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Abstract

This masters thesis uses urban design and landscape
architecture to investigate the role of open spaces in
increasing the adaptive capacity of New Zealand’s sand spit
communities in the face of climate related change.

In order to respond to potential climate related change, the
design of open spaces should acknowledge the crucial role
that natural processes and ecosystems play in protecting
coastal environments.

Urban design and landscape architecture have the potential
to encourage interaction at the interface of the social and
ecological systems within these coastal communities. The
design of public open space can encourage more sensitive
development patterns and increase the communities’
awareness of coastal processes. These spaces can
become the focus of social capital building while ensuring
the environment has the capacity to absorb potential climate
related changes.

This research focuses on three sand spit resort
communities on the east coast of New Zealand’s North
Island. Through a series of design studies, a range of
strategies are proposed and tested in response to the
potential impacts of climate change and sea level rise.

The exclusive and expensive coastal development trend

is augmented to provide for all potential beach users.
Diversification in both the users, and types of use, in these
coastal areas will increase the social capital investment and
awareness, further building the adaptive capacity of the spit
system.
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Introduction

Historically human inhabitation has been focused around
bodies of water. In New Zealand patrticularly, access

to our coastlines is considered a birthright (Peart). The
threat of potential sea level rise is putting increasing
pressure on coastal environments. Human intervention

into coastal landscapes is having a significant effect on

the stability and health of our coastal environments, and
their ability to respond to change (Hilton, Macauley &
Henderson; McFadgen). The increasing demand for coastal
property has seen economic incentives take precedence
over the ecological and environmental values, and
increasingly coastlines are being overtaken by large-scale
developments. The need to develop a resilient and mutually
beneficial relationship between these dynamic coastal
zones and the human inhabitation is becoming increasingly
apparent.

The current models of response to threats to coastal
inhabitation are predominantly ‘retreat’ or ‘blockade’ (Beca,
Carter, Hollings & Ferner). The Netherlands are the most
widely recognized exponents of the ‘blockade response’
with complex systems of dykes and reclamations (Visser).
More recently, with the increasingly noticeable effects

of climate change and sea level rise, managed ‘retreat
responses’ are becoming more common (Beca, Carter,
Hollings & Ferner). Moving back to more stable ground
and leaving the edge to its own devices neither addresses
the history of human inhabitation of the coastal edge nor
deals with the vulnerable nature of the coastal system
appropriately. The discussion around the occupation of
dynamic landscapes needs to move away from one of
control and mitigation and toward greater symbiosis.

Climate change is increasing the intensity and frequency of
coastal threats and coastal communities need to be better
equipped to respond to them. Design-led approaches that
acknowledge both human inhabitation and the dynamic
nature of the coastal environment are imperative if we are to
continue to live the ‘kiwi dream’ of beach holidays in coastal

landscapes. The worldwide trend to develop sensitive and
ephemeral barrier formations on our coast highlights, in
particular, the development style and financial investment
that is under threat from climate change and sea level rise.

Open space is critical in providing a buffer between coastal
processes and coastal settlements. The recreational and
natural amenity these spaces provide adds value to the
community while also increasing the flexibility of the natural
environment. Most importantly these open spaces, if
planned and designed appropriately, can play a crucial role
in absorbing coastal threats and increasing the value of the
settlements.

This research focuses on the role of public open space in
increasing the adaptive capacity of coastal communities.
Five approaches for increasing adaptive capacity proposed
by Nicholls and Klein (221) form a framework that guides
the design outcomes of this project. This framework ensures
the designed outcomes increase the adaptive capacity of
both the natural and social systems, while acknowledging
the significant role the coast plays in New Zealand’s

social identity and aiming to maintain the quality of these
environments.

A series of design studies of sand spit developments

within New Zealand allow the identification of the trends

in development and issues arising from them. These

sites are representative of New Zealand’s cultural and
recreational relationship with the coast. This thesis applies
a common format of analysis at three sites to identify key
similarities and differences. The ‘multiple design study’
method of analysis of three similar sites on the east coast
of New Zealand’s North Island allows a platform for the
development of design response testing to be created. Each
of the studies investigates the characteristics that make
these sites both attractive for coastal development and also
vulnerable to the increasing impacts of climate change. This
thesis analyses the style of development undertaken, and
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Introduction

the responses to the recognised erosion and inundation
threats. As well as considering potential new threats that
were not accounted for and the impact that the changing
climate will have on the existing threats.

Urban design and landscape architecture deal with a
complex range of stakeholders, often with opposing

views. This makes these disciplines appropriate lenses

for addressing the tensions and challenges involved

in responding to climate change impacts to coastal
settlements. With design as the interface between the
conflicting needs of ecological and socioeconomic
systems, a more symbiotic relationship between them

can be created. This research project proposes designed
solutions for integrated coastal development that favours
both inhabitation and the conservation of ecological coastal
systems equally. This project aims to generate a wider
awareness of the vulnerability of each individual component
while emphasizing the potential strength of the holistic
system if all components are working together.

The intention is to create a model that retro-fits existing
coastal developments, enhancing both the social and
cultural values of the community, and the ecological

and environmental systems that characterize the coast.
Generating engagement in, and awareness of, the
surrounding environment is critical to understanding and
responding appropriately to climate related changes. This
thesis focuses on the coastal community of Omaha as a
test site. It proposes a number of strategies to address the
issues, identified in the design study process, over a range
of scales to increase the adaptive capacity of this coastal
community. Nicholls and Klein (221) provide an assessment
framework and these strategies are tangible approaches

to achieving the outcomes identified in the framework. The
strategies deal with both the natural and built environment
with the intention of creating a community that is both
socially and ecologically rich, and resilient to climate related
changes. Designed responses that are adaptive to the

varying conditions take into account the unique ecological
and environmental characteristics of site and develop
compatible inhabitation solutions. Designed responses
such as these need to become common practice in coastal
development to ensure our continuing ability to inhabit the
shifting edge.
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Defining the Issues

The coast is at the very core of New Zealand identity;
covering 18,200km it is the focus of the cultural, economic
and social elements that help define who we are as New
Zealanders (Brookes; Hayward; Peart). It was also the
primary area of settlement focus in both of the colonising
waves, as the waterways offered the fastest means of
transit. The ability to access the coast is widely considered
a democratic right and a significant contributor to wellbeing
and quality of life in New Zealand (Peart).

From the end of World War 1, New Zealanders took to the
coast and built simple structures from whatever materials
were at hand, and often with tenuous rights to even occupy
the land (Brookes; Peart). From 1960 onwards, with the
appearance of planned coastal subdivisions, these light-
weight and simple structures (Figures 1-3) gave way

to intensive replications of the urban environment, thus
changed the way New Zealanders occupied the coast. At
the same time the increasing availability and affordability of
cars made travel to the coast more accessible to the urban
public.

The second phase began in the 1980s and that simpler

life was largely upended with those simple holiday homes
evolving into Mc-Mansions. The surge in the property
market in the 1990s triggered an increased investment in
the coast and particularly in sand spit resort developments.
Large holiday homes (Figures 4-9) have become a social
status symbol, highlighting over-investment in second
homes that are barely inhabited throughout much of the
year. These resort-style settlements have become exclusive
due to increasingly prohibitive property prices.

THE DEVELOPMENT HARDENED COAST

The hardening of the coastal edge through intensive
development has drastically limited the adaptive capacity
of the coast, and coastal communities. Climate change
and its related impacts continue to increase the tension
between the built edge and the sea. Where previously the

dunes played the primary mediation role between land
and sea, now there are seawalls and large buildings that
have little intention of giving. The line that separates land
from sea does not really exist beyond the conventions of
map drawing (Mathur & Da Cunha). Over time, human
interventions on the perceived edge have attempted to
define the line more clearly with reclamations, property
boundaries, sea walls and even constructed beaches. But
the ‘line’ is not clear. Continuing climate-related change
in the coastal environment, such as sea level rise and
increasing the frequency of storms, only further blurs the
edges.

Increasing investment in the coastal environment,
especially financial, has seen the ecological health of the
coast take a backseat to maintaining and increasing fiscal
value and social status of coastal properties. The issue of
wind blown sand accumulating in coastal properties is an
example of reverse sensitivity from residents who have
little appreciation of the characteristics of coastal proximity.
Property owners are becoming focused on protecting

the value of their property and are less interested in soft
engineering methods of coastal hazard management that
have less tangible benefits but provide long term solutions.
Hard engineering structures are still popular despite
growing acknowledgement of their detrimental effects to
the wider coastal area. This is fed by the individuals’ need
to protect private property from erosion and other threats,
and the perceived ineffectiveness of soft engineering
approaches. Identification of coastal threats impacting on
properties can severely decrease their value and, in some
cases, affect their insurability. Some property owners are
even going so far as to challenge hazard mapping and sea
level-related future inundation levels to protect the value of
their investments.

Changing climate and rising sea-levels will see these
boundaries disputed further. The natural environment
does not work with finite lines and boundaries, and we

Fig. 4-9 The new, larger and more expensive, breed of ‘bach’.
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Defining the Issues
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Fig. 10. Sea level rise predictions, Source: NZ Ministry for the
Environment.

must begin to accept and integrate this knowledge into
our coastal settlements if we wish to lessen the impacts of
climate related change and increase our adaptive capacity.
A natural disaster is declared when human interests and
lives are affected by destructive natural events. These
natural events will have an increasing impact, destructive
and otherwise, as the global climate warms.

THE IMPACTS OF CLIMATE CHANGE

Climate conditions naturally fluctuate across large time-
scales; glacial and interglacial over tens of thousands

of years, and El Nifio Southern Oscillation (ENSO), or

La Nifa and El Nifio cycling, over 2-3 decades (Wratt &
Mullan). Sand-dominated coastlines are characteristic of
the current high sea levels that are central to contemporary
perspectives of the ecology of coastal systems, but this
phenomenon of sandy coasts is entirely ephemeral over
geological and evolutionary time-scales (Graham, Dayton
& Erlandson). Sea-level rise, increased storm intensity

and a warming climate, due to increased CO02 levels in the
atmosphere, are among some of the accepted indicators of
climate change. Coastal landforms and seabed formations
that influence locally observed sea levels, relative to the
global trend, will provide most variations in actual sea

level rise. Uplift and land subsidence, due to tectonic and
geomorphological processes, will also affect the extent

of relative sea level rise (Nicholls & Klein; Pethwick).
Research indicates that while the climate naturally warms
and cools over geological timescales there are significant
human induced effects evident in the past 50 years (Wratt &
Mullan).

Sea Level Rise

Since the last postglacial maximum, approximately 6000
years BP (before present), the sea level fell slightly and
then began the rising trend. This rising and falling cycle

is part of the climatic fluctuations that happen across a
range of time scales. Some short-term variations in sea
levels can show rises of as much as 25cm due to La Nifia

periods seen in the western Pacific (Barnett). Since 1970,
water temperatures in the Pacific Ocean have increased
at a faster rate than previously increasing concurrent sea
level rise due to thermal expansion (Mimura). The current
rate of global warming, due to human influences on the
environment, is happening at a significantly higher rate
(Mimura; Day, Christian & Boesch; King). The increasing
rise in sea level will continue to exacerbate existing issues
rather than creating new ones, increasing the relevance of
learning from historic experiences (Tol & Klein).

There are varying predictions for how much sea level will
rise in the future. Nicholls and Klein predict a global sea
level rise of 9-96cm between 1990 and 2100, with a mid
range of 55cm, assuming no change to emissions (Nicholls
and Klein; Klein, Nicholls and Ragoonaden). A rise of
between 0.25-0.5m by 2100, which is double the rate of
rise for the 20th century, is suggested by Pendleton and
Thieler, who also identify other studies suggesting a rise

of as much as 1.4m by 2100 (Rahmstorf in Pendleton &
Thieler). Barnett identifies that the average sea level has
risen 2mm per year for the last 50 years across the Pacific.
King believes sea levels have risen 20cm since 1990

due to thermal expansion of oceans and melting land ice.
The Intergovernmental Panel on Climate Change (IPCC)
predicts an average sea level rise of 0.2m worldwide by
2050, and 0.5m by 2100.

The New Zealand government has adopted the predicted
IPCC levels as a guideline for adaptation planning (Figure
10). These predictions also acknowledge the extent of rise
could be as much as 0.88m above current levels. Local
storm surge levels further increase the predicted rises,
ENSO influenced sea levels in the Pacific Ocean, tidal
fluctuations, and even the change in pressure associated
with storm systems. It is interesting to note that the
occurrence of the majority cyclic sea level rising and the
cyclone season is concurrent with peak holiday periods
during New Zealand’s summer.
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Defining the Issues

Increasing Intensity of Weather Patterns

Coastal environments face a number of threats that will be
influenced and increased by changes in our climate. Storms
and flooding are the most visible and recognisable threats
but the probability of tsunami must be acknowledged.

In the case of a localised event, there would only be
minutes before the wave impact reaches the shore, while
distant events will take longer to travel, and with efficient
notification, will allow some time to evacuate threatened
areas. Sea level rise will increase these impacts.

In the near future 20 year droughts are expected to

recur every 5-10 years in New Zealand, extreme rainfall
will double in frequency and with it flooding. While the
frequency of tropical cyclones will decrease, their intensity
will increase, as will wind strengths (by 10%) with the
direction tending more westerly (Bengtsson, Bennett &
McKernon). The return period for devastating storm events
will shorten, and areas vulnerable to their impacts will find
it harder and harder to rebuild in the intervening periods.
Human investment in the coastal zone will be impacted
upon by these changes through the instability of land, and
loss of natural resources, caused by rising sea levels and
the greater impact, extending further inland, of storms.
Coastal communities will need to become increasingly more
resilient to the impacts of climate-related change, to ensure
the related threats are mitigated, and the communities’
ability to bounce back is increased.

ADAPTATION: HUMAN RESPONSES TO CLIMATE
CHANGE
Adaptation is a long-term process of learning and adjusting, a
process which has historically been co-evolutionary between
social and environmental systems, and where learning and
adjustment has not been sufficient or sufficiently rapid,
systems have failed (Barnett 980).

Prehistorically, the use of temporary settlements in

changing environments allowed for resource exploitation
without a great extent of investment and risk (Nicholson

& Cane). Migration has been a human adaptive strategy

in the face of changes in the environment due to climate,
or catastrophic events that changed the availability of
resources or the ability to access them (McLeman & Smit).
As the climate settled and the knowledge and technological
ability to protect against the advance of the sea developed,
investment in the coastal environment has become

more prevalent. As confidence in protective structures
developed, human responses to changes or instability in
the coastal environment began to stabilise, often using hard
engineering structures. By limiting the natural responses,
the hard engineering protective structures are increasing
the tensions between natural process and the made-made
environment (Hansom; Klein, Nicholls & Ragoonaden;
Charlier & Chaineux; Tol & Klein; Turner, Subak & Adger;
Helvarg; Nicholls & Klein).

The importance of inter-system (socioeconomic and
ecological) cooperation and support highlights the ability
humans have to both anticipate and respond to change (Tol
& Klein). We must acknowledge that building in hazardous
areas will become increasingly economically prohibitive,
and this will ensure that, regardless of their understanding
of natural processes, people become aware of the
constraints (MacDonald & Thom).

The International Panel on Climate Change

International Panel on Climate Change and Adaptation
Intergovernmental Panel on Climate Change (IPCC) was
set up to provide the governments of the world with “a clear
scientific view of what is happening to the world’s climate”,
and to review and provide recommendations with respect
to the science of climate change, the social and economic
impact of climate change, and possible response strategies
(IPCC). This research led to the development of three basic
adaptation strategies:
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Defining the Issues

1. Protect: to reduce the risk of an event by decreasing the
probability of its occurrence

2. Accommodate: to increase society’s ability to cope with the
effects of the event

3. Retreat: to reduce the risk of the event by limiting its
potential effects. (IPCC CZMS)

The New Zealand government and others worldwide have
adopted these three general adaptation strategies as
guiding principles for coastal management. The Resource
Management Act (RMA) 2004 and the New Zealand’s
Coastal Policy Statement (NZCPS) 2010 are New Zealand’s
coastal management guiding documents. These IPCC
principles have been integrated into the NZCPS as:
protection of coastal lines; accommodation of coastline
hazards; or avoidance of coastal impacts; and managed
retreat of coastal settlement. Protection is the most visible
response and is therefore most popular with those on the
front line. But the direct proximity also blurs the awareness
of the downstream impacts created by protecting certain
areas with hard structures. The solving of erosion and
inundation problems in isolation simply creates further
widespread issues. Retreat is a clear directive but seems
to ignore the social and cultural issues it creates: issues of
loss of property, of economic value, loss of place, and loss
of customary cultural use. The IPCC adaptive strategies
are very generalised and lack clear definition and direction
in their suggestions; while they may produce over arching
solutions, at a more local scale the simply generate further
problems.

Human needs are most often acknowledged in the short
term and this is reflected in coastal policy and management
strategies (Tol & Klein; Crance & Draper). Policy and
decisions are defined by what society wants and expects
from its environment, and this highlights the importance

of education and knowledge-sharing (Scott, Holland

& Sandifer; McNeil & Hildebrand). Motives of people
change rapidly, so human behaviour and the associated

socioeconomic changes in the long term are difficult to
predict with certainty (Pendleton & Thieler). The economic
pressures and short-term social and cultural values are
currently having much greater sway in the debate.

Three barriers to successful integration of structural and
behavioural solutions are identified as self-interest, mistrust,
and variable perceptions of resource amenities. (Crance &
Draper 175).

Proactive Adaptation

Adaptation is defined as being “in response” to change
but we need to be prepared to be “responsive” to any
eventuality. Adaptation and vulnerability are often discussed
with the focus on economic, social and ecological issues
as largely separate elements. Vulnerability is typically
defined around significant economic losses (Hayward; M.
J. Scott). The current focus of adaptive capacity building
is human persistence (Barnett), and the huge economic
costs (Hayward; M. J. Scott). It is important that ecological
systems and processes can continue to function with,

and through, human inhabitation to maintain resilience
(Barnett; Day, Christian & Boesch; Mercer, Clarke & Bard;
MacDonald & Thom; Nicholls & Klein; Klein, Nicholls &
Ragoonaden).

Resilience is the capacity of a system to absorb disturbance
and reorganize while undergoing change so as to still

retain essentially the same function, structure, identity and
feedbacks. (Walker, Holling, Carpenter & Kinzig 2)

Social and ecological systems are complex adaptive
systems and can exist in different kinds of stable states;

a shock or disturbance to any state will trigger a shift into
another through a process of readjustment (Walker & Salt).

Adjusting to living with the natural processes in the coastal
environs will require a change of attitude, priorities, and of
community understanding and awareness if there is to be

integrated coastal management, sensitive development
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Defining the Issues

and coastal inhabitation in our future (Barnett; Helvarg;
MacDonald & Thom; Nicholls & Klein; Turner, Subak &
Adger). We exist within a social-ecological system and it is
not possible to consider one component without the other.
The building of adaptive capacity, as with resilience, allows
for the absorption of, and recovery from, changes to lessen
vulnerability, when defined both as physical and economic
loss. The need for increased diversity and flexibility in
settlement patterns and management strategies is a
reflection of diversity and flexibility as strengths within the
natural environment (Barnett). Acknowledging that changing
conditions are the norm will lead to a more dynamic
approach to planning for the future (Halpin; Tol & Klein;
Turner, Subak & Adger).

Building Adaptive Capacity

The prolonged existence of human settlement in the coastal
zone requires greater adaptive capacity and embracing of
change. There needs to be a greater understanding of the
role that humans can play as part of the holistic system
and not as the primary component. In the socio-ecological
system adaptability can be defined by “the collective
capacity of the human actors in the system to manage
resilience.” (Walker, Holling, Carpenter & Kinzig 7). Our
way of life is completely integrated into, and reliant on the
continuing health and resilience of all inter-related systems
both natural and man-made.

Building adaptive capacity within coastal settlements

will increase their resilience and create space within the
community for the absorption of gradual changes, while also
providing a platform for faster recovery in the event of any
larger scale disturbances. Nicholls and Klein propose five
approaches to proactive adaptation to climate change:

1. Increasing robustness of infrastructural designs and long-
term investments

2. Increasing flexibility of vulnerable managed systems

3. Enhancing adaptability of vulnerable natural systems

4. Reversing maladaptive trends

5. Improving societal awareness and preparedness. (Nicholls
& Klein 221)

These approaches are tangible; they represent actions

and ideals that are accessible and have sufficient definition
to form a framework against which a design process and
outcomes can be assessed. They deal with both social and
environmental issues and cover concepts explored by both
IPCC and the Resilience Alliance. Proactive adaptation
needs to embrace the concept of redundancy in resilience
thinking by providing for change, in both social and physical
realms, without being specific about the form that it may
take, to build adaptive capacity. Adaptive capacity is

about latency and flexibility creating space for responsive
adaptation within the socio-ecological system. This is where
the link between resilience, or adaptive capacity building,
and design needs to be further explored so that resilience
can be given an accessible face that engages community
interest for reasons other than simple necessity.

The scientific prerogatives of reports dealing with the
natural environment often tend to sideline issues of socio-
environmental relationships, particularly on the coast.
While the ecological research is critically important, the
relationships between the natural environment and human
settlement need to be better articulated and the high value
of ecological resilience needs to be incorporated in the
socioeconomic values of community. Our relationship

with our environment needs to be symbiotic, and future
development needs to value and highlight these inter-
relationships and inter-dependencies.

The tensions between the natural coastal processes

and human inhabitation are most significant in sand spit
settlements. Sand spits are natural intermediary zones
between the sea and harbour or river mouth, their size

and shape fluctuating in response to the surrounding
environmental influences. The time scale for large changes
is long and so they often appear stable, but a single storm
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Defining the Issues

event can completely alter them. In these circumstances
the responsiveness is most critical, as natural systems
rebuild over time often taking on different forms. When
these dynamic landforms are developed the tolerance for
and ability to continually shift and respond is significantly
altered.

The indication from surveys undertaken by the Thames
Coromandel District Council on beach values was that the
public attributed the highest value to natural beaches with
intact dunes (Thomson). These are the environments that
attract the development initially and when these defining
features are lost due to over population and insensitive
development, the very identity of the resulting settlements is
also lost or significantly altered.

Inhabiting the Shifting Edge | 9



Research Question

Research Obijectives

What role can Landscape Architecture play in
increasing the adaptive capacity of coastal settlements
and ensuring the ongoing viability of both social and
ecological systems?

OBJECTIVES:

This masters design thesis focuses on the re-development
of coastal communities in sensitive coastal environments
from a landscape architecture perspective. It proposes that
landscape architecture and urban design should play a
much greater role in the building of resilience in sensitive
coastal environments as a mediator between social and
ecological requirements. In New Zealand the current
adaptive preference at the government level is managed
retreat, as it is the most cost effective method, yet it does
not acknowledge the long term social costs that impact

on the local communities and wider cultural connections

to place. This research project proposes that through the
provision of open space networks, that both absorb the
dynamic nature of the coastal environment and regenerate
the identity and amenity of coastal settlements, the adaptive
capacity of the community can be increased. This increased
provision of open spaces in coastal settlements strengthens
the natural buffer to coastal threats.

1. To show open space can increase flexibility,
responsiveness and adaptive capacity of the natural
and built environment.

By testing the effectiveness of changing the traditional
heavy pattern of development to release larger areas from
the built footprint, and creating more open spaces to allow
greater flexibility in the natural coastal systems. These open
spaces should have social and ecological functions that will
make them the focus for community building and greater
public awareness of natural coastal processes. Reducing
the extent of the built footprint while providing for the same
or even greater population capacity through changes in
density and clustering of development areas can strengthen
and enhance the sense of community.

2. To show open space in coastal settlements can
increase the robustness and ability to recover from
significant disturbances to the coastal environment.
By testing how enhancing the protective capacity of the

dunes through the regeneration of the natural environment
and the implementation of flexible man-made systems that
reinforce them, will increase the resilience of the coastal
settlement. Greater diversity and flexibility in both the social
and ecological system also creates greater robustness and
ability to adapt to changes and recover from shocks.

3. To reverse the maladaptive trends in coastal
development and create a more responsive and
sensitive model of settlement.

Increasing the diversity of the development pattern, through
zoning, property and building legislation, allows a wider
range of people to buy into these settlements and ensure
that they do not continue with the trend toward prohibitively
expensive and exclusive resort towns. Addressing the
existing maladaptive development trends will shift the focus
of coastal settlements back to the coast itself.

4. To increase community and public awareness of

and engagement in the natural environment and its
processes.

Providing tangible responses to potential threats to human
investments in the sand spit which are responsive and
sensitive to the natural processes while providing a visible
solution. The restructuring of ownership in the coastal
environment, and encouraging responsibility for the health
of the complete coastal system, are important steps towards
changing attitudes toward private land ownership and
community engagement. Building social capital, community
identity and symbiotic inter-relationships within the socio-
ecological system are critical to the resilience of coastal
Settlement.

The intention is to create a coastal settlement that
celebrates the natural processes and surroundings, and
provides an environment that encourages both social and
ecological capital building.
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Methodology

This thesis focuses on developing and testing a model for
increasing the adaptive capacity of sand spit settlements
in New Zealand with regard to the threats and impacts of
climate change. It is design led.

The literature review process defines the issues both
globally and for New Zealand and provides a framework
for the assessment of the design process and outcomes.
Design studies of three representative sand spit
settlements, in the form of a multiple case study process,
provide the platform for analysis and testing. The intention
for a design outcome means that a case study process
is not entirely appropriate, as interventions at all three

of the sites is intended. Site analysis at all three sites is
identical to ensure that comparisons can be made and
corresponding information can be identified as typical.

SITE ANALYSIS COMPONENTS:
+ Context analysis
+ Geomorphological analysis
+ History of development
+ Urban and Green space character analysis
+ Style of development
+ Existing threats
+ Impacts of sea level rise
+ Resilient and maladaptive attributes

It is predicted that all three sites will be vulnerable to the
impacts of climate-related changes, especially sea level
rise. The data for sea levels and potential inundation levels
is taken from local council information and information
available through the New Zealand Ministry for the
Environment. Levels are approximate and intended to be
indicative only. Detailed data on site-specific sea level
variations, and variations in impact of storms at all three

of the design study sites is not readily available. A series
of inundation levels are calculated for the testing process.
They included Significant Wave Heights, El Nino Southern
Oscillation influenced rises, IPCC Sea Level Rise predicted

rises, storm surge levels and fluctuation due to air pressure.

There is potential for all levels to be exceeded, as the
values are averages. Tsunami impacts are discussed

in the design study stage but not specifically part of the
testing process. The assumption is that lower level waves
(2-5m) will respond similarly to levels suggested for storm
impacts and larger waves (6-14m) will wipe out all of the
settlements.

The development and design of strategies to increase
adaptive capacity was achieved through an iterative
process of testing at all three sites. Research on existing
methods of response to identified threats provided some
inspiration and this is then refined in response to typical site
conditions. Detailed design at one of the sites (Omaha, NZ)
allowed the strategies to be tested and applied in response
to more specific site conditions.

The outcome of this research is a series of principles
for increasing the adaptive capacity of existing coastal
settlements. These principles may also be relevant
guidelines for the proposal of new developments.

Inhabiting the Shifting Edge | 11



The Threats

The issues of erosion (Figures 11 & 12) and coastal STORMS
inundation (Figures 13 & 14) are constantly plaguing "‘
coastal settlements. The threat of tsunami in many coastal
areas is known but the long return period for such events
means they are often barely acknowledged, although this

is changing in the aftermath of the 2004 Indian Ocean
Tsunami (Figure 17). The continuing rise in sea levels is
increasing the severity of these known threats. In some
places erosion has completely undercut houses and made
inhabitation of coastal areas inviable. Salt water inundation
infiltrates the water table and causes vegetation die off.
Damaging storm waves (Figures 15 & 16) have an erosive
power that impacts both above and below the water line.
Tsunami waves also have significant erosive impact below
the waterline. Waves meet hard protection structures and
run along their face scouring sand and when they eventually
reach softer surfaces the erosive power has increased in
intensity and the damage is far reaching.

EROSION COASTAL FLOODING

-

Phillipine .
Piate Qg = A TP T e S g

Pacific Plate
Inconesia

i 'ﬁ?j&‘

lgdo-dt_@t g Plate

Figure 16. Stor washes thrdugh house
TSUNAMI

New Zealand

Antarctic Plate

Figure 11 Coastal Erosion at Figure 13. Coastal Flooding
Buffalo Beach, Whitianga, 2001

Figure 18. The Pacific Ring of Fire. Earthquakes and volcanic activity along the fault
lines create distant and local tsunami threats to the New Zealand coastline.

23
T S

Figure 12. Severe erosion at Figure 14. Coastal Flooding,
Ohiwa Spit, Waikato Omapere Beach, Northland
engulfs fleeing people, 2004
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The Threats
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The base of a wave below the water
is a mirror of the wave height above
the waterline. In larger storms this
can cause huge amounts of sand to
be removed due to the erosive power
of the waves.

The existing mode of waterfront
development has seen houses built
well within the dunes and often

on top of the flattened foredunes.
This makes these properties highly
vulnerable to erosion, storm wave
damage, inundation and complete
destruction from tsunami.

As sea levels rise these impacts will
only increase, as the reach of the sea
extends further inland.

Houses built behind the initial

dune line and on higher ground

are much less vulnerable to these
threats, although tsunami remains
a significant threat to all low lying
coastal areas. The dunes provide a
protective barrier that dissipates the
wave energy as it moves inland.

Sea level rise will increase the
likelihood of inundation and erosion
issues but these properties are still
far less vulnerable than those within
the foredunes on lower ground.

Tsunami wave

Storm wave & wind
Spring tide & wind
MSL - — — — — — — = ,Ai
wave base
storm wave base

Figure 19. Wave threats to waterfront
properties in maladaptive coastal
developments.

Tsunami wave

Storm wave & wind
Spring tide & wind

wave base

storm wave base Figure 20. Sea level rise influence on wave

threats to waterfront properties in maladaptive
coastal developments.

Tsunami wave

Storm wave & wind
Spring tide & wind

Figure 21. Wave threats to waterfront
properties in coastal areas with setback
controls.

wave base
storm wave base

Tsunami wave

Storm wave & wind
Spring tide & wind

msl

wave base
storm wave base

Figure 22. Sea level rise influence on wave
threats to waterfront properties in coastal
areas with setback controls.
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DESIGN STUDY ANALYSIS
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Tauranga Figuré 23. Context Map adapted from Google Maps 2010
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Introduction to Design Studies
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The literature review process identified a worldwide trend of
developing the sensitive and ephemeral barrier formations
on our coast and in particular highlighted the nature of the
development style and size of financial investment in these
areas that are under threat from climate related change and
sea level rise.

These cases are representative of the sand spit holiday
resort developments undertaken in New Zealand since
the 1960s. Each design study site is a holiday resort
located approximately 2 hours from the nearest large
city; the population is primarily temporary with a seasonal
peak occurring over the Christmas/New Year period. The
cases are limited to the highest profile of these coastal
resort communities, and those that were most similar in
development time line to the pilot case. A common format
of analysis was developed through the pilot case study and
this was then undertaken at all three case study sites to
identify the key similarities and differences.

The case studies investigate the characteristics that make
these sites attractive for coastal development and also
the characteristics that are vulnerable to the increasing
impacts of climate change. This project analyses the style
of development undertaken and the responses at the

time to the recognised erosion and inundation threats. It

also investigates the potential new threats that were not
accounted for and the impact that the changing climate
will have on those existing threats. All of this information
is layered onto foundation analysis of the physical and
systems characteristics of the site and wider catchment
context.

A pilot study at Omaha generated and structured the format
for the case studies there and at 2 other sites: Matarangi
and Pauanui. By undertaking a thorough study of Omaha
and its surrounding context it was possible to identify issues
in relation to development styles and the tensions with
increasing threats of climate change-related impacts. The
resulting structure for analysis of all 3 sites focused on the
nature of these threats and the impacts they would have

in each community. This could then form the basis design
responses to these threats at Omaha that were then tested
at the 2 other sites. The way in which all 3 sites responded
helped to develop and fine-tune a design-led response for
Omabha that could form the basis for future re-design of
coastal settlements, and inform the design of future coastal
development in similar environments.
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Sand spit Characteristics

Sand spits typically form across the mouths of rivers or \
shallow harbours. Sediment that is washed down by the
waterways and inland by the currents is piled up by the

. 7
competing forces of river outlets and coastal currents. . //
The coastal currents on the east coast of New Zealand’s ‘/
North Island run northwards causing the sand spits to A N

form with a northern orientation. The formation of the spit
pushes the outlet channel to the northern most point. The
dunes build towards the sea with new sediments being
supplied by the coastal currents and delivered by the tides,
then blown ashore by the onshore winds. The silts and
sediments running off from the surrounding landscape wash
down-stream by the water ways and accumulate behind
the dunes, building sand spit slowly inland, low and flat.
Because these landforms are actively building and shifting,
the dunes never grow to great heights, instead forming
rolling, often parallel, rows along the length of the spit. The
foredunes are often the highest, though older dunes that
have stabilised may be higher due to more active building

adapted from Schofield
In geological timescales, sand spits are ephemeral Omaha spit across the mouth of the Whangateau harbour showing the
landforms. Lying as a protective barrier between sheltered out flow of the waterways and the direction of the prevailing coastal

longshore current.

water and open water environments, they are vulnerable
to impacts of both river wash-outs and coastal storms.
Flooding can cause the river to re-route across the spit

in the most direct path to the sea, just as large swells or
tsunami can breach the spit from the seaward side through
to the harbour.

A. The sand spit builds across the mouth of the harbour in the
direction of the longshore current.

B. The sand spit collects alluvial material along its inner harbour
edge, the dunes and beach build out seaward, while the spit tip
typically tends to erode along the harbour edge.

C. The spit tip is the most mobile part, shifting in response to
harbour currents, tidal flows and sediment supplies. C.
Figure 26. Sand spit building adapted from Schofield
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Sandspit Characteristics

R growth & exploitation phase (progradation)

K conservation phase (stabilisation and erosion)

Omega collapse and release phase (significant change)
Alpha reorganization phase (re-stabilisation and progradation)

SHIFTING
Loose sand blows
inland.
ERODING BUILDING
Long shore currents Wind-blown sand builds
remove sediment against vegetation and
from the harbour structures.
edge.
The vegetation STABILISING

stabilizes with root
systems and soil
development.

Figure 27. sand spit feedback loop
adapted from the Resilience Aliance adaptive cycle
(Walker, Holling, Carpenter & Kinzig)

< onshore winds

EROSION PROGRADING

dunes build seawards

harbour tidal currents onshore wind carries sediment inland

The tidal current move sediment back
to the ocean side, this material can
then be carried inland again via the

onshore winds.

Figure 28. natural sand spit cycle

?

saltmarsh
sand marsh
swamp forest
fore dune
sand binders
beach

sand plain
shrub and herbland

ephemeral wetland
moist lowland forest
duneslack/wetland
back dunes

stable dune shrubland
dry lowland forest

Figure 29. Dune domains
adapted from Gabites

The spit’s natural cycle is a continuous loop: building,
shifting, stabilising and eroding (Figures 27 & 28). As

the dunes migrate inland and the spit builds towards the
sea, the vegetation acts to stabilise the loose sands and
generate topsoils. This succession moves with the dunes
and as blowouts occur and sand is released from the
ground cover the process begins again (Gabites). The
harbour edge of the spit is prone to erosion as the tidal
and long shore currents remove sand and carry it back out
into the bay where it is eventually recycled back onto the
spit. Sand spit comprises of a succession of dune domains
(Figures 29-32); the foredunes are characteristically
unstable, exposed to king tides and salty prevailing winds,
and have dry, no or very poor soils. The back dunes are
more stable, less exposed, and are dry, with a soil layer
developing (as soil develops the back dunes become
stable). The dune slacks/wetlands are low points where
the water table has been exposed. They tend to be wet
with peat and biomass developing, raising surface above
the water table, where fertile soils develop. These low
lying areas are prone to frost where they are sheltered
from coastal breezes. Eventually they develop into lowland
swamp forest. The inner harbour edge supports salt marsh
which develops on tidal mud flats in sheltered waters,
helping to filter sediment rich water and providing habitat for
spawning fish and wading birds.

Figure 31. Back dunes Figure 32. Foredunes

Figre 30. Welan
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Design Studies: Omaha
CONTEXT ANALYSIS |y

commercial areas

Figure 34. Figure ground of Development PHASES adapted from Omaha

%, ", \i.' ‘-.'.\ ) \l/ public boat ramp/wharf Coastal Compartment Management Plan (Beca Carter Hollings & Fermer)
forestry
D.O.C. scientific reserve
golf course

waterfront reserve
wildlife reserve
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’ ‘({ r i \l/ 4 Omaha Bay
o ) Omaha Matakana
‘ L 14 \ ~d Whangateau population: 387
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1 o " { Leigh
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r b - 1
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n s g N ’ & £ el QY o (;( & e Figures 35 & 36. Erosion and storm damage to the timber seawall at Omaha
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f 'I l / S . S --.-f-\r \ f{.‘_‘ )y \\ s j:f__‘n“ . .
= o4 e O #.u Figure 33. Site Map adapted from Google Maps 2010 s present), followed by the southern end being granted

location: 1 hour drive north of Auckland

initial development: 1969

developers: Broadlands Finance

The development of Omaha happened in a series of
stages. Original plans included high-rise buildings, shops
and a casino. Instead a ‘traditional’ subdivision for 520
houses was built along 1km of the coastline north from

the causeway. Erosion was already an issue before
development took place; an overseas consultant proposed
a timber seawall along the 1km of developed beach,
restricting access to a few places, plus sand replenishment.
The foredunes were bulldozed to lower them by 3m to

increase views of waterfront properties. This development
included the planning of the golf course reclamation and
the causeway. Three significant storms hit Omaha hard
following the completion of the initial subdivision in October
1975, in April 1976, and the largest and most destructive
in July 1978, which washed away the timber seawall and
waterfront properties (Figures 35 & 36). The July storm
was a combination of a high tide and north-easterly winds.
The following phase of subdivision extended the original
development towards the north of the spit. (The northern-
most sections of this extended subdivision have not been
made available for purchase although all infrastructure

consents in 1999. The Omaha South development extended
the coastal suburb south to the heel of the spit. This latest
development also extended the golf course and encouraged
the development of a commercial zone for the suburb.
These later developers did learn from the mistakes of the
initial subdivision and the waterfront properties were set
back further in the northern extension, and in the southern
development the fore dunes were largely untouched and
the setback even more significant although the practice of
flattening the back dunes was maintained throughout all
development. The Omaha south development still has a
large number of undeveloped sections.
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Design Studies: Omaha

ohuroa stream Figure 37. GEOMORPHOLOGICAL ANALYSIS

/ adapted from GNS
0

Mangatawhiri Spit (Omaha) is made up of both
dune sand and alluvial sediments deposited
by the waterways feeding into the harbour.
The dune sand builds up along the seaward
coast and the alluvial material collects along
the harbour shore. Point Wells is also sited

on an older sand spit formation, composed
predominantly of alluvium. The material that
forms the surrounding hinterland is harder.

Little Omaha Bay Ti Point is a basalt headland that directs the
outlet of the harbour in relation to the sand spit

tip.

Flood Basalt - Tertiary volcanics

N

7// Calcerous Sandstone & Siltstone (Waitemata
7 ; . .
formation) Tertiary sediments
Alluvium - Late Quartenary sediments

Dune Sand - Late Quartenary sediments

+

+

+ + Postglacial Alluvium
+ +

Sandbars/mud flats

/A ;—:7 Mangroves / Saltmarsh
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Design Studies: Omaha

URBAN CHARACTER ANALYSIS

Omaha is accessed via a causeway that meets the spit half
way along its inner harbour edge. The most public facilities,
including the surf club and, more recently, a small collection
of shops, are situated in the centre of the spit directly in line
with the causeway. Other than this primary beach access
point and commercial centre there is relatively limited public
beach access that is of high visibility due to the layout of the
waterfront properties and street network.

Roads tend to run parallel to the beachfront with a line of
properties, often two deep, between the street and beach.
This is also apparent on the inner harbour waterfront (1

& 2). There are very few streets that run directly to the
beachfront without being interrupted by private properties.

Waterfront properties tend to have a greater proportion of
property covered by building. The inner harbour waterfront
properties are most visually prominent from beach/

sea and there is minimal waterfront reserve on harbour
edge. The community is based around the recreational
facilities provided, primarily the golf club, although there
are bowling greens, tennis courts, and a boat ramp and
wharf at the northern end. The new commercial area (3) is
centralised to provide for the most developed areas of the
spit. The southern subdivison is settled most sensitively

in the environment, with setbacks and encouraging dune
environments, while also increasing the open space

links through the developed area. However it has many
properties that are not fully developed, and many sections
lying empty due to the property market crash.

average CAPITAL value:

t—average LAND value:
$441,666.67
$729,166.67
t—average LAND value:
$1,731,666.67
average CAPITAL value:
$2,141,666.67

P

Figure 38.

Figures 39-41.
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Number of sections:
North 773, South 538 = total 1,3
Number of houses built:

North 750, South 286 = total 1,036
Number of undeveloped sections:
North 23, South 252 = total 275
Number of permanent residents:
354 (Nov. 2006 census)

Number of peak residents (Christmas/New Year period):
approx 15,000+
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The street pattern creates the underlying structure for

residential clusters, though at the northern end the lack of
interconnectedness and the higher density of the developed

area means this structure is lost. The southern subdivision
creates successful clusters with clearer neighbourhood definition.
However, the interconnectedness within the cluster area could be
further strengthened.

The streets in the original
subdivision appear to have been
laid out for grandstand views. The
modification of the dunes created
a single spine in this area rising up
from the beach and falling towards
the golf course.

Figure 44. ‘ .

In the northern subdivision the topography is slightly more varied. The
street pattern maximizes beach frontage and, where possible, views.
The southern subdivision created largely flat development areas
minimising the need for the roads to follow the topography.
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Design Studies: Omaha

Figre 45. Public walkways through
residential area at northern end of spit

Figure 46. Public walkways through
dunes at southern end of spit

Figure 47. Conservation reserve
area, nationally important example of
coastal swamp forest succession

Figure 48. Public open spaces in the
southern subdivision

Figure 49. Dune environment

GREEN SPACE CHARACTER ANALYSIS

The golf course is an important recreational draw-card for
residents. Omaha has a network of small, green space
pathways that link through the residential blocks to larger
inland open space areas and to the waterfront reserves.
These pathways are not clearly defined in most areas, and
the fencing of properties adjacent to them further closes
them off to the public. There is a network of walkways,
through the dunes on the seaward side of the southern
subdivision, that connect through the open space areas
back to the main street. The open spaces between the
southern neighbourhoods correspond to low-lying areas in
the dunes.

There are large conservation reserve areas on the inner
harbour shore containing extensive lowland swamp forest,
that is nationally significant, and native wetland and salt
marsh ecologies form a scientific reserve. The spit tip is an
important nesting habitat for endangered shore birds such
as the NZ dotterel.

The foredunes of the northern subdivision have been
modified, but lessons learned from early storms that wiped
out the initial subdivision mean that they are relatively well
formed and ‘natural’ in appearance. The houses have been
constructed to heights that ensure they are not visible from
the beach. The later subdivisions of the spit have increased
the setbacks of the seaward waterfront properties, although
the inner harbour waterfront reserve is much narrower,
though no less threatened from erosion or inundation.

The dunes in front of the northern-most properties have
been largely left as original and are significantly higher
than those along the rest of the beach. Dune and wildlife
protection measures are most prolific at the northern end
with only board walk access to the beach and large areas
of the dunes being fenced off. Private properties still have
some pathways through the dunes to the beach though
these are strongly discouraged.

adapted from Alggi (Auckland Council GIS Viewer)
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Figure 50. Omaha Green Spaces
stream/wetland area
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Design Studies: Omaha

Figure 51. TSUNAMI THREAT ANALYSIS 3 ‘ , N The outlying Islands of the Hauraki gulf

adapted from Tonkin & Taylor Ltd A ) \ provide some protection from the larger
f  it e ’ waves. Omaha is at the northern-most

\ : ‘ f reaches of the gulf and is classified

S (( as open coast. Great Barrier and Little

ot Barrier islands lie to east of Omaha and

s would provide limited protection from

x A distantly generated waves.

A tsunami triggered in Chile has the
most direct route to our coast and in
Auckland the largest wave on record
was 3m above sea level. Indonesia

is another source that has generated
a 2m wave. Other distant sources
have created minimal waves. Locally-
triggered tsunami arrive much faster
and can be much larger.

v

The largest record of a locally-triggered
wave generated in the Bay of Plenty
was 14m high in the Auckland area.
The biggest tsunami triggered within
the Hauraki Gulf was 2m (ARC).

/ Tsunami threat zone: 40m above
%{\ MSL/1km inland
o % Figure 52. adapted from Google Maps 2010
‘ . Outlying Islands
" ~
A \‘\\
o i Little Barrier
) ) N Island Great Barrier

/ Island

e Omaha
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Design Studies: Omaha

Figure 53. OMAHA COASTAL THREATS
adapted from Tonkin & Taylor Ltd. and Hume, Oldman & Black

Figures 54-58. IMPACTS OF SEA LEVEL RISE
adapted from MFE

Mean Sea Level = 0.0m

E Winds occur in the North
to East sector up to

Mean Sea Level = 0.0m

...... ENE 20knots approximately
€ 299% of the time, and over Storm Surge = 0.9m
...... 20knots approximately 3% ENSO = 0.2m
..... of the time.

Low pressure = 0.2m
Significant Wave Height = 3.5m

N.B: Most predominant
winds in the area are from
the South to West sector.
. (ARC1996 in Tonkin Taylor,

2005)

IPCC SLR 2100 = 0.5m

Storm Surge = 0.9m

ENSO =0.2

Low pressure = 0.2

Significant Wave Height = 3.5m

The southern end of the spit
receives the most direct force
of the prevailing wind and
wave patterns.

The northern end is affected

by easterly winds and the
bending waves, but most
significantly by the tidal
currents running out through
the narrow harbour mouth.

IPCC SLR 2050 = 0.2m

Storm Surge = 0.9m

ENSO =0.2m

Low pressure = 0.2

Significant Wave Height = 3.5m

.

WORST CASE SCENARIO
IPCC SLR 2100 = 0.88m

Storm Surge = 1.0m

ENSO = 0.25m

Low pressure = 0.3m

Significant Wave Height = 4.0m+

LTSI B

\ - == predominant wave pattern
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Design Studies: Omaha

RESILIENT ATTRIBUTES: /\
1. Maintaining the natural foredunes, in places, as a
protective barrier to properties.

2. Golf course sited on low lying land rather than residential
development.

3. Central commercial area and community focus of surf
club. Highly legible public beach access and parking within
in short distance of spit access.

P’
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4. Provision of open space in low-lying areas allowings for
potential inundation without threatening properties.

~
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5. Conservation of nationally significant ecologies.
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6. Clustering of residential development set back from the
foredunes and above the low-lying inundation vulnerable
areas.

7. Provision of a network of walkways within the dunes
to encourage focused access points to beach, thereby
protecting delicate dune vegetation.

8. Pedestrian-focused walkway network throughout >
residential areas.
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Figure 59.
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Design Studies: Omaha

Building in sand spit environments is, in itself,
a maladaptive practice. The shifting and
dynamic nature of these landforms means
that any development will compromise their
adaptive capacity simply through limiting this

responsive shifting.
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Figure 60.
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MALADAPTIVE ATTRIBUTES:

1. Construction of groynes in response to erosion of spit tip,
later discovered to be caused by sand mining in the harbour
mouth. The groynes lock the spit tip in place.

2. Building too close to the beach, often within the
foredunes and potential inundation areas. Harbour beach
properties are prone to erosion of the coastal edge.

3. Lowering of the foredunes to increase views also means
the protective barrier is compromised.

4. Construction of protective seawalls along the harbour
edge, due to erosion caused by the increased tidal currents
flowing through the causeway bridge.

5. The street layout is not conducive to connectivity. No
clear neighbourhood blocks and lack of legibility makes
these residential areas very closed.

6. Streets running parallel to beach front with two-property
barriers between street and beach further limiting the
access to, and legibility of access to, the beach.

7. Long rows of beach front properties leads to the creation
of large numbers of ‘private’ pathways across dunes to
beach, which harms the delicate native vegetation that
stabilises the sand.

8. Single access point creates a potential deadlock in the
event of necessary evacuation or damage to the access
causeway.

9. Causeway across the harbour creates a barrier to the
waterflow from the southern catchment area, making it
vulnerable to wash out damage.

10. Building houses in low-lying areas areas vulnerable to
inundation and flooding.
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Design Studies: Pauanui

CONTEXT ANALYSIS 3~

location: 30min flight, or approximately 2 hour drive from
Auckland

initial development: 1967

developers: Hopper Brothers

Pauanui was the first development of its kind, where
developers attempted a ‘garden’ subdivision. It is different
to the typical/traditional 1960s coastal developments with
their ‘grid-like row of sections close to the beach front with
minimum supporting infrastructure’ (Peart). The design
was done by Frank Easdale, a surveyor, who implemented
design controls, provided recreational activities and started

-

commercial areas
J, public boat ramp/wharf

forestry

1 D.0.C. scientific reserve
golf course
waterfront reserve
wildlife reserve

Tairua
population: 1266

D). SN total dwellings: 1,473 (840 unoccupied)

the Pauanui Club. The results were more reminiscent of a
garden suburb than a coastal village. The first part to be
developed was the airstrip across the centre of the spit to
provide access. The bulk of the spit was developed at the
same time within a network of wide double carriageway
streets. The properties stretch to the very outer limits

of the development envelope. Further extensions have
been made more recently at the heel of the spit with the
construction of a canals development. The ‘Waterways
canals development’ began in the 1990s and there are still
many undeveloped sections.

Figure 62. Figure ground of Development PHASES adapted
from Peart (2009)

Original development

Waterways canal development

Figure 63. High tide laps at the
eroded face of foredunes at Pauanui.

Figure 64. Flooding of the
Lakes golf course adjacent
to the Waterways canals
development.

Figure 65. Flooded access
road, Pauanui.
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Design Studies: Pauanui
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Figure 66. GEOMORPHOLOGICAL ANALYSIS
adapted from GNS

Pauanui has formed across the mouth of
the Tairua river between the hard material
of Paku and the surrounding hinterland.
Ocean beach has also formed between
Paku and the harder material to the north
although the river outlet does not currently
cross the sand bar. Pauanui is composed
almost entirely of dune sand while Ocean
beach is largely composed of alluvial
material. Paku directs the river outflow
around the tip of Pauanui.

‘ | | Pumiceous Pyroclastics - Tertiary volcanics

ggg% Ryolite of dissected doves and flows
: Tertiary volcanics
Andesite of flows - Tertiary volcanics

Alluvium - Late Quartenary sediments

Dune Sand - Late Quartenary sediments

+ o+

+ + Postglacial Alluvium
+ +

Sandbars/mud flats

;j Mangroves / Saltmarsh
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Design Studies: Pauanui

Figure 67. URBAN CHARACTER ANALYSIS
Pauanui was planned as a garden suburb, and much of

the beach feel of the settlement is lost in the attempts to
create a lush manicured green ‘garden’ settlement. The
main access road feeds through the whole spit community
in a loop. The spit is accessed from the heel and the dual
carriageway roads were designed to be generous and have
wide swales and central vegetated medians. This adds to
the ‘garden’ suburb feel but also takes away from the sense

2
of being in the coastal environment.
There is limited public beach access that is of high visibility
due to the layout of the waterfront properties and street

3 network. Roads tend to run parallel to the beachfront with

commercial zone a line of properties, often two deep, between the street and
beach. This is also apparent on the inner harbour waterfront
(1 & 2). There are very few streets that run directly to the

© beachfront. Waterfront properties tend to have a greater
proportion of building coverage. The waterfront properties
are most visually prominent from beach/sea and foredunes

are understated to the point of being unnoticeable.

= primary road
— secondary road
tertiary road

The Pauanui surf club is the focus of many beach based

. activities as is the Pauanui Club, an umbrella for the golf
-~ B S clubs, and other interest clubs and groups. Pauanui also
has a shopping centre and large recreational facilities. The
commercial area (3) is centralised to provide for the most
developed areas of the spit. Through the centre of the

$ 897,500.00
|—average CAPITAL value:
$1,932,500.00
$1,403,333.33
$581,428.57
average CAPITAL value:
$775,714.29
$1,407,142.86
average CAPITAL value:
$1,796,428.57

$993,333.33
average CAPITAL value:

of the new Waterways canal subdivision on the inner
shore at the heel of the spit still has sections that are not
developed.

average LAND value:
—average LAND value:
|—average LAND value:
|—average LAND value:

Figure 68.

=

- C
Figure 69.

Pauanui settlement is the airstrip with adjoining properties
allowing for aircraft to be stored ‘at home’. The development *

Number of sections: 2,116

Number of houses built: 1,911

Number of undeveloped sections: 205

Number of permanent residents: 699 (population report, Jan 2005)
Number of peak residents (Christmas/New Year period): 11,926

(population report, Jan 2005)

-,

Figure 70.
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Design Studies: Pauanui

GREEN SPACE CHARACTER ANALYSIS

Pauanui has a network of green space pathways that
link through the neighbourhood blocks to larger inland
open space areas and to the waterfront reserves. The
development was planned for the whole spit from the

outset, the development covers the whole area uniformly. N7 Dotterel and

Variable Oyster Catche
The larger open spaces are situated at the centre of the nesting area

settlement, pushing the developed area further towards the

delicate edge. Golf courses are an important recreational

draw-card and there are two separate courses, with

the second being developed alongside the Waterways

development on the inner harbour heel of the spit. There are e highly modified dunes
extensive recreational facilities provided for the residents of

Pauanui including an indoor sports complex.

Figure 72. Waterfront reserve and
modified dunes. The foredunes at Pauanui have been highly modified

o and appear more like a grass berm than natural dune
environments. The larger exotic trees that frame the houses
visible from the shore, adds to the more developed feel of _
the beach. The waterfront reserve area provides coastal sJ¢———— highly modified dunes
open space that is flat and highly modified, the seaward-
most edge is a dune-like bank with some native sand
vegetation. The waterfront reserve area along the harbour

Figure 73. Waterfront reserve. shore is even narrower than the seaward area, the calmer

waters likely encouraging the closer proximity of waterfront T // * stream outlet
properties to the water. ace i/

At the southern end of the spit on the seaward side the 5

outlet of the stream is ‘daylighted’ into public openspace.

Prior to this point it runs between property boundaries and Figure 76. PAUANUI GREEN SPACES beach
under the road, Iargely out of pUblIC view. adapted from Thames Coromandel District Council

Intramaps Viewer beach reserve
public openspace
golf course

conservation area

Figure 75. Stream outlet at
southern end of spit
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Design Studies: Pauanui

Pauanui is at the northern end of the

arc of the Bay of Plenty and has few
outer-lying islands that would provide
protection from tsunami. Slipper Island
and Shoe Island may provide some
protection from the wave surge. Any
wave surge would run up Tairua River
and cause damage far further inland
due to the ‘bore’ effect created in narrow
waterways.

Figure 77. TSUNAMI THREAT ANALYSIS
adapted from Tonkin & Taylor Ltd.

Tsunami triggered in Chile would have
the most direct route to the coast. The
Coromandel Peninsula would provide
some protection from waves from
Indonesia.

The Bay of Plenty has a history of
tsunami triggering events, such

as landslides below the sea and
earthquakes generated by the action of
the subduction zone that dissects the
bay. Locally triggered tsunami arrive
much faster and can be much larger.

The largest locally-triggered wave

on record was generated in the Bay

of Plenty, and was 14m high in the
Auckland area (ARC), and would have
arrived at Pauanui within seconds of the
triggering event.

Tsunami threat zone: 40m above
MSL/1km inland

Figure 78. adapted from Google
Outlying Islands Maps 2010
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poselssese bo%s
e R
R R R

% XSS IR KKK o% 0% % %%
it B RIS Shoe Island
ZLRAS 09000 e e e o0
1R HRRIARK GGG IER IR R K I II K IR IH IR KK X IR K XK IH KKK IR IR XK I K KX
SRR R R BRI
SRXXRLRNNAXK, R R R R R R R
RIS A
L PR auanui
. G RRKLRIKRREEK,
oetosesetosetosedesotets!
‘ ‘ 20%%%

30 |Inhabiting the Shifting Edge



\ Figure 79. PAUANUI COASTAL THREATS
adapted from Wood 2010

Winds occur in the East
North Easterly sector
with winds over
22.5m/s occuring 18%
of the time from the
ENE or 60deg. and 15%
of the time from the
East or 90deg. (Woods)
N.B: Most predominant
winds in the area are
from the South
Westerly sector

Pauanui is open to the
prevailing wind and wave
directions, with the northern
headland providing some
shelter from northly winds
and swell. The southern end
of the beach is open to all
onshore impacts.

4m inundation

— — predominant wave pattern

IPCC SLR 2100 = 0.5m
Storm Surge = 0.9m
ENSO =0.2

Significant Wave Height

IPCC SLR 2050 = 0.2m

Storm Surge = 0.9m

ENSO =0.2m

Low pressure = 0.2

Significant Wave Height = 3.5m

WORST CASE SCENARIO
IPCC SLR 2100 = 0.88m

Storm Surge = 1.0m

ENSO =0.25m

Low pressure = 0.3m

Significant Wave Height = 4.0m+
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Design Studies: Pauanui

RESILIENT ATTRIBUTES:
1. Pedestrian-focused network of walkways through the
residential area.

2. Large open spaces at the beach front, visible and
accessible.

3. Central commercial area and community facilities
centralized within development area.

4. Open space and road acess to higher ground from the
spit.

5. Access from spit heel.

boatfamp &wharf
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Figure 85.
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Building in sand spit environments
is, in itself, a maladaptive practice.
The shifting and dynamic nature
of these landforms means that any
development will compromise their
adaptive capacity simply through
limiting this responsive shifting.

boatamp & wharf

Figure 86.

Design Studies: Pauanui

MALADAPTIVE ATTRIBUTES:

1. Modifiying and lowering the dunes, especially the
foredunes. Lowering of the foredunes to increase views also
means the protective barrier is compromised.

2. Building too close to the beach, often within the
foredunes and potential inundation areas. Harbour beach
properties are prone to erosion of the coastal bank.

3. Building houses in low-lying areas vulnerable to
inundation and flooding.

4. Streets running parallel to beach front, with a two-
property barrier between street and beach, further limits the
access to, and legibility of, access to the beach.

5. The street layout is not conducive to connectivity. No
clear neighbourhood blocks and lack of legibility makes
these residential areas very closed.

6. Dual carriage way roads increase the hard surface area
and therefore stormwater run off.

7. Single access point creates a potential deadlock in the
event of necessary evacuation. The access road is prone to
severe flooding.

8. Large open spaces at the centre of the spit focus
development to the edges, hardening them and making
them less flexible.

9. The Waterways canal development is built entirely on
lowlying reclaimed land making it highly vulnerable to
flooding and land subsidence.
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location: 30min flight, or approximately 2 hour drive from
Auckland

initial development: 1978

developers: Ken Woodhead & Warrick Keddle

The development of Matarangi sand spit was first proposed
in the early 1970s but didn’t take off until the mid 1990s
with the development of a world-class golf course at the
spit tip. Lindsay Gow, a council planner at the time of the
initial development proposal, had a vision of clusters of
houses set back from the coast leaving large parts of the
spit unmodified. New Zealand wasn’t ready for this forward

Whangapoua
population: 93
total dwellings: approx. 395 ( approx. unoccupied)
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Figure 87. Site Map adapted from google Maps 2010
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thinking strategy and still wanted to build as close as
possible to the sea. The original sections were therefore
built close to sea, dunes lowered for views and flat sections
leaving these properties highly threatened by erosion and
inundation. Later waterfront properties toward the spit tip
were developed with much larger setbacks. The seaward
side of the spit was the first to be developed with new
areas of development emerging more recently on the inner
harbour side, still with many empty properties. There are
fears in the community that the sand spit is already over
developed, but the Thames Coromandel District Council

Figure 88. Figure ground of the Development PHASES
adapted from Peart 2009 .

commercial areas
J, public boat ramp/wharf

forestry

[0 D.O.C. scientific reserve
golf course
waterfront reserve
wildlife reserve

original subdivision

new subdivision started

most recent subdivision

Figure 89. Flooding
on the main Matarangi
access road.

believes it can handle much more development. This
difference of opinion reached the courts in 2000 when
further subdivision of the eco-sensitive wetland area,
planned by Matarangi Beach Estates, is being opposed
in the environment court by the Matarangi Ratepayers
Association.
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Design Studies: Matarangi

Figure 90. GEOMORPHOLOGICAL ANALYSIS
adapted from GNS

Omara spit (Matarangi) has formed across
the mouth of the Whangapoua Harbour. The
surrounding hinterland is a harder material
with the waterways depositing eroded alluvial
material in the valleys and harbour. Matarangi
is composed predominantly of dune sands.

Ring's

- B Matarangi Beach

 MATARANGI - OmarasSpit |~

- Otanguru Stream. | -

\\

o V\@raCree :
A :E Andesite of flows - Tertiary volcanics

= | Alluvium - Late Quartenary sediments
Dune Sand - Late Quartenary sediments
Sandbars/mud flats

:5 ; Mangroves / Saltmarsh
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Design Studies: Matarangi
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$ 385,000.00
average CAPITAL value:

average LAND value:
$930,000.00

1

2

3

$174,166.67
average CAPITAL value:

average LAND value:

$349,166.67

Figure 91.

—average LAND value:
$1,241,250.00
average CAPITAL value:
$1,313,125.00

Figure 92.

Figure 93.

Number of sections: 1,388

Number of houses built: 941

Number of undeveloped sections: 447

Number of permanent residents: 99

(population report, Jan 2005)

Number of peak residents (Christmas/New Year period):
3,950 (population report, Jan 2005)

URBAN CHARACTER ANALYSIS

Matarangi is accessed from the spit heel, and the main
access road feeds through the whole spit community. There
is also access along a narrow coastal road linking to beach
communities further to the southeast. There is relatively
limited public beach access that is of high visibility due to
the layout of the waterfront properties and street network.
Roads tend to run parallel to the beachfront with a line of
properties, often two deep, between the street and beach.
This is also apparent on the inner harbour waterfront (1

& 2). There are very few streets that run directly to the
beachfront without being interrupted. Waterfront properties
tend to have a greater proportion of property covered by
building. The waterfront properties are visually prominent
from beach/sea and the foredunes are understated to

i3

Figure 4.

the point of being unnoticeable. The community is based
around the