.

Although early nests are sometimes found in August, most pairs do not start breeding 
until September or early October. Three eggs are laid and are incubated for 28-30 days. 
Chicks are protected by their parents, but find all their own food. They can normally 
fly after about 5-7 weeks. Once they leave their natal site, juvenile dotterels wander the 
coastline for a year or more, before settling down to breed, normally at the age of two. 

The core period for breeding is between September and January, after which most birds 
gather at traditional post-breeding flock sites (usually at nearby tidal estuaries) for several 
months. From late May or June onwards, pairs begin to return to their breeding sites.

Omaha Spit is a site of international importance for northern New Zealand dotterels. It 
is an important breeding site, and also holds one of the largest post-breeding flocks. Over 
the past 25 years, the number of pairs breeding  on the spit has increased from 4 or 5 to 
15-16 currently. At the same time, the autumn flock has increased from about 45 birds to 
more than 100, making this the third-largest flock known.

NEW ZEALAND DOTTEREL

BREEDING ECOLOGY

IMPORTANCE OF OMAHA TO THE SPECIES
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Threats and Conservation
Predation (mainly of eggs and chicks) is a major threat. Important mammalian predators 
include stoats, cats, and hedgehogs. Harriers, black-backed gulls, and red-billed gulls 
also cause losses. Breeding success is also reduced by flooding and crushing of nests, and 
disturbance during breeding caused by recreational use of beaches by people, vehicles and 
dogs. Increasing urbanisation in Omaha is reducing the size of the spit, and as a result 
is pressuring the shore birds. Omaha’s permanent resident population is increasing and 
this means the number of domesticated felines in the area is too. This is a major issue 
preventing breeding success. There is ongoing loss or degradation of breeding habitat by 
coastal development, particularly on the North Island east coast.

Management of northern New Zealand dotterels began in the late 1980s, and in 1993 
the first recovery plan was published. At unmanaged sites, breeding success is normally 
low. Management to improve breeding success includes effective control of mammalian 
predators, control of avian predators if necessary, fencing of nesting areas, reduction of 
disturbance, reduction of nest loss to flooding and crushing, and advocacy to increase 
public awareness of the species and its problems.

The predator fence was installed in 2012, to assist with predator management (including 
neighbouring domestic cats) so that shorebirds can successfully nest and breed. The 1.8 
metre high fence extends from the shoreline on the estuary side to the rock groyne on 
the ocean side. The mesh is fine enough to exclude mice and a skirt extends underground 
to prevent rabbits burrowing underneath. The smooth metal capping prevents animals 
climbing or jumping over the fence.

MANAGEMENT
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A - BIG OMAHA WHARF

B - WHANGATEAU RESERVE

C - MATHESON’S BAY

D - OMAHA COVE

E - POINT WELLS

F - SHOREBIRD SANCTUARY

G - CAUSEWAY - HARBOUR

H - OMAHA BEACH

A

B

C

D

E F

H

G

Design interventions
Using the information obtained from research in theory and site analysis, initial design 
experimentation was carried out on the sites listed below. These sites were chosen for their 
vulnerability to flooding and the ability to incorporate coastal strategies that acknowledge 
the important social, economic and environmental values of coastal communities. The 
concepts focused particularily on manipulating site specific coastal conditions. 



POINTS OF INTEREST BIG OMAHA WHARF

POINT WELLS HOUSING DEVELOPMENT RUN-OFF AND CONTAMINATION

Preliminary Site visit Findings

A

E G
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POINT WELLS COASTAL EDGE MATHESONS BAY

WHANGATEAU RESERVE OMAHA COVE

B D

E C
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ADAPTIVE EDGE CONDITION
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Fluid dynamics is a subdiscipline of fluid mechanics, which looks at the natural science 
of fluids in motion. The study has a wide range of applications, but in particular we 
will be focusing on coastal processes and the characteristics of water in relation to its 
surroundings. 

Fluid dynamics proposes a range of equations and formulas to calculate the specific 
movement of water. Its theories can be very complex, as expected when attempting to 
map the velocity of water. Specifically, the study proposes a general overview of the way 
water moves relative to obstacles it encounters. It allows us to understand the behaviour 
of coastal currents and tides.

The map below shows fluid patterns along various sections of the Pacific and Indian 
Oceans. As water and wind near the coastline, the patterns show the change in direction 
as its velocity is altered. The character in this movement can be perceived in two ways. 
Firstly, the islands create obstacles in the way of the ocean’s movement causing it to behave 
in the way it does. Turbulent currents are created when two opposing directions of water 
impact. Along with wind, these can cause dangerous marine conditions. Secondly, the 
spiral motion of water as it nears and exits the coastline can be threatening to receding 
coastlines. Unlike sediment transported and collected at one end of a beach, this fluid 
motion erodes sediment away out to sea. The rate of long-term erosion on coastlines is 
significantly increased, and in the event of a storm, coastlines can experience significantly 
higher rates of erosion.

OVERVIEW
Using the basic principles of fluid dynamics theory, the question surrounding the 
manipulation of tidal movements was raised. Speculation began by artificially recreating 
common coastal geological features. This was first applied in the extension of the 
headland to retain sediment dispersed through longshore drift. The grid formation of 
timber stakes implemented offshore focuses on forcing coastal waters to change direction 
and slow down. As a result, sediment is deposited and erosion is minimised. Minor natural 
reclamation can take place and generate sediment overtime, which in the event of storm 
surge can be eroded and used to naturally replenish wider sections of the coastline. 

Experimentation also looked at using this principle as the foundation to support coastal 
access and recreation. Initial speculation proposed boardwalk structures in the coastal 
environment, to slow water as it passes through its structural form. These interventions, 
paired with stormwater remediation areas look to minimise vulnerability and maximise 
resilience in coastal settlements. 

APPLICATION

Fluid dynamics
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The core idea behind biofilitration is to harness the biological efficiency of organisms 
that live in the marine environment to encourage the engagement with issues of water 
quality and increased tidal levels. Increased storm frequency will heighten the level 
of contaminants discharged into waterways – exposing communities to unsanitary 
environments as well as stressing marine ecosystems. (Bergdoll, 2011). 

Seen in many innovative design proposals for New York’s harbour, oysters have been 
cultivated to develop a new artificial ecology. These organisms intake algae and detritus, 
which is then filtered through its organs to discharge clean water. Oysters filter roughly 
200 litres of contaminated water in a single day. (Bergdoll, 2011) 

Collectively, oysters can collect and generate groups that form large masses. This process 
can be manipulated to form large reef structures. Developing a reef in the harbour 
could protect existing and proposed settlement. The oysters act as a form of attenuating 
aggressive waves, whilst contributing to the richness and complexity of the habour 
system. (Corner, 1997). If coastal communities have cleaner and slower water, new ways 
of living with this water can be imagined.

FILTRATION THROUGH OYSTERS

Biofiltration

86



With a particular focus on retaining the desire for the coastal lifestyle, many of the ideas 
proposed create unique coastal experiences. The interventions provide an assortment 
of coastal attractions while also importantly minimising vulnerability. Existing 
infrastructure can be utilised to incorporate local tourism with the wider region, 
supporting the growth of local businesses and industries, as well as encouraging future 
development and investment.

From an environmental perspective, the catchment holds significant ecological value. 
The varied and complex ecosystem types provide a range of important resources, 
which reinforce shorebird population growth and connections to the wider context. 
The proposed interventions encourage species to engage with various locations along 
the coastline with the potential to strengthen ecological corridors and local migratory 
networks.

SOCIAL AND ECONOMIC OUTCOMES

ENVIRONMENTAL OUTCOMES

Outcomes of Interventions
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With all the uncertainties surrounding climate change, evidence-based design will be 
of great value to support the implementation of all proposed strategies. To efficiently 
produce this high quality information, research will need to generate the foundation for 
design using local context. This speculative measure can be explored through generating 
the infrastructure to support some of the required research. 

Examples such as the Googleplex Campus, Apple’s proposed headquarters and Greenland’s 
National Gallery of Art provide guidance on how the architectural form can reside in the 
landscape harmoniously. These innovative pieces of architecture have all been designed 
to best coexist in the natural environment, with a particular focus on sustainable energy 
consumption, as well as including low-impact materiality to minimise interference to the 
neighbouring context. 

research opportunities

88



89





CASE STUDY: POINT WELLS RESERVE
INFLUENCED BY PRELIMINARY WIDE SCALE INTERVENTIONS

ANTIFRAGILE
DESIGN INTERVENTION
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point wells Reserve
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Point Wells is a small settlement area located on the edge of the Whangateau Harbour. 
Coastal housing looks across the pristine coastal environment as well as providing 
coastal access across the coastal park. The linear park extends across the entirety of the 
subdivision’s coastline, diminishing as the edge conditions display increased signs of 
erosion and degradation. 

With the parkland located between housing and the Whangateau Harbour, further 
speculation focuses on redefining this critical area to incorporate the important themes 
of resilience through increased adaptive measures. Design speculation looks to repurpose 
this zone as a multifunctional park that functions through all climate conditions, 
concentrated on minimising vulnerability and encouraging recreation and well-being at 
the water’s edge. 

Subdivision development at Point Wells also provides an opportunity to experiment 
with localised research and the development of a research station. Concept development 
will look to integrate the surrounding harbour conditions to support up-to-date climate 
research. 

If water can be absorbed using green infrastructure, it has a place to go. It can percolate 
into the earth instead of rebounding from a seawall or overtopping a wall. We can 
engineer solutions to absorb water and slow its velocity. There may still be flooding, but 
there will be less damage.

Opportunities for design
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POINT WELLS RESERVE masterplan
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The proposed public sector of the masterplan focuses on integrating and enhancing 
the existing recreational qualities of the reserve, whilst providing areas to concentrate 
stormwater. These containment devices are an important element in the park that 
supports the increase in resilience for the vulnerable coastal community through storm 
surge. The multifunctional park proposes a new topology for the residential frontage, but 
retains access and high quality amenity within this coastal sector. 

STORMWATER CONTAINMENT

TIMBER BOARDWALK

BOAT RAMP

CONCRETE TIDAL STEPS

PLAYGROUND

GREYWACKE ROCK POOLS

LAWN

CONCRETE SEATING WITH TIMBER FINISH

CONCRETE FOOTPATH

REVITALISED GATEWAY TO RESERVE 

INTERPRETIVE SIGNAGE

Public Parkland

1

6

2

7

3

8

4

9

5

10

11

1

6

6

7

1
7 7

8 11

11

11

11

8

9

2

10

25m 50m 75m 100m

HARBOUR VIEW ROAD

99



100



The revitalisation of the public park space was driven by the idea of maximising public 
interaction with the coastal zone in light of increased storm surge and flooding. The 
proposed terraced edge along the northern fringe of Point Wells capitalises on the 
phenomenal views shafts across the harbor, and even highlights the Big Omaha Wharf, 
which once supported early settlement and economic growth in the area. 

The terraces celebrate recreation and well-being, allowing public to step down to the 
water’s edge and consequently access the marine environment.

TIDAL STAIRS

Coastal access

101





Rhizofiltration is a type of phytoremediation, which refers to the use of plant root systems 
to remediate contaminated water through absorption, concentration and precipitation 
of pollutants. The primary focus of the proposed multifunctional park is to efficiently 
contain storm water from flooding and encourage ethical storm water management 
through green infrastructure. A variety of native plants have been carefully selected for 
their tolerance to extreme coastal environments including both wet and dry conditions. 

The native plants bring an increased aesthetic to the coastal parkland. Boardwalks and 
footpaths intersect these containment areas, introducing public interaction with these 
systems, supporting recreation and well-being. More importantly, this interaction helps 
to educate communities about the important devices that encourage resilience in these 
vulnerable coastal settlement areas. 

RHIZOFILTRATION
PERMEABILITY AND filtration

Apodasmia similis jointed rush, oioi 1.5m rush

Astelia grandis mauri 1.5m shrub

Baumea articulata jointed twig rush 2m rush

Baumea rubignosa baumea 1m rush

Carex geminata cutty grass 1m sedge

Carex secta purei 1m sedge

Carex virgata rautahi 0.5m sedge

Carpodetus serratus marble leaf 5m tree

Coprosma propinqua mikimiki 2m shrub

Coprosma robusta karamu 4m shrub

Cordyline australis cabbage tree 8m tree

Cortaderia fulvida toetoe 1.5m sedge

Eleocharis acuta spike rush 0.5m sedge

Leptospermum scoparium manuka 4m tree

Phormium tenax harakeke flax 2m shrub

Rhopalostylis sapida nikau 10m tree
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Recreation Network
The proposed multifunctional parkland provides high amenity value for local residents. For 
this demographic, as well as the wider context, the park is a destination. To acknowledge 
the full potential of the park space, the revitalisation of the Harbour View Road gateway 
provides a formalised entry into the parkland, along with Riverside Drive. The particular 
focus on increased accessibility provides opportunities to connect the park to the western 
edge of the peninsula, providing wider networks for recreation, eventually connecting to 
development at Sandpiper Avenue to the south (proposed site for the research institute). 

The revitilisation of this entry point provides opportunities to embrace the increased 
population numbers during summer, and provide areas for recreation and leisure during 
the high intensity time of year. The vision for this space resembles the weekend market 
culture seen at Matakana, where pop-up stalls and entertainment support local businesses 
and encourages a lively outdoor lifestyle.
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While this designation incorporates the multifunctional qualities of the proposed public 
parkland, the key differing element is the separation of public and private accessibility. 
The on-land treatment offers a semi-enclosed park environment and jetty, providing 
a private micro-scale harbour for recreation and leisure for adjacent residents. The 
rationale for this private park space derived from the experience with the site during site 
analysis. The highly saturated and unstable landscape restricts accessibility and usability. 

This fragile landscape requires minimal disturbance, while continuing to extend 
coastal access along the eastern fringe. The proposed offshore boardwalk caters for 
this requirement extending to the next strategic proposal for the coastline – the Oyster 
Observatory, which is regulated by the proposed Research Institute located in the private 
sector as well as the smaller scale development shown in this sector plan.

PUBLIC / PRIVATE DESIGNATION

STORMWATER CONTAINMENT

TIMBER BOARDWALK

ARTIFICIAL ‘OYSTER’ REEF

OYSTER REEF OBSERVATORY

LAWN

GREYWACKE ROCK POOLS
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PRIVATE JETTY

CONCRETE FOOTPATH
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The semi-submerged observatory extends into the harbour environment to look out onto 
the proposed artificial oyster reef. 

A collection of netted mesh extends from the observatory, supporting oyster attachment 
and as a result, an area for cultivation. While its purpose is focused on attenuating 
aggressive waves in storm conditions and remediating water quality in the harbour, this 
coastal feature is a critical element that serves the wider ecology of the catchment. 

One of the notable landscape features found while exploring the catchment during 
preliminary analysis was the Shorebird Sanctuary at Omaha Spit. Exemplifying local 
biodiversity, the site features an extensive range of native birds that feed in the estuary 
at low tide. Some of these species, such as the New Zealand Dotterel, nest at the Omaha 
Spit in significant numbers.

What is developed at the Oyster Observatory is an important feeding resource for 
the birds of the Omaha Shorebird Sanctuary, such as the oystercatcher, consequently 
supporting the extension of ecological networks as well as consideration to the birds of 
the wider context.

Outside of this, the Observatory is an interesting attraction that assists the local 
community and tourists to learn about the coastal strategy, while taking in the scenic 
view shafts across the harbour. 

OYSTER OBSERVATORY

Cultivation and filtration

109



6

7

3

4

5

5

1

2
8

25m 50m 75m 100m

WETLAND

TIMBER BOARDWALK

CIVIC PLAZA

OFFSHORE STAKES (RECLAMATION)

RESEARCH INSTITUTE

MONITORED AQUACULTURE

INTERPRETIVE SIGNAGE

VIEWING PLATFORM

RESEARCH INSTITUTE
1

6

2

7

8

3

4

5

110



111



HARBOUR RESEARCH STATION

Localised research

With conditions continually changing, the focus of climate research will contribute 
critically to the design for coastal settlement. The research stations aim to support 
fundamental advances in scientific research and provide advanced and interactive 
teaching programs for scientific minds. The activities of the research stations will be 
communicated to engage with the local and global community and encourage and 
facilitate national and international collaboration. The proposed research institute will 
be located in close proximity to the coastal environment, creating the requirement for a 
sustainable and sensitive approach to the design. 

The brief for this structure opens up many opportunities to collaborate with different 
disciplines to produce a high-end innovative outcome that blends coastal management 
with site-specific research. The institute will regulate coastal interaction through the 
proposed coastal boardwalk, which separates the harbour from the extensive wetland. To 
communicate some of the important elements of rhizofiltration, the viewing platforms 
are designed to descend partially in varied areas to expose some of the rich ecology in a 
discreet manner (resembling the design of the proposed Oyster Observatory). 
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The proposed design interventions work together to achieve a level of redundancy 
sufficient to minimize the disturbance caused through rising sea levels, and still achieve 
a high standard of livability and economic sustainability within the coastal environment 
of Point Wells. Antifragile theory is used to explore the ability to develop resilience in 
environments that are adversely affected by gradual sea level rise and storm surge, so that 
the places we live in can be better equipped for the unexpected future. With increasing 
awareness of climate change and sea level rise, there is clear demand for a more holistic 
approach to design for coastal settlement. The proposed strategies at Point Wells suggest 
that coastal settlement could still support current residential planning while managing 
risk, and provide opportunities to enhance life at the coastal edge. Collectively, the design 
interventions convey the opportunity to contribute to the sustainability of neighbouring 
communities and express the ability to interrelate strategies for regional planning. The 

outcomes of climate induced sea level rise, covered in digital media, is a threatening 
phenomena for all coastal communities. Antifragility proposes a new perspective for 
management in these landscapes. The ideology of Antifragility, explored in this project, 
sheds light on the ability to rethink a coastline to be activated during threatening storm 
events while still providing the ability for local communities to reside and have reason to 
appreciate coastal living during pristine weather conditions. 

Traditional engineering techniques often have their design overthrown by a disaster 
that exceeds its design, requiring expensive rebuild and minimized accessibility. Hard 
engineering offers a form of fortification for the coastal edge, but continues to deprive 
the coastal landscape of the ability to offer the favoured coastal lifestyle. Innovative 
design will require a regional approach to effectively increase overall resilience within 
coastal settlement through soft infrastructure. The value of the soft approach is already 
commonly seen along the exposed New Zealand coastline, where sand dunes are being 
protected and planted to accelerate natural buildup.

Speculation began with a regional investigation of the landscape, which includes the 
study of the current coastal vulnerability, residential quality, species habitat quality, 
topographical study including generating flood scenarios, soil quality and variety, 
vegetation quality and diversity, stormwater infrastructure, marine ecology, and 
maritime heritage. This enabled a strong understanding of the site and more importantly 
gave insight on how the local communities value their land, which was made clear 
by journeying through the region. The preliminary study set a strong base for design 
speculation and achieves outcomes that hold critical rationale.

If flooding is to be expected, the key elements in the masterplan of Point Wells suggest 
a particular focus on containment, filtration, and offshore interventions to heighten 
physical resilience. With the soft approach at the forefront of design speculation, 
containment of stormwater is focused across various areas of the proposed multipurpose 
parkland, where contaminants are filtered through the root systems of native vegetation. 
Biofiltration mechanics of oyster anatomy is also applied and the proposed cultivation 
is organized to generate artificial reef structures to attenuate aggressive waves. This is 
made possible by designing the required infrastructure to accommodate species growth. 
This is done through offshore structures, which also aim to displace predominant 
tidal movement and gradually increase natural reclamation. As part of the innovative 
design for the coast of Point Wells, incorporated into the masterplan is the proposed 
infrastructure to support local climate research within the newly introduced coastal 
Research Institute. The architectural opportunity is put forward with an incentive for 
encouraging the support of up-to-date climate research using local monitoring to best 
implement strategies that protect and enhance the coastal region, while also retaining an 
important sense of place.

The newfound approach, revealed through case studies, supports the harmonious 
interaction between urban ecology and engineering. Planning and management of the 
coastal environment provides the ability to encourage adaptive strategies that aim to 
retain long-term investment in the coastal lifestyle as well as the ongoing sustainability of 
these highly valued natural environments. Through the proposed landscape architectural 
approach, opportunities arise to enlighten vulnerable communities on local processes and 
explain the importance of the devices and relative mechanics being utilized to support 
the ability for prolonged livability at the coast by providing continued accessibility and 
organized engagement with landscape across the proposed innovative multipurpose 

parkland. This approach to the coastal strategy can also incorporate desirable recreation 
through these adaptive measures and provide opportunities for the ongoing of local 
communities to benefit from the surrounding amenities in their coastal residence. If 
flooding is a likely occurrence, then the treatment areas are activated and allow for water to 
be infiltrated instead of leaving the flat land community inundated. Landscape architects 
can provide critical design for these flood events to give water a place to go and filter 
contaminants, encouraging ethical storm water management. Protecting and enhancing 
the quality of waterways is critical for maintaining the well being of the Whangateau 
Harbour and the life of organisms it supports. Incentives such as the extension of oyster 
habitats and increase in species population also provide innovative purification methods 
through processes such as biofiltration. Recreational engagement with the harbour is 
popular all year round, and the provision for clean water quality is critical for minimizing 
health risks from unsanitary marine environments. Multiple stormwater containment 
and filtration areas within the multipurpose park reduce the volume of direct discharge 
into the harbour as well. Reimagining the coastal parkland to provide desirable lifestyle 
conditions and continue to function in light of threatening climate conditions suggests 
the value that resilient adaptation may offer. 

The study of the Whangateau Harbour and the design speculation at Point Wells sheds 
light on the guidance that future urbanism will likely require. This, I believe, can be 
achieved through the collaborative engagement of landscape architectural, architectural 
and coastal engineering practice. The proposed masterplan for Point Wells, through 
this study, provides opportunities to carry out further research to significantly advance 
traditional practice. Ecology is prioritized for engineering practice, encouraging site-
specific research to best sustain and enhance habitat quality and species diversity. For 
architecture, housing typologies can be developed to better contribute to the regional 
coastal strategy, providing opportunities to investigate energy efficient and flood-proof 
dwellings to align with minimizing vulnerability and enhancing livability in the low lying 
coastal landscape. Architectural practice can also further explore the ability to reside in 
fragile environments to best allow for research and monitoring, securing critical advances 
in climate study to support the development of coastal planning and management. For 
landscape architecture, there is an opportunity to inform and guide as well as engage in 
design of architecture and engineering. With the ability to holistically assess the region 
and provide management through planning, landscape architecture can take leadership 
in developing long-term coastal strategies for threatened communities. 

The primary limitation of any coastal strategy is the inevitable retreat from the exposed 
low-lying coastal area due to the exponential increase in sea level rise and its uncertainty. 
Antifragility is focused on this limitation and calls for good design to provide robust 
and flexible environments to withstand the uncertainties of climate change, prolonging 
livability in prime coastal residential areas through varying environmental conditions. 

Our coastal areas are some of the most valuable natural public space assets. All the threats 
that sea level rise may bring to coastal urban areas will almost certainly force change to 
the coastal lifestyle in New Zealand. The holistic approach of innovative strategies will 
require valuing the way people live, the ecological richness and enhancement of the area 
and the economic viability of the land. Landscape architects, leading collaborate practice, 
have the full potential to provide research and expertise to define that change, providing 
resilience in communities to best secure our progress to date and advancing equitable 
and sustainable human development

CONCLUSIONS AND REFLECTIONS

Can design innovation in both 
method and Management better 
support the development of resilient 
coastal communities?

How can innovative methods of 
coastal management contribute to 
the development of resilient coastal 
communities?

q1

q2
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