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URBAN BLUE SPACE

An Architectural exploration into Sea-
Level-Rise Resilience and the future of
South Dunedin.

Due to anthropogenic climate change, sea level rise (SLR) will cause
low-lying coastal areas such as South Dunedin, New Zealand, to be
permanently flooded, jeopardizing future viability as a commercial
and residential community. Using South Dunedin as a case study to
test built environment issues, this thesis carried out design research
into adaptation strategies for continued on-site occupation with SLR.
Exploring the extreme scenario of a transition to a floating suburb,

the research examines: retrofitting light-weight buildings with buoyant
foundations, adapting larger heavy construction buildings to flood, and
explores wider urban design strategies for the transition to a resilient
floating suburb. Design interventions had to respond to changing con-
ditions from present day Dry Land, to an Urban Wetland (0-500mm
standing water), to the eventual Urban Blue Space (500mm+ water
depth).

The project proposal has three design objectives:

= ZC, Zero-Carbon — While climate change is inevitable, miti-
gation to reduce the severity is possible through lowered
emissions, improved building technologies and changes in
human lifestyle.

= SLR, Sea Level Rise Adaption - Preparing for and adjust-
ing successfully to the consequences of SLR, which will
require radical lifestyle and architectural changes.

= HR, Holistic Resilience — For a community to be holistically
resilient it must be able to consistently provide for all 5
human needs (Carmona et al 2010, 134) despite changing
conditions. This meant addressing both existing and future
challenges.

Adaption and continued on-site habitation is possible if significant
lifestyle and architectural changes are embraced. SLR requires a site-
specific design response. Successful adaptation requires a holistic
multi-disciplinary long-term commitment to a resilient future.



02: INTRODUCTION



Due to the effects of anthropogenic climate change, global sea levels
are rising daily and could rise over 1000mm by the end of the century,
the evidence for this is irrefutable (IPCC 2013). “It is estimated that
20% of the global human population lives in coastal cities and of these
100 million people live within 1000mm or less above mean sea level”
(Dawe 2015, 1). Even if emissions were immediately cut to zero,

the amount of carbon already in the atmosphere means that climate
change on some scale is unavoidable, sea levels would still be ex-
pected to rise by up to 500mm by the end of the century and scientists
agree that, due to geographical factors, New Zealand sea levels will
rise 10% more than the global average (RSNZ 2016, 20). What this
means is that, even in the best-case scenario, low-lying areas will still
require a long-term resilience strategy for sea level rise (SLR). The
New Zealand National government in 2016 indicated that managed
retreat is the only feasible option for areas in New Zealand facing SLR
(MFE 2016).

The question this design research addresses is: How can the built
environment/architecture of a low-lying urban area be adapted for in-
creased resilience facing SLR due to anthropogenic climate change?

It is certain that SLR and climate change will occur, what is not certain
is when it will and to what severity. Therefore design interventions
must be planned to respond to conditions rather than a timeline. The
thesis establishes three sequential thresholds of SLR, to which the
design interventions must adapt to in turn as SLR progresses. The
thresholds are defined by changing environmental conditions which
require different adaptive design responses.

1. Dry Land. This is the current environmental condition, land
is still dry, and for the most part, life as usual continues. The
end of this phase will be defined by the point at which it is
no longer possible for surface water to be drained.

2. Urban Wetland. Shallow but permanent standing ground-
water, within depths of 0-500mm above ground level.
Vehicle use should still be possible to a limited extent;
however ground conditions would become increasingly
muddy. It would still be possible to walk around in these
depths, although it would become increasingly difficult and
not possible for small children or pets. Dry Land vegetation
would begin to die and be replaced by wetland growth. Dry
Land infrastructure would be severely compromised and

require replacement e.g. city sewerage and electricity lines.
Foundations of Dry Land buildings could survive only for

a short time in this condition. Pollution and environmental
health would be a serious concern in this phase and require
careful management and intervention by environmental
scientists and local government.

3. Urban Blue Space. Water depth exceeding 500mm. This is
when Dry Land vehicles would cease to be viable and com-
plete conversion to water-bound transport necessary. Dry
Land buildings would be un-inhabitable if not adapted and
infrastructure would need to have been completely replaced.

The site for this investigation is South Dunedin in Dunedin, New
Zealand, which has been described as a “litmus test for the nation fac-
ing climate change” (McNeilly 2016). A low-lying, socio-economically
deprived, densely populated area with 10,000+ residents, 3000+
homes and businesses, South Dunedin is one of the area’s to be first
and most severely affected by SLR in New Zealand.

For the purposes of this thesis a decision was made to focus on
Accommodation as a strategy(see Literature Review p.9), to enable
residents to continue living on site. It is acknowledged that a more
likely scenario would be a combination of strategies. The scope of the
thesis has necessitated focus on only one of these. Design research
was carried out at three scales: a residential house, a community site,
including a supermarket, and an urban design strategy for the suburb.
The thesis explored the following design objectives:

SLR, Sea Level Rise Resilience — Architectural strategies for resil-
ience in a changing environment due to SLR. Design research was
carried out in a theoretical capacity, structural advice was sought from
university staff, however it is acknowledged that were these projects
to become a reality they would require detailed consultation from
structural and environmental engineers.

ZC, Zero-Carbon - Transition to a holistic post-carbon world is essen-
tial to achieve any degree of climate change mitigation. A Zero-Carbon
philosophy has been a key design driver throughout the research,
however detailed architectural investigation into Zero-Carbon building
technologies, while very important, was deemed outside of the scope
of the research.

HR, Holistic Resilience — For a community to be resilient it must be

able to consistently provide for all five human needs (see Design
Chapter p.39) (Carmona et al 2010, 134) at all times despite chang-
ing conditions. Design research will test to what degree architectural
interventions can support this.

Following this chapter is the Literature Review which establishes a
broad understanding of the research topic by reviewing international
precedents. The Case Study chapter then focuses on New Zealand
precedents to gain an understanding of the national context. The Site
Analysis chapter is a diverse study investigating existing and future
challenges of ZC, HR and SLR. The Design Research chapter follows
on from these demonstrating an iterative design methodology which
tests precedents and ideas found during previous chapters against
the research question, site and design objectives. Cross-pollination
of precedents+research+objective+site, often led to further research
enquiry, stimulating further design experiments. The final Conclusion
chapter critically reflects on the thesis research as a whole.
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Literature Review

This literature review surveys research related to resilience and the
built environment addressing the research question: How can the
architecture/built environment of an existing low-lying urban area be
transformed for increased resilience against SLR due to anthropo-
genic climate change?

The review demonstrates that SLR is a global problem; however there
is a lack of available published literature from many countries. The in-
ternational leaders in publication, built work and research were found
to be the Netherlands, the USA, UK and Australia and consequently
this review focuses on sources produced from these countries.
Sources were gathered in 2016 and were drawn from a wide range of
sources, both academic and grey" literature.

Introduction:

Humankind has known about climate change for decades now (Mann
1998, 5; Mooney 2013). The science is conclusive, climate change

is the crisis of our time. So why are we so slow to act (Hamilton

2010, 20; Aitken et al 2011, 1)? The majority of scientists agree that
we have already moved beyond key tipping points and irreversible
climate change is under way (IPCC 2014; RSNZ 2016, 5; Hamilton
2010, 15; Murray 2008). Meetings of international leaders such as the
2015 Paris Climate talks, or of local governments and leading experts,
have become frequent events. In April 2016 alone New Zealand
hosted three such conferences (cop21; NZILA; NZPI). On the 18th

of April a report was issued from the Royal Society of New Zealand
titled: Climate change implications for New Zealand. The rapid public
exposure of the report was encouraging and the findings of the report
are clearly communicated, framing the threats of climate change in
terms of specific risks to New Zealand. Information and commitments
to climate change seem to be abundant, but will the proposed action
be at the level scientists have advised is vital for a resilient future?

Aitken et al (2011, 2) discuss New Zealanders’ preparedness to act
against climate change, Hamilton (2010, 35) discusses why we dis-
trust the science and the forces in place to discredit it. Their resound-

1 Grey Literature covers non-traditional sources such as newspaper or

magazine articles, television programmes and interviews and social media statements.

The effects of climate change on ecosystems

Figure 3.1 Effects of climate change on New Zealand, RSNZ (2016)

Implications for New Zealand
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ing conclusion is a feeling of powerlessness and little hope. According
to Murray, in his short film Wake Up, Freak Qut! Then Get a Grip!
(2008), literature and popular culture shows a society focused entirely
on the economy and material gain at the expense of the natural world,
social well-being and ultimately the future of humanity. Murray tells his
audience “Generations before us didn’t know about climate change
and generations after us will be powerless to do anything about it...
We are the first generation to feel the effects of climate change and
the very last able to do anything about it”. On the Paul Henry Break-
fast Show (07/04/2016), Henry asked a renowned climate scientist
Prof. Jonathan Bamber “Are you just a very educated man, standing
on the beach and shouting at the tide to go away?” a crude but apt
representation of popular opinion, a readiness to dismiss scientists as
foolish, and the perception that anything we do will be futile. Bamber
replied “l am a scientist but I'm also a human being, and | think with-
out hope there’s not much left. As a human being | believe and | hope
that we can turn things around.”

A Carbon Zero World

Following the 2015 Paris climate talks, international leaders called
again for a transition to a ZC world, something scientists have been
calling for since at least 1989 (D’Amato 2016). Organisations like Ar-
chitecture 2030 have been established to enable the transition of the
building industry to ZC. Architecture 2030 reports that in America “the
Building Sector consumes nearly half (47.6%) of all energy produced,
and is responsible for 44.6% of C02 emissions” (Architecture 2030
2013).

Reviewing industry leaders such as Architecture 2030, NZ Greenstar
Rating, The Davis Langdon Sustainability Handbook, LEED rating
system, wood for good and UK carbon initiatives showed a bias focus-
ing on emissions rather than embodied energy/carbon. Biswas (2014,
179) & Anderson (2016, 3), discuss the importance of whole of life
calculation of embedded carbon/energy, from cradle to construction to
grave, in order to get an accurate representation of the carbon/energy
footprint. To assist in the calculation of these figures, ICE offers a free
download table of common building materials and their calculated
embodied energy/carbon in a cradle to gate assessment (McAlinden
2015). Carbon footprints of building materials in NZ are evaluated by
BRANZ notably in papers by Jacques (2011, 31) and Dowdell (2013,

36). With endorsements from the Auckland City Council, Bernhardt
published a deeper shade of green in 2008, written as a “catalyst” the
book offers up the smorgasbord of “sustainable urban development
building and architecture in New Zealand.”(1) Information on sustain-
able practice is widely available but it is yet to reach a critical mass
into mainstream industry practice. Recent developments towards a
ZC building industry include suggestions of a carbon tax, embedded
carbon labelling on buildings products and whole of life carbon label-
ling and monitoring for buildings (Ng 2016, MFE 2015).

Architectural Resilience Strategies for Sea-Level-Rise

Three categories of resilience strategies emerged from the literature,
these were:

Protection: defence strategies designed to keep the water out and
maintain the existing built environment.

Accommodation: adapting existing environment to cope with an
influx of water.

Relocation: managed retreat from affected areas as current forms of
inhabitation cease to be viable.

The final section of this review considers each of these in turn and
their relevance for South Dunedin.

Figure 3.2 Sea wall in New Orleans, USA. An example of protection defence.

Figure 3.3 The Thames Barrier, London, England. Protection defence.

Protection

Protection strategies typically take the form of hard-engineered
defences, which keep the water out and cause the least disruption to
business as usual. Global precedents for protection of low-lying coast-
al urban areas against SLR include sea walls, storm surge barriers,
dykes, canals, water management by drainage and pumping systems,
land reclamation and others. (Baca Architects 2010, 16; DEFRA 2004,
20). Cities that have chosen protection strategies typically have these
factors in common:

e Historical Characteristics: High value assets supporting a
large population which will result in extreme pressure on
governing bodies to protect the lives and livelihoods of their
residents. Big businesses can have a strong influence in this
situation. If the economic risk is substantial they may even
be willing to partially fund construction. A previous flood-
ing event (or similar) resulting in major damage, economic
loss, and a loss of life may also have kick-started a political
“Never Again” response action on defence strategies. (Float-
ing Cities 2010; Years of living dangerously 2015, 3)

e Economic Wealth: protection defences are expensive, re-
quiring enormous up-front and ongoing maintenance costs.



To support this expense, cities need to have a large popula-
tion with a large wealth resource (Bell 2001, 38; Building
Futures & ICE 2010, 2; Feiden 2011, 5).

e Geography: Lack of varied topography can result in no fea-
sible option of retreat. The Netherlands is a prime example
as they have no higher ground to which they can retreat.
Such a retreat would instead take them to Germany, France
or Belgium. Building hard defences is the Netherlands only
option. (RPA 2015; Protecting Coastal Communities 2009)

Figure 3.5 Floating homes in the USA, Canada and Malaysia

Figure 3.6 Buoyant Foundations, Mississippi, USA. (English 2016)

Protective defences are resource heavy and failure to meet supply at
any point will result in strategic failure. Protective defences are built
to withstand an estimated condition and theorists, such as Bowman
(RPA 2015) believe that this leaves them open to a high chance of
failure, meaning that they are unsustainable, short-term solutions only.
Geography will also be a limiting factor for some cities, even if they
met all other requirements, for example, the geography of cities such
as Miami or large areas of Bangladesh are not defendable (Years of
living dangerously 2015). The negative effect on the environment and
extremely high carbon footprint incurred in building of hard defences
is also a disadvantage of these hard infrastructure options.

' “!
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Accommodation

Accommodation strategies harness natural systems, designed to
achieve harmony between nature and the built environment. Like
protection, accommodation strategies are in-situ. Unlike protection,
accommodation adapts the existing environment rather than preserv-
ing it (Baca Architects 2010, 7). They can be categorised into amphibi-
ous buildings and green infrastructure.

Amphibious buildings are adapted for structural buoyancy to float as
the water rises. Communities such as the Bajou in Malaysia have long
traditions of living in floating coastal communities (Réhahn 2016).
Modern examples of amphibious homes are becoming increasingly

Figure 3.4 Floating homes i
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popular developments in the Netherlands (Goldman 2011). English
(2016, 1) champions the use of buoyant foundations, developed by
fishing villages living on flood plains in America. Buoyant foundations
allow the adaptation of existing houses, and with the correct sup-
porting infrastructure, amphibious or buoyant buildings can be highly
adaptive solutions.



Green infrastructure has benefits that extend beyond SLR. As
discussed by UNEP-DHI (2014, 8), EPA (2016) and CNT (2011, 17)
green infrastructure increases biodiversity, provides wildlife pathways
and opportunities for public recreation, creates a vibrant interaction
between natural systems and daily human life and has a low carbon
footprint. In recent history global culture has tended to divorce human
aspiration from the natural world. Green infrastructure shows evidence residential rain g arden
of a growing environmental renaissance as a flow on effect of learning s 10 fa avsy oo ense etmcsuras]

about the causes of anthropogenic climate change (Butlin 2016, 10). =
Accommodation strategies also include modifications that private land '
owners can make to their own properties, such as landscaping for
water run-off and rain water harvesting.
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On their own, accommodation strategies do not adequately safe-
guard residents from inundation and, like protective defence, some
strategies can be short-term solutions only (Building Futures & ICE
2010, 12). For this reason accommodation strategies are commonly
used in combination with other strategies (Urban Land Institute 2014,
15). Venice, Italy demonstrates a fierce commitment of people to
place, despite high flood frequency and SLR. Venice's leaders are
continually developing water management strategies and consequent-
ly the city is a good example of a combined protection + accommoda-
tion approach.
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Figure 3.7 Solar panels and green infrastructure in use on the roof of Kings Cross, Figure 3.8 Residential rain garden diagram
London.

Figure 3.9 Flooding in Venice, Italy in 1927, 1933, 2012

November 1927 Dacember 1933
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Figure 3.10 Managed retreat/realignment project in Medmerry, England.

Relocation

The New Zealand government has identified managed retreat or
relocation as the only feasible option for coastal regions facing threats
from SLR (Hayward 2008, 47). International planning committees,
such as The LifE Project, DEFRA & UNHCR, have also identified
relocation as the only feasible strategy for long-term resilience against
SLR (Abel 2011, 279; Ferris 2014, 8). The RPA Assembly 2015

has stated that many highly populated areas at risk from SLR will
eventually reach a critical point where the land area is inundated and
habitation is no longer viable. In order to avoid reaching this critical
point unprepared, the RPA argues that work around relocation needs
to begin as soon as possible (Hayward 2008, 47; Ferris 2014, 7).
Education and communication will be crucial in getting the required
level of understanding and support from all invested stakeholders.
(RPA 2015; PCC 2014).

The Royal Society of New Zealand (26) described relocation as
politically unpalatable, because it requires accepting a degree of loss,
and demands a long-term management plan and commitment by all
stakeholders. Given that the typical life of any local or national govern-
ment is approximately five years, long-term commitment of this sort
could be difficult to achieve. (Bell 2001, 65; Doberstein 2014, 1). The
RPA alludes to options such as land buy-outs, preferential buy-ins,
government subsidies and mortgage transference. Governing bodies
and insurance companies will have an important role to play in how
land at risk of SLR will be dealt with and how land-owners can move
on from their land in a financially viable way (Doberstein 2014, 3).

Relocation projects remain largely un-built and communities looking
to implement the strategy will face numerous challenges including
(Harvey 2003; DEFRA 2004; Feiden 2011):

= What to do with the land left over?

= How to safely relocate residents and where possible sal-
vage assets and infrastructure

=  Funding and support from vital stakeholders
= Issues of culture and identity resulting from relocation

= Changing land-use

= Economic and market factors

= Landowner compensation for loss of land purchased without
knowledge of the future threat.

Conclusion

All resilience work must be undertaken with ZC principles in order to
reduce emissions and mitigate the effects of climate change. It is likely
that a combination of Protection, Accommodation and Relocation
strategies will be employed throughout the world however of the three,
Accommodation and Relocation appear to offer the most environmen-
tally responsible, cost-effective, long term solutions. South Dunedin
does not have the wealth resource and population size to support
large scale protective strategies, therefore it is appropriate that design
research would be best focused on exploring Accommodation and / or
Relocation options.

"
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04 Case Studies

The literature review chapter examined international research and
precedents responding to SLR. Accommodation and Relocation strat-
egies including Amphibious Buildings and Green Infrastructure were
identified as the preferred resilience strategies. Protection strategies
were found to be prohibitively expensive short-term solutions. The
case study chapter looks at projects within New Zealand to gain an
understanding of the national context. The case study chapter acts to
inform the development of the design work in the following chapters.

Case Study: Clyde/Twizel

The flooding of Cromwell in 1992 for the creation of the Clyde Dam
hydro scheme, accompanied the creation of Twizel and Clyde. While
not related to SLR, Clyde and Twizel provide one of the few examples
of a relocation project. The project severely affected local wildlife,
caused considerable damage to the natural environment and proved
to be a political “maelstrom” (Cooper 2001). Landowners were faced
with forced relocation and inadequate compensation, being paid out
at below market value (Mighty Clutha 2016). One of the reasons for
the political controversy was a lack of co-operation and open com-
munication between the government and the New Zealand public (Te
Ara 2016). Similar issues could be faced by relocation due to SLR
but, in contrast to the hydroelectric scheme, government bodies could
be situated as allies against SLR rather than the cause of the threat,
which may be more conducive to co-operation. The Dunedin City
Council (DCC) and residents of South Dunedin are currently grappling
with the aftermath of flooding in June 2015. Similar problems were
initially experienced due to a lack of transparency and poor communi-
cation between stakeholders, although significant progress has since
been made on both sides.

Before the old town was flooded Cromwell residents were relocated
up the bank, and some key heritage buildings were also moved,
resulting in the curated heritage of Old Cromwell Town. Clyde and
Twizel were built as Hydro Towns circa 1968 to service the construc-
tion of the Hydroelectric Scheme, rapid low-cost construction resulted
in @ homogeneous building style, similar to the New Zealand State
House design (Te Ara 2016).

This case study identifies the following as important considerations for
managed retreat:

= The relocation of key heritage buildings to preserve physical
relics of town identity.

= Rapid low-cost construction can result in a homogenous
typology which may lack character.

= Communication between invested stake-holders is crucial to
a politically viable solution.

= Environmental impact must be factored into design at all
stages.

M

Figure 4.1 Lowburn’s Welcome Home Hotel, built in 1869 and the social focus of the
community, was demolished and the area was flooded, ‘60ft under.’

Figure 4.2 Rachael and Fanny Short, Bannockburn. ‘l wish they wouldn’t change it.’



Case Study: Wellington

The Water Sensitive Urban Design Guide issued by the Wellington
City Council contains advice for planners, architects, engineers and
landowners building in water sensitive areas(2015). Part four of the
guide WSUD (pg47-66) details solutions for coping with increased
water including: Rainwater Garden/Stormwater Planter/Street Trees,
Green Roofs & Constructed Wetlands.

The advice in this design guide is tailored to individual property own-
ers and is not a masterplanning solution, however similar principles
could be adapted on a larger scale.

In 2004 the Wellington City Council also comissioned Gehl Archi-
tects to undertake an urban design assesment and report for future
development of the CBD. In 2013 the Sea Level Rise Options Report
detailed possible scenarios and strategies for adaption to SLR in
central Wellington. Both these reports have useful and transferable
advice for South Dunedin.

This case study identifies the following as important for sustainable
management:

= SLR scenario planning and research into the future affects.

= Zero-Carbon guidelines for holistic climate change mitiga-
tion.

= Transferable on-site mitigation strategies designed to adapt
to changing conditions that come with climate change
including increased water, temperatures and SLR.

Case Study: Nelson

Like South Dunedin, Nelson has vulnerable low-lying suburbs that
will be at risk from SLR. Nelson has a recreational-tourism focus on
foreshores, with some of the most beautiful beaches in New Zealand.
These beaches may disappear in the near future as SLR occurs (MFE
2016). Nelson has a well-developed Walk and Cycle way, used by
school children and the elderly for school commuting and recreational
exercise (NCC 2016). Active travel (walking and cycling) in New
Zealand is on a steady decline, Elder et al explains that council-led ini-
tiatives such as the Walk and Cycle way in Nelson can help to reverse
this trend (Elder et al 2015, 188). Providing ZC transport options also
lowers emissions in the area which contribute to mitigating the overall
impact of climate change. Among adults of working age Nelson still
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Figure 4.3 Water Sensitive Urban Design systems from WCC (2015)

has a heavy car dependency, and separation between home and work
is often beyond walking/cycling distance, as is the case in much of
New Zealand. Fisheries and low-lying agriculture may also be jeopar-
dized due to flooding and groundwater contamination. To tackle these
concerns Nelson Regional Council has devised Nelson 2060 a set of
guidelines towards a ZC future for Nelson, holistic mitigation aims to
reduce emissions and lessen effects of climate change including SLR
(NCC 2013). Nelson is also a partner of Eco Design Advisor. Backed
by BRANZ, this is a building industry-focused design tool giving
advice on how to make your project more eco-friendly, from a building
science background (EDA 2016).

This case study identifies the following as important for ZC communi-
ties:

=  Well-developed cycle ways and provision of reliable public
transport is important for sustainable transport and reduced
emissions.

= Holistic climate change mitigation to reduce all effects of
climate change including SLR.

= The use/promotion of Eco Design Advisor as a tool for
building design.
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Case Study: Auckland

Auckland Council is also a partner of the Eco Design Advisor groups,
in parallel with this it has issued Sustainable Home Guidelines.
These guidelines cover green building techniques with advice from
architects and designers tailored to suit local context and conditions.
The guidelines show how councils can influence landowners to make
environmentally responsible design and construction decisions which
is a step in the right direction to achieving a ZC built environment (AC
2016).

In recent years Auckland has undertaken high-cost waterfront
development. As SLR occurs this will mean increasing pressure for
hard-engineered protection such as a sea walls or storm surge barri-
ers (AC 2017). Currently the Auckland Council distributes advice for
individual land owners about modifications they can make to their own
properties. While this is useful information, without a wider resilience
strategy implemented at a regional level these individual modifications
cannot hope to be standalone solutions.

The Auckland commute and dependency on cars is the worst in the
country. To achieve a ZC status Auckland needs (among other things)
a massive improvement in public transport networks. The commuting
distance between work and home needs to decrease and residents
must have improved access to housing close-by to their work-place.



This case study identifies the following as important for ZC cities:

= Reliable accessible public transport.

= City councils can provide sustainable home building guide-
lines and other information to aid residents in transitioning to
Zero-Carbon lifestyles.

= Sustainable home building guidance distributed by local
council.

Case Study: Christchurch Rebuild

Holistic resilience (HR) is important for the continued survival of
communities, especially when faced with disaster. The Canterbury
earthquakes of September 2010 (magnitude 7.1) and February 2011
(magnitude 6.3), caused the death of 185 people, with many more
injured, family and community upheaval and extensive damage to
the built and natural environment (NZHistory 2016). Six years later
the Christchurch Rebuild is still ongoing, and has been a politically
divisive issue. This case study examines aspects of resilience which
could inform the South Dunedin design proposal.

Following the earthquake “80% of inner city CBD buildings were
damaged in such a way that they needed to be demolished” (Dalman
2014, 4), including community infrastructure, large commercial prem-
ises and iconic heritage buildings. The resulting rebuild is changing
the architectural identity of Christchurch to form a 21%-century garden
city (ArchitectureNow 2016). Prior to the earthquakes Gehl Architects
completed an Urban Design Assessment for the Christchurch city
council in 2009 which in combination with the Central City Recovery
Plan have been the re-build roadmaps. Gehl’s report emphasised the
human scale and experience of the city, as well as the importance of
a holistic approach; addressing pre-existing, current and future chal-
lenges.

Initial disaster response architecture in Christchurch was rapidly
constructed using temporary structures such as the Re-start mall.
These structures are now outliving their expected lifetime as funding
for permanent solutions is slow to come forward. Fast construc-

tion, low-cost pre-fab housing of variable quality filled the gap in the
residential market, and it will be interesting to see how these weather
over time. Quality of re-build construction was initially haphazard,

residents needed fast solutions and issues with insurance settle-
ments and supply-demand shortages meant sometimes sub-standard
construction solutions that compromised on quality (Chang-Richards
2012, 2-4).

Greening the Rubble and other volunteer-driven explorations in urban
design are helping to re-build the Christchurch community. Gap fillers
have tended to develop on sites where funding for commercial invest-
ment has stalled, providing a vibrant first step towards rejuvenation

of the area. By creating an active dialogue about public spaces and
place-making in Christchurch, urban design is being used as a power-
ful tool in the recovery process (Dalman 2014, 10). Making spaces
that encourage social activities and help the community to re-engage
with place, is forging a new identity which will hopefully develop into a
fortified community (Christchurch City Council 2011).

This case study identifies the following as important for urban resil-
ience:

= Human city scale, holistic re-build approach and assess-
ment tools used by Gehl Architects.

= Temporary structures often outlive intended lifespan, design-
ing initial structure to be adapted later on for permanence
rather than entirely replaced would be more effective.

= Informal gap-fillers as a means of public engagement in
civic spaces.

Figure 4.4 Greening the Rubble Nature Play Park, Christchurch
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05 Site Analysis

In order to achieve HR it is important to consider both existing revitali-
sation and future SLR adaption challenges. As idicated in the previous
case study chapter, some of the methods used in this site analysis
chapter are revitalisation tools used by Gehl Architects in their reports
for Christchurch (2009) and Wellington (2004). Further urban design
methods were drawn from The Social Life of Small Urban Spaces

a film by William H. Whyte (1980) and Public Places Urban Spaces
by Carmona et al (2010). Important sources were the South Dune-
din Revitalisation Plan by the Dunedin City Council (DCC), Natural
Hazards of South Dunedin by the Otago Regional Council (ORC), and
other reports by the ORC, DCC and BECA. In order to gain an holistic

Figure 5.2 South Dunedin from the track to Andersons Bay 1864

understanding the site analysis is diverse including: physical geogra-
phy, consequences of climate change, architectural typology, socio-
economics and land use. Accompanying this site analysis chapter are
two annotated bibliographies, Appendix 1 - South Dunedin in Policy
and Appendix 2 - South Dunedin in Media.

Dunedin is a small city with an urban population of just over 120,000,
the South Dunedin area has approximately 10,000 residents. The
DCC's vision for Dunedin is to have a compact city with resilient
townships (DCC 2015-2025). Estimated to be one of the most densely
populated areas in New Zealand, South Dunedin is a socio-econom-
ically deprived area that has been described as geologically and
environmentally frail (Early 2015, 195).
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Figure 5.3 Flooding in Tainui, South Dunedin, 1917
Pre-European contact, the area now known as South Dunedin took
the form of marshy wetlands covered in silver tussock, rushes and
flax, which would have been an important biodiverse wetland used by
local Maori and native wildlife. The Natural Hazards of South Dunedin
report released by the ORC demonstrates the former wetlands in
figures 4, 5, 6 and 7 (ORC 2016, 7-9). Before site drainage was
completed, asphalt laid, and sewerage resolved, early residents used
wooden plank pathways to manoeuvre their way through the mud
(Wood 2005).

To facilitate the expansion of Dunedin, the area of South Dunedin

and surrounds was reclaimed, during the mid to late 1800s, using any
available fill material (ORC 2016, 9). Topographically flat, the land
was reclaimed to just above the sea-level of the time which was an

Figure 5.4 Flooding in South Dunedin, 2015
estimated 170mm below current levels (ORC 2016, 9). The depth to
bedrock in South Dunedin varies between 20m to 70m deep (ORC
2016, 69). Between bedrock and topsoil lies a mixture of quaternary
deposits, sand, silt, and the thin layer (1000-2000mm) of reclamation
material, see figure 5.5. Over