RESILIENCE STRATEGIES
FOR THE AVON-ŌTĀKARO RIVER

CHRISTCHURCH
Transformation of a post-earthquake landscape

Marleen Buitenwerf
MSc Thesis Landscape Architecture
Wageningen University
June 2021

II

RESILIENCE STRATEGIES
FOR THE AVON-ŌTĀKARO RIVER

CHRISTCHURCH
Transformation of a post-earthquake landscape

© Marleen Buitenwerf

III

RESILIENCE STRATEGIES
FOR THE AVON-ŌTĀKARO RIVER

CHRISTCHURCH
Transformation of a post-earthquake landscape

© Marleen Buitenwerf
June 2021
All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system, or transmitted,
in any form or any means, electronic, mechanical,
photocopying, recording, or otherwise, without the
prior written permission of the author or Wageningen
University Landscape Architecture Chair Group.

Marleen Buitenwerf
Reg. No.
930916144080
Phone 		
+31610180440
E-mail		
marlbuitenwerf@gmail.com
Chair group landscape architecture
Phone		
+31 317 484 056
Fax		
+31 317 482 166
E-mail		
office.lar@wur.nl www.lar.wur.nl
Post address
Postbus 47
		
6700 AA, Wageningen
		The Netherlands
Address		
Gaia (building no. 101)
		Droevendaalsesteeg 3
		
6708 BP, Wageningen

This research has been partially funded by Stichting NH BOS

IV

Supervisor and examiner
dr. ir. R. (Rudi) van Etteger

Examiner
S. (Sjoerd) Brandsma

V

ABSTRACT
In the context of rapid urbanization and climate change, coastal cities are
increasingly at risk of natural hazards. Conventional engineering approaches
for dealing with risk in urban planning and design, like the implementation of
flood-control infrastructure, significantly reduced the ability of social-ecological
systems to absorb disturbances and adapt to change. To achieve long-term
sustainability in the face of climate change, there is an urgent need for
alternative planning and design approaches. The concept of resilience provides
a promising framework for reducing risk in human-nature coupled systems,
focusing on continuous adaptation instead of control. However, practical
design tools and methods for building resilience are lacking. Therefore, this
thesis pioneers in operationalising resilience theory into landscape architecture
design.
The integration of theoretical concepts of resilience and landscape architecture
design resulted in a framework that can be used for understanding landscape
systems and suggesting place-specific design interventions. Subsequently,
the Avon-Ōtākaro river red zone area in Christchurch was used as a case
study to explore the practical application of the framwork in design practise.
Synthesizing theoretical principles with place-specific knowledge resulted in
the development of place-specific design guidelines. The application of these
guidelines to the Avon-Ōtākaro river red zone created a coherent design
strategy that enhances the ability of the landscape to absorb disturbances,
while providing space for self-organization and continuous adaptation.
Therefore, the design accounts for social-ecological resilience and validates the
practical application of resilience in landscape architecture design.

Key words
Coastal cities, urban floodplain, natural hazards, risk, climate change, landscape
architecture, resilience, adaptation

VI

PREFACE
This thesis is part of the MSc Landscape Architecture program at Wageningen
University. During my studies at Wageningen University, I developed a strong
interest for landscape architecture research and design in the context of
complex urban environments and climate change. This encouraged me to
further explore this topic in my thesis research. Fortunately, I was provided
with the opportunity to work on a project in New Zealand, a country that is
increadibly diverse and beautiful, and is inhabited by the friendliest people.
Applying my knowledge as a Dutch landscape architect, experienced with
flooding and dense urban environments, in a different context provided me
with valuable insights for the future.
Completing this thesis would not have been possible without a few important
people. First of all, a special thanks to my supervisor Rudi van Etteger from
Wageningen University, who took the time to guide me through the process
and provided me with wisdom and support. Thank you, Mick Abbott and Tenille
Pickett from the Landscope DesignLab at Lincoln University, for welcoming me
in New Zealand and providing me with a workspace and necessary materials
during my stay. I would also like to express my gratitude to the interviewees,
that took the time to talk to me and provided very usefull information. A special
thanks to Rob de Waard, Charlotte Takken, Christel van Eck, Isabella Hol, Freek
de Bruijn and Melvin Creemers, who provided external help. Finally, I would
sincerely like to thank my friends and family, for their unconditional support
and patience during the entire process. Without them, this thesis would have
not been possible. Enjoy reading.
Marleen Buitenwerf

VII

TABLE OF CONTENTS

VIII

1. INTRODUCTION

1

1.1
1.2
1.3
1.4

3
5
8
8

Motivation
Case study
Research and design questions
Thesis outline

2. RESEARCH AND METHODS

9

2.1
2.2

11
12

Research design
Methods

3. THEORY

15

3.1
3.2
3.3
3.4

17
19
23
27

Hazards and risk
Resilience
Resilience as a framework for design
Spatial principles

4. LANDSCAPE ANALYSIS

29

4.1
4.2
4.3
4.4

31
34
35
39

Landscape context
Hazards
Historical development
Site analysis

5. SOCIAL CONTEXT

43

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

45
47
52
56
61
65
69
73

Introduction
The New City
The Park
Maori Wetlands
Urban Nature
The Big Garden
The Energetic City
Conclusion

6. DESIGN GUIDELINES
6.1

Synthesis

75
77

7. DESIGN

81

7.1
7.2
7.3

The Avon-Ōtākaro River Park
Park typologies
Details

83
84
89

8. CONCLUSION AND DISCUSSION

93

8.1
8.2

95
97

Conclusion
Discussion

REFERENCES

101

APPENDICES

105

IX

1

1

INTRODUCTION

INTRODUCTION
This chapter introduces the research scope and purpose
of this thesis. Section 1.1 explains the motivation for
the research, starting with a problem statement and
knowledge gap, followed by the research purpose. Section
1.2 introduces the case study and the design objective
of this thesis. Based on these statements, section 1.3
concludes with specific research and design questions.
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1.1 MOTIVATION

1.1.1 COASTAL CITIES AT RISK
Natural hazards pose substantial risks for urban
communities. Various developments have increased these
risks over the past century (figure 1). While growth rates
are declining, the world’s population is still expanding. The
United Nations predict that the current world population of
7.6 billion people will reach 9.8 billion in 2050 (UN, 2017).
In addition, these populations have become predominantly
urban. Already more than 50% of the world’s population
is living in urban areas and this proportion is expected
to increase to 68% by 2050 (UN , 2018). The large influx
of people to urban areas is leading to fast growing
cities in locations that are often already susceptible to
natural hazards, such as floodplains and seismic zones.
Unorganized urbanization of hazard-prone environments
increases both the exposure and vulnerability of people
and assets to natural hazards (IPCC, 2014).
At the same time, growing populations put pressure
on the earth’s natural systems. Scientists agree that it is
extremely likely that human interference has contributed
to significant changes in climate systems since the 20th
century (IPCC, 2013). In recent decades, these changes
have caused a variety of impacts, such as increased

temperatures, sea level rise and more extreme weather
events. Uncertainty about the exact consequences of
climate change on local scales adds a new dimension to
the risks of natural hazards. Furthermore, human activities
are causing ecosystems to degrade and natural resources
to decline (Walker and Salt, 2006). As a consequence,
ecosystems are no longer able to provide necessary
ecosystem services, such as microclimate regulation and
flood protection. As the performance of urban ecosystems
is vital for healthy and sustainable cities, ecosystem
degradation increases hazard risks for urban communities
(Renaud et al., 2013).
In relation to these developments, low-lying coastal
zones are one of the most affected landscape systems.
First of all, because population densities in coastal zones
are significantly higher than the hinterland and there
is an ongoing trend of coastal migration (Neumann et
al., 2015). Second of all, due to physical preconditions,
coastal zones are highly susceptible to natural hazards,
which can occur either in the form of acute shocks or
slow-burning stresses (Adger et al., 2005). Shocks are
instantaneous events that directly impact local systems,
such as storm surges, hurricanes or earthquakes. Stresses
are underlying long-term trends, like sea level rise. The

Figure 1. Trends increasing risk to natural hazards in coastal cities
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INCREASED RISK

past few decades, multiple low-lying cities were heavily
impacted by hazardous events. A well-known example is
the city of New Orleans, that was flooded after a hurricane,
causing huge economic, environmental and social losses.
The resulting damage was not just a consequence of the
hazardous event alone, but also of the widespread failure
of drainage systems and flood walls to accommodate the
large amounts of water. Furthermore, the community
was wildly unprepared to deal with flood issues, due to
the false sense of safety provided by these engineered
structures.
This example illustrates a problem that many low-lying
coastal cities are dealing with, namely that urban systems
are not organized to cope with uncertainty and change.
Short-term engineering solutions to control natural
variability, like drainage and flood control systems, has
only increased vulnerability of urban systems in the longterm. Ongoing trends of urbanization and climate change
urge us to rethink conventional methods and develop
new design approaches for the spatial reorganization of
human-nature coupled systems along the coast (Adger et
al., 2005).

the application of resilience in design is relatively recent
and discussions of how spatial configurations could help
achieve resilience seem largely absent (Allan and Bryant,
2011). Consequently, design methods and principles for
building resilience in human-nature coupled systems are
lacking (Liao, 2012). By virtue of their training in patternprocess relations in integrated systems of people and
nature, and their ability to work across scales, landscape
architects are uniquely positioned to contribute to the
operationalisation of resilience theory in design (Copley et
al., 2015). Therefore, this thesis aims to contribute to the
operationalization of resilience into landscape architecture
design, as a response to issues of sustainability and climate
change in the context of low-lying coastal cities. This was
done by applying theoretical principles from resilience
theory in a case study design for the Avon-Ōtākaro river
red zone area in Christchurch, resulting in place-specific
design guidelines.

1.1.2 A NEW APPROACH
The concept of resilience, that originated in studies on
ecology, is gaining more and more attention in discussions
on hazard risk and climate change adaptation. In literature,
it is most commonly defined as ‘’the capacity of this
system to absorb change and disturbances, and still retain
its basic structure and function – its identity.’’ (Walker and
Salt, 2006). It focuses on the dynamics of a system, how it
changes through time and how it responds to disturbances
(Carpenter et al., 2004). Resilience provides an alternative
way of thinking, by learning to live with uncertainty and
change, and continuously adapt, as opposed to controlling
nature. Therefore, resilience provides a promising
framework for the spatial reorganization of low-lying
coastal cities.

1.1.3 RESEARCH PURPOSE
In the context of rapid urbanization and climate change,
building resilience in social-ecological systems is key
to long-term sustainability (Ahern, 2013). This poses a
complex challenge for design disciplines, that play a vital
role in the reorganization of human and natural systems
into more resilient configurations (Copley, 2014). However,
4

1.2 CASE STUDY

1.2.1 EARTHQUAKES
The research is built around a case study design of the
Avon-Ōtākaro river red zone in Christchurch, the third
largest city of New Zealand (figure 2). The vulnerability
of this city was revealed, when a series of earthquakes
and aftershocks occurred within the Canterbury region
in 2010 and 2011. The first earthquake struck on the 4th
of September in 2010 near the town of Darfield, causing
damage to old buildings and few injuries (Potter et al.,
2015). A sequence of aftershocks followed, which included
a catastrophic aftershock on the 22nd of February in 2011.
This 6.3-magnitude aftershock occurred 6 km southeast
of Christchurch's city center at a depth of 5 km. The close
proximity of hidden faults contributed to substantial shaking
in the city and surrounding areas. Besides damage to the
built environment, the earthquakes caused widespread
liquefaction, subsidence and lateral spread along urban
waterways, due to the foundation of fine alluvial and
marine sediment underneath Christchurch and relatively
high water tables (Hughes et al., 2015). Liquefaction
occurs when saturated soils start behaving like a liquid and
lose strength, as a result of repeated shaking (Quigley et
al., 2014). These earthquake-induced landscape changes
significantly changed the city's topography and hydrology,

WORLD
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subsequently enhancing the spatial extent and severety
of flood hazards in Christchurch, posed by heavy rainfall,
storm surges and sea level rise (Copley et al., 2015). In
other words, an acute shock has added to the exposure
of the landscape to underlying stresses. The earthquakes
have prompted an urgent focus on appropriate planning
and design responses to future threats (Hughes et al.,
2015).

1.2.2 RED ZONE
The eastern suburbs adjoining the Avon-Ōtākaro river,
built upon drained swamps, experienced particular large
impacts of liquefaction, lateral spread and subsidence.
Along lower stretches of the river, the land subsided
between 0.5 to 1 meter, even exceeding 1 meter in places.
Based on the severety of land damage and future flood
risk, an area of 630 hectares surrounding the AvonŌtākaro river was deemed unsuitable to live on (Copley
et al., 2015). The land was declared a ''residential red
zone'' by the Canterbury Earthquake Recovery Authority
(CERA), which led to a government buyout of red zoned
properties (Jenkins, 2017). Around 7.350 families were
permanently displaced from their land, heavily disrupting

CHRISTCHURCH

RED ZONE

Figure 2. Case study location
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RED ZONE

Figure 3. Red zone Christchurch (Canterbury Maps, 2019)

east Christchurch's communities (Davis, 2018). The area,
now often referred to as the Ōtākaro Avon River Corridor,
is almost entirely cleared of the nearly 8.000 houses that
occupied the land (Copley et al., 2015). What remains is a
strange, desolate landscape in the middle of the city with
cracked roads, garden plants, and street signs reminding
visitors of previously lively neighbourhoods (figure 3, 4).

1.2.3 DESIGN OBJECTIVE
With a surface area four times the size of Hagley Park, the
red zone area provides a significant opportunity for largescale system transformation towards enhancing resilience
to earthquake and flood hazards. However, after a decade
of clean up the land remains largely unused and a largescale strategy is lacking. Trained in a holistic approach
to landscape design, Wageningen University students
are uniquely equipped to develop such as strategy.
In collaboration with the DesignScope Lab at Lincoln
University, a case study design was carried out to explore
the potential of resilience in designing a large-scale strategy
for the Avon-Ōtākaro river red zone in Christchurch.
Therefore, the design objective of this thesis is to develop

place-specific guidelines for the transformation of the
Avon-Ōtākaro river red zone, ultimately resulting in a
regional design for the area.

1.2.4 RELEVANCE
The acute shock that caused Christchurch to experience
up to 50 years of sea level rise overnight provides
unique insight into the massive environmental change
that is imminent around the world (Copley et al., 2015).
Therefore, this case study contributes not only to our
understanding of how Christchurch could become more
resilient. It also provides insight into the vulnerability of
low-lying coastal cities that are affected by climate change
more generally. As such, this research adds to academic
scholarship on both landscape architecture and resilience,
as it pioneers in acquiring an understanding about how
resilience theory could be operationalized into landscape
architecture design.

6

Figure 4. Impression of the red zone
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1.3 RESEARCH AND DESIGN
QUESTIONS

1.4 THESIS OUTLINE

To meet the design objective, I formulated the following
design question.

Chapter 2 describes the methodology used in this thesis.
Chapter 3 describes the theoretical framework that guided
the empirical research. Subsequently, chapter 4 consists
of the landscape analysis, including a detailed analysis of
the site. Chapter 5 consists of the interviews of different
stakeholders and their feedback on the basis of six
conceptual designs. This follows by chapter 6 and 7 which
focuses on the design guidelines and design. Chapter 8
consists of the conclusion and discussion.

DQ.
How can the Avon-Ōtākaro river red zone in Christchurch
be transformed in a landscape system, that enhances
social-ecological resilience of the Avon-Ōtākaro river and
the surrounding city to future shocks and stresses?
To answer the design question, I formulated three research
questions. The information gathered from answering each
research question, is applied in a design for the AvonŌtākaro river zone.
RQ1.
What are key elements of resilience theory and how can
they be operationalised into spatial principles for building
resilience in social-ecological systems?
RQ2.
What are specific characteristics of the Avon-Ōtākaro river
landscape system in relation to its vulnerability to natural
hazards over time?
RQ3.
What are important values and perspectives that need
to be considered, given the social context of the red zone
area?

8
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9

RESEARCH AND METHODS

INTRODUCTION
This chapter discusses the employed research design that
provides a framework for answering the research and
design questions in section. Furthermore, it explains the
different data collection methods that are used throughout
the research.

10

2.1

RESEARCH DESIGN

2.1.1 FRAMEWORK
This thesis research adopts an exploratory research
design, because it pioneers in operationalizing resilience
theory into practical design methods and principles in
landscape architecture. Figure 5 provides an overview
of the research framework, elaborting on the research
process and methods used in this thesis. Following the
preliminary phase of formulating research and design
questions, the thesis is organized into five steps, taking
place within altneration of more general research and casespecific research. First, a literature study is performed to
explore the integration of resilience theory and landscape
architecture in a conceptual framework and develop
spatial principles for building resilience in urban river
systems (RQ1). Second, a landscape analysis is conducted,
focusing on the Avon-Ōtākaro landscape system and its
vulnerability to natural hazards over a variety of scales in
space and time. A detailed analysis of the red zone area
aims to provide insight into the spatial characteristics of
the social-ecological system (RQ2). Third, on the basis of
six conceptual designs, semi-structured interviews are
conducted with local stakeholders to gain insight in the
social context of the red zone area (RQ3). The results of
these three research steps are part of the preliminary
investigation that ultimately informed the develoment of
place-specific design guidelines (S-DQ). The application
of these guidelines to the Avon-Ōtākaro river red zone
resulted in a regional design for the area elaborated in
several design details (DQ). Ultimately, conclusions can be
drawn about the research outcomes/about the practical
application of resilience theory in landscape architecture
design. Although figure 5 suggests a linear process, in
reality it is more of an iterative process, moving back and
forth between the different steps.
The described research framework is based on a reflective
design model, proposed by Rudi van Etteger (2017) as a
way to deal with complex questions (Appendix A). This
model represents a non-linear process of analysis and
design steps, including multiple feedback loops (Etteger,
2017). It starts with a phase of divergence, in which
information is gathered and multiple ideas are explored.
This phase encompasses the first three steps of the
research, respectively the literature study, landscape
analysis and semi-structured interviews. It is followed by
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a phase of convergence, in which ideas are synthesized
into a final plan. This phase encompasses the last two
steps of the research, respectively the development of the
design guidelines and the regional design. The purpose
of this divergence-convergence sequence is to enhance
the quality of the design by first broadening perspectives
and then make considerate design choices on the basis of
evaluation. The theoretical context in which the research
is conducted provides a framework for the methods that
are used and the data that is collected. In this thesis, this
theoretical context is provided by the concept of resilience.
Since designing is a core activity of landscape architecture
practise, this thesis includes a combination of both research
and design activities (Lenzholzer et al., 2013). Lenzholzer
et al. (2013) distinguish three types of research and design
interactions: research for design (RfD), research on design
(RoD) and research through designing (RtD). This thesis
employs both research for design and research through
design approaches. The first part of the thesis, including
the literature study and landscape analysis, fits within the
Research for Design (RfD) approach, in which research
outcomes provide input for the design. The second part
of the research, including the semi-structured interviews,
in which conceptual designs were used to generate
feedback, and the development of the design guidelines
and regional design, fits within a Research through Design
(RtD) approach, in which design is actively employed as a
research method. Ultimately, new knowledge is generated
through the integration of theory and analysis into sitespecific design suggestions/guidelines.

2.1.2 WORLDVIEW
As new knowledge is generated through the integration
of objective (workings of nature) and subjective (sociocultural issues) information in a given context, the research
fits well within a pragmatic world view (Creswell, 2011).
The methods that were used to obtain this information are
described in the following section.

2.2

METHODS

Throughout the research, different data collection
methods were used to answer each research and design
question. This thesis employed multiple methods, also
known as triangulation. Using a combination of methods
and sources to answer each question contributed to the
credibility and validity of the research (Creswell, 2013).
This section briefly describes the methods, collected data
and sources used in this thesis.

2.2.1 LITERATURE STUDY
A literature study was conducted to ground the thesis
research in existing knowledge, using both primary
and secondary literature sources. A literature study on
resilience provided a clear definition of the concept
and gave insight in its development and application in
different disciplines. Furthermore, a literature study on
the application of resilience in design provided the basis
for a conceptual framework.

2.2.3 LANDSCAPE ANALYSIS
The second part of the research focused on identifying
the characteristics of the landscape system on a variety of
scales in space and time. Considering the research context,
the focus was on the landscape’s vulnerability to shocks
and stresses. The first part focused on the landscape
context and historical development over time. The second
part focused on the characteristics of the red zone area in
a detailed site analysis.
The landscape analysis involved both desk research and on
site research. Desk research included reviewing primary
and secondary literature on the topic areas of interest, and
studying historical and thematic maps of the larger context
and the site in detail. On site research was conducted at
Lincoln University during a period of three months. In this
time, four site visits were conducted in the Avon-Ōtākaro
river red zone and the surrounding city. The site visits
involved a mixture of field observations, photographs,
notes and short converstations. Afterwards, the gathered
information was documented in a digital logbook, which
proved useful during the design phase after the return to
the Netherlands.

2.2.4 SEMI-STRUCTURED INTERVIEWS
On the basis of a purposive sampling design six interviewees
were selected to conduct an interview with. The
interviewees consisted of two academic landscape experts
from Lincoln University, two members of Regenerate
Christchurch, two members of the Avon-Ōtākaro Network
and Ngāi Tahu, and one urban ecologist of Landcare
Research. The aim was to create a sample of experts, in
which each singular expert could provide novel insights of
a unique perspective. Accordingly, the sample consisted of
a good mixture of academics, local community members
and government representatives. All interviewees were
approached via email. Subsequently, the interviewees
were conducted between the 20th of September 2018 and
the 1st of October 2018, and lasted between 40 minutes
and 80 minutes. All interviews were conducted face-toface, which allowed the interviewer to detect social cues
such as voice, intonation, and body language (Opdenakker,
2006).
The interviewees were presented with six concept designs
that they could provide feedback. The concept designs
were truly conceptual, as they merely served as input for
the interviewees on how system resilience in Christchurch
could be improved. Each concept focused on a specific
theme. The themes revolved around 1) The New City;
2) The Park; 3) The Maori Wetlands; 4) Urban Nature;
5) The Energetic City; and finally 6) The Big Garden.
The interviewees evaluated each design and provided
feedback on the aspects that they were positive about
and vice versa. Since the interviews were semi-structured,
they were conducted by use of a topic list. However, the
interviewer and interviewees were free to deviate from this
topic list and explore issues that they felt were important
(Longhurst, 2009). All of the interviews were transcribed
(Buitenwerf, 2019; Interview transcripts). Subsequently,
the transcripts were summarized for the purpose of the
report and main conclusions were drawn for each theme,
which provided input for the design.
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THEORY

INTRODUCTION
This chapter sets out the theoretical context of this thesis
and proposes an integrated framework of resilience
theory and landscape architecture for the design of socialecological systems. Section 3.1 describes the interrelations
between key drivers of risk, posed by natural hazards on
human and natural systems. Subsequently, the concept
of resilience is introduced as a system-oriented approach
for reducing risk. Section 3.2 defines resilience in the
context of social-ecological systems and describes relevant
concepts in relation to complex system dynamics. Section
3.3 focuses on operationalizing social-ecological resilience
in design by integrating resilience theory and landscape
architecture in a conceptual framework. On the basis of
this conceptual framework, section 3.4 proposes a set
of preliminary design principles for building resilience in
social-ecological systems.
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3.1 HAZARDS AND RISK

3.1.1 DRIVERS
This section introduces relevant concepts in relation to
natural hazards and the risk they pose on human and
natural systems. A hazard can be defined as the potential
occurence of a natural or human-induced physical event,
that may cause significant damage to human and natural
systems (IPCC, 2014). Most natural hazards are caused
by geophysical processes, like earthquakes and volcanic
activity, or hydrometeorological processes, like hurricanes
and draughts. Furthermore, a distinction can be made
between acute shocks and slow-burning stresses. Shocks
are instantaneous events, that cause immediate impact,
like earthquakes. Stresses are long-term trends, that over
time increase the vulnerability of a system, like sea level
rise. This distinction is important, because dealing with
them requires different approaches.
The probability that a hazard will cause substantial damage
to human and natural systems in the future, can be defined
as risk (IPCC, 2012). Risk results from the interaction of

hazards with the vulnerability and exposure of human
and natural systems. The interrelations between these
components and their main drivers are conceptualised in
figure 6.
Exposure can be described as the presence of people or
assets in places, that could be adversely affected by a
hazardous event (IPCC, 2014). Building valuable assets
on a floodplain exposes them to flood hazards, and
subsequently increases the probability that a flood will
damage these assets. Vulnerability can be defined as the
propensity of exposed elements to suffer some kind of
loss from a hazardous event (Etkin et al. 2004). This key
element of risk resides in the susceptibility and resilience of
a system experiencing a disturbance (IPCC, 2012). In other
words, the physical predisposition of a specific system
and the ability of that system to cope with disturbances,
determine its vulnerability (Birkmann, 2006). Factors like
poverty, poorly built structures and limited resources may
increase vulnerability to certain shocks and stresses, and
subsequently increase the likelihood for damage.

Figure 6. Key elements and drivers of risk (based on IPCC, 2014)
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Exposure and vulnerability are directly influenced by
socioeconomic processes, whereas the occurence of
natural hazards results from inherent variations in natural
systems, a property also refered to as natural variability.
However, human interventions in natural systems can
influence the frequency and severety of hazards, a relation
represented by the bottom arrow in figure 6 (IPCC, 2012).
Deforestation of mountain slopes, for example, often
leads to an increasing number of landslides. Furthermore,
scientists agree that it’s extremely likely that human
interference has contributed to significant changes in
climate systems since the 20th century (IPCC, 2014). In
recent decades, these changes have caused a variety of
impacts, such as increased temperatures, sea level rise
and more extreme weather events. Uncertainty about the
exact consequences of climate change on local scales adds
a new dimension to the risk of natural hazards.
Lastly, the top arrows in figure 6 represent the impact of a
disaster on both human and natural systems. The adverse
effects from a physical event might exacerbate risk to
future shocks and stresses. In Christchurch for example,
earthquake-induced subsidence increased past flood
management issues and exposed the city's vulnerability to
sea level rise.

3.1.2 REDUCING RISK
The conceptual framework in figure 6 illustrates that
natural hazard events and human activities have an
interlinked relationship and can mutually affect one
another. Furthermore, it emphasizes the role we have as
humans to actively shape our environment in ways that
minimize exposure and vulnerability (IPCC, 2014). There
are various approaches to reducing risk. Resilience is a
concept that is increasingly used in discussions on hazard
risk and climate change adaptation. This thesis focuses on
the application of resilience as an approach to reducing risk
in urban landscape systems, specifically through design.

18

3.2 RESILIENCE

3.2.1 ENGINEERING AND ECOLOGICAL
RESILIENCE
Resilience focuses on the dynamics of a system, when it
is disturbed (Walker et al., 2004). The concept originates
in ecology, where it was introduced by C.S. Holling (1973)
to help understand observed dynamics in ecosystems
(Gunderson, 2000). Following Holling’s observations,
he defined two distinct interpretations of resilience:
engineering resilience and ecological resilience. The
disparities between these concepts derive mainly from
the different assumptions of system dynamics (Liao, 2012).
The notion of speed of a system returning to its original
state after a disturbance is also known as ‘’engineering
resilience’’ (Holling, 1996). This interpretation of resilience
dominated in the first half of the 20th century, which
was associated with an equilibrium paradigm in nature,
science and ecology (Ahern, 2011). This paradigm
assumed a predetermined stable state or equilibrium for
every ecosystem, to which it eventually returns after a
disturbance (Liao, 2012) (figure 7). Management strategies
focused on controlling variables to maintain an optimal
system state and minimize variability (Walker and Salt,
2006). Therefore, engineering resilience is concerned with
the stability of a system and with quick recovery to normal
levels of functionality in case of failure. The faster a system
returns to its original state after a disturbance, the greater
the resilience.

In the latter half of the 20th century, an alternative
multi-equilibrium or non-equilibrium paradigm emerged
(Ahern, 2011). This paradigm challenged the conventional
thoughts of stable systems, as researchers discovered
that ecosystems could have more than one stable state
or sometimes never stabilized. Building on this paradigm,
Holling (1973) introduced the concept of resilience as ‘’a
measure of persistence of systems and of their ability to
absorb change and disturbance and still maintain the same
relationships between populations or state variables.’’.
This concept is also known as ‘’ecological resilience’’ and
is based on the notion that ecosystems are inherently
variable, uncertain and continuously changing (Ahern,
2011) (figure 7). Ecological resilience is concerned with a
system's persistence and its ability to absorb shocks and
stresses (Liao, 2012). In this case, resilience is measured
by the magnitude of the disturbance a system can
undergo before shifting to a different regime (Holling and
Gunderson, 2002).
Both concepts have been adopted by a wide variety of
disciplines as a framework for understanding system
dynamics (Folke, 2006). The introduction of ecological
resilience as defined by Holling, essentially marked a
shift from traditional perspectives, focusing on stability,
efficiency and control, to an approach that embraces
variability, uncertainty and change as inherent system
properties (Adger et al., 2005). However, this alternative
approach wasn’t immediately embraced by scholars and
the engineering approach continued to influence scientific

Figure 7 Engineering resilience (left) and ecological resilience (right) (Liao, 2012)
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thinking for a long time (Folke, 2006). In psychology and
disaster studies for example, resilience often still refers
to a bounce-back to previous conditions, also expressed
in terms of recovery (Pendal et al., 2010). However,
returning a system back to its predisaster state might
not always be constructive, as the system proved already
vulnerable in the first place. In addition, a bounce-back to
previous conditions implicitly assumes an optimal state,
which is based on normative judgements. In ecology and
environmental management, assumptions about optimal
system states resulted in short-term solutions, attempting
to control certain variables (Folke, 2006). An example is
the construction of flood-control and drainage systems,
that contain natural water flows. In the long-term, this
kind of thinking often resulted in spatially homogenised
landscapes, that proved even more vulnerable than before.
In certain contexts, the single-equilibrium view might be
a useful framework to explain system dynamics. However,
it only applies to the behavior of linear systems or nonlinear systems in the vicinity of a stable equilibrium (Folke,
2006). In reality, human and natural systems are often too
complex to explain with a single-equilibrium model, as they
operate on multiple scales through space and time. Thus,
when dealing with these complex systems, engineering
resilience proved a deceptively simple representation of
the real world.
For these reasons, scholars increasingly became aware
of the limitations of engineering resilience and over the
past 45 years, Holling's perspective on system dynamics
has grown into a substantial body of resilience theory
and practise. As the multi-equilibrium view originates in
ecology, early perspectives mainly focused on ecosystem
dynamics (Folke, 2006). Within this domain, resilience
became the theoretical basis for adaptive ecosystem and
resource management. On a larger scale, thinking beyond
steady states led to the emergence of landscape ecology,
that focuses on spatial heterogeneity and pattern-process
relations in landscape systems (Cumming, 2011). Outside
of ecology, the resilience perspective was soon adopted
by social sciences, like anthropology, psychology and
economy. Within the social domain, studies have focused
on the resilience of human entities, such as individuals,
communities, companies and nations, and the way they
deal with change. Despite the fact that most studies on
resilience involved both ecological and social systems,
many focused on processes either within the social domain
or the ecological domain, excluding essential interactions
between the two (Folke, 2006).

3.1.2 SOCIAL-ECOLOGICAL RESILIENCE
The last few decades, resilience received increasing
attention in human-nature coupled systems, also
referred to as social-ecological systems (Berkes, 2007).
Social-ecological systems are complex adaptive systems
operating on a variety of scales. They are not simply social
plus ecological systems, but exhibit their own unique
properties and complex behaviour (Cumming, 2011).
The emergence of this concept is related to changing
perspectives on the relationship between humans and
nature. Traditionally, humans saw themselves as seperate
entities living in nature, benefiting from its resources and
managing it through conservation (figure 8). As the world
has become predominantly urban, this view has shifted

People in nature

People with nature

Figure 8. Paradigm shift towards social-ecological systems
(based on Péres-Soba and Dwyer, 2017)
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towards an integrated perspective on human-nature
coupled systems (Folke, 2016).
In the context of these complex adaptive systems, a third
interpretation of resilience emerged, that integrates social
and ecological processes: social-ecological resilience
(Folke, 2006). The most common definition of socialecological resilience in literature is ‘’the capacity of a
system to absorb disturbance and re-organize while
undergoing change so as to still retain the same function,
structure, identity, and feedbacks’’ (Walker et al., 2004).
The first part of this definition, the capacity to absorb
disturbances, essentially describes the interpretation
of ecological resilience as defined by Holling, which
has formed the foundation from which the resilience
perspective has developed (Folke, 2006). A lot of research
has focused on this capacity to absorb disturbances, also
referred to as the persistence or robustness of a system.
However, resilience in complex adaptive systems is not
only about resisting change and maintaining functions. It
is also about the opportunities, that a disturbance creates
in terms of reorganization and renewal. Therefore, socialecological resilience incorporates the idea of adaptation,
learning and self-organization, in addition to the ability
to persist (figure 9). Subsequently, Carpenter et al. (2001)
summarize social-ecological resilience as:
1. The amount of disturbances a system can absorb and
still remain within the same state or domain of attraction
2. The degree to which the system is capable of selforganization
3. The degree to which the system can build and increase
the capacity for learning and adaptation

A resilience approach for social-ecological systems is
thus concerned with persistence in the face of change
through continuous adaptation and transformation into
more desirable configurations (Folke, 2006). It is these
key elements of social-ecological systems, that prevent a
system to shift to an undesirable system regime.
As this thesis focuses on complex adaptive systems
along the coast, social-ecological resilience is the most
appropriate interpretation of resilience and will be used
throughout the rest of the research. Henceforth, the term
resilience refers to the above mentioned definition of
social-ecological resilience.

3.2.2 ADAPTIVE CYCLE AND PANARCHY
Before focusing on operationalizing a resilience approach,
it is important to explain some concepts that are part of
resilience theory. Resilience thinking uses the adaptive cycle
to describe and analyse the dynamics of social-ecological
systems (Walker et al., 2004). This cycle represents a
system’s adaptation to internal and external forces,
and consists of four phases: exploitation, conservation,
release and reorganization (Pendal et al. 2010). In this
model, resilience is treated as a dynamic attribute, that
continually varies as the system changes. The manner in
which a system behaves, and its vulnerability to shocks,
is highly dependent on the phase of the cycle the system
happens to be in (Walker and Salt, 2006).
The exploitation and conservation phase comprise the
relatively slow and predictable forward loop of the cycle

Resilience concepts

Characteristics

Focus on

Context

Engineering resilience

Return time, efficiency

Recovery, constancy

Vicinity of a stable equilibrium

Ecological resilience and

Buffer capacity, withstand

Persistence, robustness

Multiple equilibria, stability

social resilience

shock, maintain function

Social-ecological resilience

Interplay disturbance and

Adaptive capacity,

Integrated system feedback,

reorganization, sustaining and

transformability, learning,

cross-scale dynamic

developing

innovation

interactions

Figure 9. Sequence of resilience concepts (derived from Folke, 2006)
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landscapes

(Walker et al., 2004) (figure 10). It starts with a period of
rapid growth, as actors exploit opportunities and available
resources. Over time, resources accumulate within the
system and connections become more fixed and stable
(Pendal et al., 2010). As the conservation phase continues,
the system becomes less flexible and responsive to
shocks (Walker et al., 2004). Eventually, a single shock
might cause a chaotic collapse and release phase of the
system, rapidly followed by a reorganization phase. The
release and reorganization phase comprise the relatively
unpredictable back loop of the cycle. This is the time when
opportunities arise for innovation and renewal, and when
human interventions can have the biggest impact (Walker
and Salt, 2006). The model does not imply a fixed cycle
and order of phases. A system could move back from one
phase to the other or skip one.
It is important to indicate that adaptive cycles occur on
different scales through space and time, and that they
are constantly interacting with each other (Folke, 2006).
These cross-scale interactions in social-ecological systems
are emphasized in a model of nested adaptive cycles,
which is referred to as panarchy (figure 11). The relevance
of these nested cycles is that a certain scale is always
affected by the scales above and below, both in space and
time (Pendal et al., 2010). For example, the slow and large
scale process of sea level rise can have major impacts on
local estuary systems. The other way around, pollution in
multiple upstream rivers can lead to major problems in the
downstream estuary systems in the long term.
The concepts of the adaptive cycle and panarchy can
be useful tools to examine changes in social-ecological
systems and to think about patterns and processes in a
dynamic fashion (Walker and Salt, 2006). It emphasizes that
systems are constantly changing, and that disturbance is
part of development (Folke, 2006). A better understanding
of these cycles provides inside in the way a system changes,
how to manage its resilience and what interventions to
implement and when.

Figure 10. Adaptive cycle (Holling and Gunderson, 2002)

Figure 11. Panarchy of adaptive cycles (derived from Holling and
Gunderson, 2002)
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3.3 RESILIENCE AS A FRAMEWORK FOR DESIGN

3.3.1 MISSING LINK
Designers play a vital role in the reorganization of human
and natural systems into more resilient configurations
(Copley, 2014). However, the application of social-ecological
resilience in planning and design is still in an exploratory
stage (Allan and Bryant, 2011). So far, the concept has
mainly been used as a metaphor for understanding
dynamics in urban systems and describing changing
perspectives within the discourse from equilibrium to
non-equilibrium thinking. As such, Liao (2012) uses the
concept of resilience to explain a city's ability to cope
with floods. He makes a distinction between resistant
and resilient cities, based on the previously described
disparaties between engineering and ecological resilience
(figure 12). Resistant cities are highly dependent on floodcontrol infrastructure, which limits natural dynamics,
decreases opportunities to learn and ultimately leaves
little room for fluctuations (Liao, 2012). As a consequence,
a minor disturbance might cause the system to shift into
an undesirable system regime. Resilient cities tolerate
much greater fluctuations, because they allow for regular
disturbances that each time provide opportunities to learn
and adapt. Through continuous adaptation, large-scale
distasters can be prevented.

Figure 12. Resistant city and resilient city (Liao, 2012)
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Although the concept of resilience provides a useful
frame for understanding dynamics in urban systems, it
does not provide practical tools for urban planning and
landscape design (Forgaci, 2018). There is little knowledge
on what spatial properties make a city resilient and very
little literature that links resilience with spatial design
(Wardekker, 2018). By virtue of their training in patternprocess relations and design on different scales in space
and time, landscape architects are uniquely positioned
to bridge the gap between resilience theory and design
practise (Copley et al., 2015). Therefore, this section
aims to operationalize resilience as a framework for
design by integrating two theoretical components of
resilience theory and landscape architecture theory into a
conceptual framework. This leads to spatial principles for
building resilience that can be tested in a case study design
for the Avon-Ōtākaro river red zone.

3.3.1 LANDSCAPE APPROACH
Many aspects of resilience thinking are already embedded
within the landscape architecture discourse (Copley
et al., 2015). Key principles, such as the integration of
human and natural systems, and thinking beyond scales
in space and time, are particularly well represented in a
landscape approach to design, taught at Wageningen
University. This holistic approach links complex interacting
processes in human-nature coupled systems with spatial
landscape patterns. A commonly used framework to aid
in understanding pattern-process relations in landscape
systems, is the triplex model or layer model (figure
13). It explains how processes in abiotic, biotic and
cultural systems interact, resulting in specific landscape
configurations (Kerkstra et al., 1976). A thorough
understanding of these interactions lies at the basis of a
landscape approach (Bell, 2012). Although much focus lies
on process design and functional landscapes, Koh (2008)
emphasizes the importance of aesthetic and experiential
concerns in applying a landscape approach. Revealing
underlying processes in everyday landscapes is essential
in creating culturally meaningful landscapes with a strong
sense of place and identity. This holistic approach provides
analytical and design tools to operationalize resilience, and
therefore forms the basis for the conceptual framework.

LANDSCAPE

CULTURAL

BIOTIC

ABIOTIC

TIME
SPACE

Figure 13. Layer model (derived from Kerkstra, Struik and
Vrijlandt, 1976)

3.3.3 SYSTEM ATTRIBUTES
In order to build resilience, one needs to understand
what properties make a social-ecological system resilient
(Kerner and Thomas, 2014). Literature mentions a variety
of system attributes, that help achieve resilience in socialecological system. These attributes are useful because
many have distinct spatial implications (Allan and Bryant,
2011). From a landscape architecture perspective, focusing
on spatial configurations and design interventions, a
selection of system attributes was made that are applicable
in a spatial context and can be enhanced through spatial
interventions. They are briefly explained on the next page.
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Diversity

Buffering

Diversity refers to the number and variety of species,
people and institutions, that exist in social-ecological
systems (Walker and Salt, 2006). It increases the
options to cope with shocks and stresses in different
ways, thus making the system less vulnerable
(Berkes, 2007). In an ecological sense, biodiversity
contributes to healthy ecosystems and is essential
in a system's ability to provide ecosystem services
in the face of shocks and stresses (Carpenter et
al., 2001). Furthermore, diversity in land use,
user groups and governance institutions enforces
adaptive capacity in community systems (Biggs et
al., 2012).

Buffering refers to the ability of a social-ecological
system to absorb disturbances without functional
degradation (Liao, 2012). A resilient social-ecological
system therefore builds in buffer mechanisms
that dampen the impact of disturbances by
overdimensioning the system (Wardekker et al.,
2010). However, fully relying on these mechanisms
increases vulnerability in the long-term.

Redundancy and modularity
Redundancy describes the presence of multiple
components in social-ecological systems, that
perform the same function in different ways (Liao,
2012). These components can substitute each other
when one of them fails. Modularity refers to the
division of a network into subsystems, that together
form one functioning whole (Allen and Bryant,
2011). When a system is highly centralized and
overconnected, a failure in one part of the system
might cause the whole system to break down. In a
redundant and modular system, the risk of failure
is spread across different scales in space and time
(Ahern, 2011). In other words, the system is safeto-fail.
Connectivity
Connectivity refers to the structure and strength of
interactions between different system components
(Biggs et al., 2012). Although overconnected
systems are susceptible to total system failure,
fragmentation might also increase vulnerability
in subsystems (Cumming, 2011). Connectivity
increases resilience through the accessibility
and exchange of knowledge and resources,
which enables actors to respond adequately and
reorganize while undergoing change (Liu, 2019). It
is also essential in ecological systems to maintain
biodiversity.
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Variability
Variability refers to the inherent variations and
dynamic processes in natural systems, which cause
constantly changing circumstances and uncertainty.
Controlling variability limits the opportunities to
adapt and learn, increasing vulnerability over time
(Walker and Salt, 2006). Embracing variability,
uncertainty and change is therefore key to resilience
(Adger et al., 2005). A resilient social-ecological
system provides space for dynamic processes and
allows for regular disturbances.
Learning and innovation
Innovation focuses on the ability of a social-ecological
system to learn and transform while undergoing
change (Walker and Salt, 2006). It is about seizing
opportunities for system renewal, that arise from
each disturbance (Berkes, 2007). A resilient system
therefore encourages experimentation and focuses
on building ecological and social memory through
experience. Constant interaction between human
and natural systems is essential.
Flexibility
Flexibility refers to the ability of social-ecological
systems to timely adjust to change through smallscale modifications in subsystems (Liao, 2012). This
requires tight feedback mechanisms and flexible
use on smaller and faster scales (Biggs et al., 2012).
It heavily depends on the ability and willingness of
local actors to self-organize and manipulate their
environment (Wardekker et al., 2012).

3.3.4 CONCEPTUAL FRAMEWORK
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Firstly, it can be applied as a framework for understanding
the landscape system in relation to resilience. The
framework emphasizes several imporant aspects
that a designer needs to consider. Firstly, a thorough
understanding of different landscape layers is required on
a variety of scales in space and time. The layer model and
the adaptive cycle can be a useful tools to examine changes
in social-ecological systems and adaptations to past events.
Understanding past occurences is essential in responding
to recent events and in anticipating future disturbances.
The framework also emphasizes the integration of people
and nature. Therefore, besides objective knowledge on
ecological processes, resilience design requires active
engagement with people during the design process (Lister,
2007).

DESIGN INTERVENTIONS
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Because these attributes are general and already
embedded in landscape architecture and urban design
discourse, they are useful in building a spatial framework
for resilience (Allan and Bryant, 2011). The integration of
resilience theory and landscape architecture is visualized
in the conceptual framework in figure 14. It illustrates the
connection between the spatial organization of landscape
systems and their ability to persist, adapt and self-organize
in the face of change. This integrated framework has
several implications for analysis and design in landscape
architecture practise.

REDUNDANCY

Figure 14. Conceptual framework integrating resilience and design

Secondly, the framework can be used as a generator
for place-specific design interventions by integrating
theoretical knowledge with place-specific characteristics.
As illustrated in figure 14, these interventions subsequently
contribute to building resilience in that particular system.
However, the system attributes are still quite general and
they do not explicitly state how to achieve resilience through
spatial interventions. To increase the practical application
of the framework in a design for the Avon-Ōtākaro river
red zone, the system attributes are translated into spatial
principles for building social-ecological resilience in urban
river systems.
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3.4 SPATIAL PRINCIPLES

The way that system attributes are expressed in a specific
context, depends on the type of system you are dealing
with (Cumming, 2011). For example, ecological variability
holds different meanings in the context of a forest and
bush fires than in the context of a river and floods. This
thesis focuses on urban river systems, which are commonly
places of intense social and ecological interaction (Fogaci,
2018). An urban river system typically consists of a river
channel including its floodplain and tributaries, underlying
soils, green spaces and built environment. They are
often exposed to water related hazards, such as flooding
and subsidence, because of physical preconditions in
combination with intense human activity.
Based on these characteristics and previously described
system attributes, 13 spatial principles were formulated
that support resilience in urban river systems. They are

• Dynamic rivers
Embrace natural variability in river systems by
allowing dynamic processes, such as sediment
flows, channel migration and regular flooding (Liao,
2012). Regard the water system as an integrated
part of the urban environment and provide space
for hydrological processes.
• Natural floodplain
Create a natural floodplain with native ecologies
and flood tolerant species, supporting ecological
functioning and self-organizing capacity of the river
system (Fogaci, 2018). These green-blue networks
provide important regulating services, such as
water purification and flood control (Van Long et
al., 2020).
• Safe-to-fail
Create a modular and redundant flood system by
compartmentalizing catchment areas, increasing
floodable space within the urban environment and
adding a diversity of response mechanisms (Liao,
2012). This increases the capacity of the city to
absorb disturbances and minimizes damage in case
of failure.
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based on existing strategies in landscape architecture,
urban design and ecology, and operationalize previously
mentioned system attributes in the spatial context of urban
river systems. For example, diversity in social-ecological
systems can be achieved through spatial differentiation
in size and type of vegetation cover, ground surfaces and
built structures (Zhou, 2016).
To come to place-specific design interventions for the
Avon-Ōtākaro river area, these principles need to be
calibrated to the structure, function and identity of the
landscape system, which will be the focus of the following
chapters (Allan and Bryant, 2011). Testing these principles
in a case study design might provide valuable insights in
their instrumental value in design.

• Urban connectivity
Maintain connectivity of essential urban
infrastructure networks, like transportation,
communication and energy distribution, by
implementing durable structures and creating
redundancy in subsystems (Ahern, 2013).
• Urban ecological networks
Create an interconnected network of urban green
spaces on different scales to support biodiversity
and strengthen the ecological performance of
natural systems within dense urban environments
(Liu, 2019). Emphasize the importance of robust
urban green networks in providing ecosystem
services and functions (Ahern, 2013).
• Integrated buffers
Integrate grey infrastructure, such as dikes and
drainage pipes, with green-blue infrastructure
to complement natural flood protection and
prevent damage to valuable assets within the built
environment (Ahern, 2013).

• Spatial heterogeneity
Increase the diversity of resources and tools
to cope with disturbances by creating spatially
heterogeneous
landscape
systems.
Urban
heterogeneity requires spatial differentiation in
size and type of urban structures, which include
vegetation cover, ground surfaces and built
structures (Zhou, 2016).

• Community participation
Include local communities in the decision and
implementation process and encourage bottomup initiatives (Lister, 2007). Encourage selforganization on smaller scales to enable timely
adjustments (Liao, 2012). Top-down large scale
strategies provide a framework for development,
guiding towards larger goal.

• Multifunctionality
Enhancing diversity in a limited space can also be
achieved by creating multifunctional landscapes,
either through spatial stacking, in which one spatial
location is organized to performs multiple functions
at the same time, or through time shifting, in which
uses of the same location change over time (Ahern,
2013).

• Place-making
Create a strong sense of place and provide culturally
meaningful experiences by emphasizing features in
the landscape that relate to social values (Copley
et al., 2015). This requires engagement with local
communities during the design process. Historical
sites or landscape features, such as buildings,
structures or spiritual places, provide significant
opportunities for place-making.

• Flexible land use
Land uses should be based on key drivers of risk,
such as sea level rise, and how fast they change
(Copley, 2014). Encourage experimentation,
small-scale projects and temporary use in highrisk locations, while providing permanent use and
robust structures in low-risk places. This requires an
open landscape structure with easily adjustable site
components.
• Eco-revelatory design
Encourage the interaction of people with nature
by revealing natural processes in everyday urban
landscapes (Copley, 2014). Visibility of changing
conditions within the landscape allows for fast
warning signs and easily monitoring of changing
variables. Furthermore, it increases adaptive
capacity and strengthens a sense of responsibility
for the natural environment.
• Local resources
Create redundancy in resource supply systems
by encouraging local resource networks, such as
renewable energy supply and local food production.
Instead of relying on a centralized system of
regional supply, set up smaller scale networks of
local resources, such as food, water, waste, energy,
decreasing carbon footprint and raise awareness.
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LANDSCAPE ANALYSIS

INTRODUCTION
This chapter focuses on the landscape system of the
Avon-Ōtākaro river red zone on a variety of scales in
space and time. Resilience is used as a theoretical lense
to assess landscape changes in relation to vulnerability to
natural hazards. Section 4.1 discusses relevant patterns
and processes of the landscape context on a variety of
scales in space and time. In section 4.2, it is explained how
physical preconditions create susceptibility to earthquake
and flood hazards. Section 4.3 discusses the historical
development of the Avon-Ōtākaro river floodplain and
provides insight in increased vulnerability to these hazards
due to anthropogenic changes to the landscape system.
The chapter concludes with a site analysis of the red
zone area in section 4.4, which focuses on site-specific
characteristics of the red zone area.
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4.1 LANDSCAPE CONTEXT

PEGASUS BAY
KAIAPOI

WAIMAKARIRI
CHRISTCHURCH

LAKE ELLESMERE

BANKS PENINSULA
PACIFIC PLATE

CANTERBURY BIGHT
ALPINE FAULT

CANTERBURY PLAINS

Figure 15. New Zealand (right) and Canterbury Plains (left)
INDO-AUSTRALIAN PLATE

4.1.1 NEW ZEALAND
New Zealand is known for its amazing diversity of natural
landscapes, changing over relatively small distances
(Molloy and Smith, 2002). This diversity is related to the
position of the archipelago right on the collision zone of
the Pacific Plate and Indo-Australian Plate (figure 15). The
tectonic uplift, caused by the convergence of these plates,
resulted in volcanic landforms and mountain ranges
running diagonally across the islands. The South Island, Te
Waipounamu in Māori, is largely defined by the Southern
Alps. This mountain range has been uplifted over the
past 25 million years, due to ruptures in the Alpine Fault
(Spronken-Smith and Sturman, 2001). As the land was
rising, it was constantly worn down by erosion. Sediments
were moved elsewhere by glaciers and rivers, resulting in
more youthful landforms along the coast. The interplay of
dynamic forces, such as mountain building, erosion, sea
level fluctuations and glaciation, makes New Zealand one
of the most scenic places on Earth, but also exposes its
inhabitants to a variety of hazards, such as earthquakes
and floods.
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Although the physical landscape of New Zealand is relatively
young, the island group is renowned for its ancient
biota, due to long-term isolation from other continental
landmasses (Molloy and Smith, 2002). Some species
have occupied the land for over 85 million years, when
New Zealand separated from the Gondwana continent.
As a consequence, there are few native mammals on the
islands and some unique flightless birds. The introduction
of exotic species after human settlement has led to huge
losses of native biodiversity. This is one of the major
environmental issues New Zealand is currently dealing
with. Human occupation only began roughly 600 years
ago, when Polynesian tribes first settled on the shores
(Wilson, 2019). Europeans discovered the islands in the
17th century, which led to New Zealand becoming a British
colony in 1841. Only in 1986, New Zealand gained full legal
independence. Despite signed treaties, the colonial past
caused many conflicts between indigenous Māori and
European settlers and is still leading to inequalities.

4.1.2 CANTERBURY PLAINS
Christchurch is located on the coastal lowlands of the
South Island, also known as the Canterbury Plains (figure
15). The Canterbury Plains are the largest alluvial plains in
New Zealand, covering around 750.000 hectares (Molloy
and Smith, 2002). The building of the Plains is related to
the uplift of the Southern Alps during the Kaikoura Orogeny
and successive glaciations during the Late Pleistocene
(Soons and Selby, 1982). During glacial episodes, large
amounts of greywacke gravel from the Alps were poured
into major braided rivers, forming a series of giant alluvial
fans (figure 16). The Plains, built up from multiple layers
of gravel outwash, slowly extended towards the east
until they finally connected to the old volcanoes of Banks
Peninsula. The Peninsula, which used to be an offshore
island, subsequently played a major role in shaping the
Canterbury coastline, as the solid volcanic rock anchored
the greywacke sediments and prevented it from eroding
(Molloy and Smith, 2002).
Christchurch was built upon the former floodplain of the
Waimakariri river, one of the major rivers that built up
the Canterbury Plains (figure 17). This braided river now
flows northward past Kaiapoi, but changed its course
multiple times throughout history (Molloy and Smith,
2002). Former channels can be found over an area ranging
from its current location north of Christchurch all the way
towards Lake Ellesmere, south of Banks Peninsula. The
influence of the Waimakariri river on the geology of the
Canterbury Plains is clearly visible in figure 18.

4.1.3 CHRISTCHURCH
Christchurch is located at the southern edge of Pegasus
Bay north of Banks Peninsula (figure 15). In this location,
alluvial gravels deposited by the Waimakariri during glacial
episodes are interbedded with marine and estuarine
sediments (Cox et al., 2012). These sediments are a result
of the westward transgression of the coastline during
interglacial episodes (figure 19). Gravel layers function as
confined aquifers and marine and estuarine sediments
function as aquitards, influencing the artesian groundwater
system underneath Christchurch (figure 20).
Former channels of the Waimakariri river are now
occupied by several spring-fed rivers emerging from
beneath the surface, recharged by groundwater seepage
from the Waimakariri river and rainfall (White, 2009). The

125.000 years B.P.

Present day

Figure 16. Formation of the Canterbury Plains (based on Bal,
1996)

Figure 17. Waimakariri river (Batchelor et al.,2021)
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Figure 18. Geology of the Canterbury Plains (Forsyth et al., 2008)

32

KAIAPOI

WAIMAKARIRI RIVER

STYX RIVER
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AVON RIVER

Figure 19. Christchurch sea level changes
(McCloud et al., 2014)
HEATHCOTE RIVER

Figure 20. Canterbury Plains ground water flows
(Stewart, 2012)

Figure 21. Waimakariri floodplain and Christchurch's spring rivers

interplay between fluvial and coastal processes resulted
in significant heterogeneity in post-glacial Holocene
sediments underlying Christchurch (Hughes et al., 2015).
The west part of the city is underlain by alluvial gravels from
the Waimakariri river, also referred to as the Springston
Formation (Tonkin and Taylor, 2014) (figure 22). The east
part of the city is dominated by marine and estuarine
sediments, coastal dunes and fine alluvial deposits from
the Avon, Heathcote and Styx rivers, also referred to as
the Christchurch Formation (Hughes et al., 2015). Due to
its position on a seismic-active floodplain, Christchurch
is highly susceptible two types of hazards: earthquake
and flood hazards. The following section discusses the
natural hazard events that pose a significant risk for the
city, in particular for the eastern suburbs surrounding the
Avon-Ōtākaro river. It explains the processes that underly
these hazards and the impact they might have on socialecological systems.
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Figure 22. Soil formations Christchurch (based on Cox et al., 2012)

4.2 HAZARDS

4.2.1 EARTHQUAKE HAZARDS
Earthquakes are very common throughout New Zealand
due to the position of the islands right on the collision
zone of two tectonic plates. The majority of earthquakes
in the Christchurch region is caused by minor tectonic
faults underneath the surface, many of which have not
been identified (Potter et al., 2015). Earthquakes can be
categorized as shocks, instantaneous events that are hard
to predict (GNS, n.d.). They can cause substantial ground
shaking, which in itself poses huge risks for densely built
environments. In a floodplain environment, intense ground
shaking can trigger other hazards, such as liquefaction,
lateral spread and subsidence.
• Liquefaction
Liquefaction occurs when saturated soils start behaving like
a liquid and lose strength as a result of repeated shaking
(Quigley et al., 2014). This particularly happens in places
with high groundwater levels and fine-grained sediments
in surface layers. The process can cause major damage to
built structures and natural environments.
• Lateral spread
Along waterways, liquefaction is often accompanied
by excessive lateral ground displacement, called lateral
spread (Cubrinovski et al., 2012). This process can cause
huge damage to buildings and infrastructure that are
within close proximity to streams and rivers.
• Subsidence
Subsidence refers the lowering of the ground surface,
due to underground material movement (GNS, n.d.).
Earthquake-induced subsidence is either a result of
downward vertical displacement on one side of a fault line
or a side-effect of liquefaction.

4.2.2 FLOOD HAZARDS
Due to its position on a coastal floodplain, Christchurch is
prone to three types of flood events: coastal, pluvial and
fluvial flooding (Tonkin and Taylor, 2014). They can be
categorized as shocks, however the conditions in which
floods are likely to occur are more predictable.

• Coastal flooding
Coastal flooding occurs when normally dry lands along the
coast are inundated as a result of extreme tidal conditions
(Tonkin and Taylor, 2014). These conditions are often
caused by high tides coinciding with extreme weather
events. Low-lying areas around the coast and estuaries are
particularly prone to coastal flooding.
• Pluvial flooding
Heavy rainfall can cause major floods, when the capacity of
drainage systems is exceeded. In urban environments, this
is often caused by failure of engineered drainage systems
and lack of green surface for infiltration.
• Fluvial flooding
When the capacity of river channels or streams is exceeded,
river beds can overflow, causing floodings in surrounding
low-lying land. This can happen as a result of heavy rainfall
locally or by extreme supply from groundwater seepage.
The land surrounding the Avon-Ōtākaro river is particularly
prone to earthquake and flood hazards, due to the
foundation of fine alluvial sediments, high water tables
and low elevations (Hughest et al., 2015). These hazards
might occur simultaneously or cumulatively over time.
Furthermore, hazard risk is influenced by processes in
social-ecological systems and may change over time. In
the following section, it is explained how anthropogenic
and earthquake-induced landscape changes caused an
increased vulnerability to these hazards over time.

4.2.3 SEA LEVEL RISE
Climate change is expected to increase the intensity and
frequency of these hazard events, due to more extreme
weather events and sea level rise (IPCC, 2014). This is
an important underlying stress that needs to be taken
into account when designing coastal cities. Sea level rise
projections can help to identify flood-prone areas and
develop fitting adaptation strategies.
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4.3 HISTORICAL DEVELOPMENT

4.3.1 SWAMPS AND LAGOONS

This section uses the adaptive cycle as a tool to examine
changes in the social-ecological system of the AvonŌtākaro river, that caused an increased vulnerability to
previously described hazards (see figure 24). The phases of
the adaptive cycle are represented by four significant time
periods from before European settlement to present day.
The exploitation phase starts around the time that Māori
begin to use the area as a seasonal resource-gathering
place. The exploitation phase gradually transitions into the
conservation phase, as the city of Christchurch, established
by European settlers in 1850, expands onto the low-lying
coastal floodplain. The 2010-2011 earthquake sequence
and the immediate aftermath represent the chaotic
collapse and release phase. The city is currently in the
reorganization phase, which provides unique opportunities
to reorganize the social-ecological system to better adapt
to future threats.

Around 1800, before European settlement, the Christchurch
area was largely occupied by swamps and lagoons, which
were separated from the sea by sand dunes (Brown and
Weber, 1992). At that time, most forests had already been
destroyed by fires and floods, except for a few lost patches
of kahikatea floodplain forest around Riccarton and
Papanui. Two spring rivers, Ōtākaro (Avon) and Ōpāwaho
(Heathcote) meandered through the swamps, ending in a
large estuary connected to the sea (figure 23). The Ngāi
Tahu, the dominant Māori tribe in the area at that time,
used the rivers and wetlands as a seasonal resourcegathering area, a practise referred to as Mahinga Kai
(Hughes et al., 2015). In addition to eel and waterfowl, the
rivers and wetlands yielded flax and raupo, which could
be used for making clothes and ropes. Ōtākaro means
''a place of game'', named after the children that played
on the banks of the river as the food gathering was being
done (Christchurch City Libraries, n.d.). Besides a valuable
Mahinga Kai site, the swamps and rivers had important
spiritual meaning for the Ngāi Tahu. Few Māori lived in
the Ōtākaro area itself, as they did not consider the area
suitable for permanent settlement. Europeans discovered
New Zealand in the 17th century and first settled on the site
of Christchurch in 1840 (Christchurch City Libraries, n.d.).

Figure 23. Early settlements and swamps (Norman, 1855)

Figure 24. Historical development Avon-Ōtākaro river
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4.3.2 URBANIZATION
After buying land from the Māori, British settlers
established the city of Christchurch in 1850 upon a slightly
elevated area along the Ōtākaro river (Christchurch City
Libraries, n.d.). The Ōtākaro, later called the Avon river,
played an important role in the early days as it was used for
water supply and transportation of goods. As populations
started to grow, waterborne diseases and flooding became
a serious problem (Watts, 2011). Hence, the Christchurch
Drainage Board was established in 1875 to implement
drainage and wastewater systems. In the 1950s, the city
started to grow rapidly and low-lying wetlands were
increasingly drained to make residential development
possible (Wilson, 2005). Eastern stretches of the AvonŌtākaro river remained a green belt of farmland until

Figure 25. East Christchurch in 2010 (derived from Canterbury
Maps, 2019)
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Urban developments since 1850, based on an engineering
approach, significantly changed the geomorphology
and hydrology of the Avon-Ōtākaro landscape system,
and subsequently increased vulnerability and reduced
resilience to earthquake and flood hazards over time (CCC,
2003). The implementation of flood control infrastructure
has limited river dynamics, reducing the visibility of
dynamic processes and opportunities to learn. A false
sense of safety is provided by dependency on engineered
structures. Widespread drainage of wetlands has caused
ground settlement, increasing surface flooding and
ponding in low-lying areas (Hughes et al., 2015). Surface
flooding is also exacerbated by the increasing amount of
impermeable surfaces. Removal of floodplain vegetation
and dampening of streams has impacted the ecological
performance of the river system, including the ability to
absorb floods and filter contaminated stormwater. The
disappearance of native ecosystems also caused a dramatic
decline in biodiversity, worsened by the introduction of
exotic species by European settlers. Furthermore, the
monofunctional suburbs that replaced the wetlands lack
spatial heterogeneity and provide few different response
mechanisms to threats. These changes contributed to the
devastating impact of the 2010-2011 earthquakes.
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4.3.3 EARTHQUAKES
In 2010 and 2011, a series of earthquakes and aftershocks
occurred within the Canterbury region, as a result of
the rupture of several minor fault lines underneath the
surface of the Canterbury Plains (figure 26). The first
and strongest earthquake struck on the 4th of September
in 2010 near the town of Darfield (Potter et al., 2015).
This earthquake occurred on the previously unidentified
Greendale fault and caused little damage because of
the distance of the earthquake from major urban areas.
A sequence of aftershocks followed, which included a
catastrophic aftershock on the 22nd of February in 2011.
This 6.3-magnitude shock occurred 10 km south-east of
the city centre at a depth of 5 km.
Due to the proximity of hidden faults, the earthquakes
caused severe and ongoing impacts on the built and
natural environment in Christchurch (Potter et al., 2015).
Intense ground shaking resulted in major damage to built
structures and the death of 185 people, mainly associated
with two collapsed office buildings in the CBD during the
February earthquake. Furthermore, in eastern sections of
the city, repeated shaking caused widespread liquefaction,
lateral spread and subsidence along urban waterways
(figure 27, 28). These processes significantly impacted
the city's topography and hydrology, which in turn
enhanced the spatial extent and severety of flood hazards
in Christchurch, posed by heavy rainfall, storm surges
and sea level rise (Copley et al., 2015) (figure 29). For
example, lateral spread caused narrowing and shallowing
of stream channels, which was enforced by sedimentation
from liquefaction ejecta entering the river (Quigley et

Figure 26. Largest earthquakes and aftershocks in Christchurch
between 2010 and 2011

al., 2016). Furthermore, liquefaction-induced subsidence
significantly lowered the river floodplain, subsequently
reducing the capacity of soils to absorb stormwater as
groundwater levels are closer to the surface (Hughes et al.,
2015). Along tidal stretches of the Avon-Ōtākaro river this
can be compared to 0,5 to 1 m sea-level rise overnight.
Another contributor to the increased flood risk was the
damage of engineered stormwater systems (Hughes et
al., 2015). Copley et al. (2015) describe the 2010-2011
earthquakes as ''a cascading disaster, where earthquake
risk is compounded by the added impacts of frequent
flooding.'' (Copley et al., 2015, p.7). Projected sea level
rise will probably increase earthquake and flood risk in the
coming decades, calling for an urgent focus on appropriate
planning and design responses to future threats (Hughes
et al., 2015).

Figure 29. Flooding Avon-Ōtākaro 2014
(Coleman, 2014)
Figure 27. Liquefaction after December
2011 earthquake (de Ruyter, 2011)

Figure 28. Land elevation changes 2010-2011
(Tonkin and Taylor, 2014)
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4.3.4 FROM RED TO GREEN
Based on the severety of land damage and future flood
risk, an area of 630 hectares surrounding the AvonŌtākaro river was deemed unsuitable to live on (Copley et
al., 2015) (figure 30). The land was declared a ''Residential
Red Zone'' by the Canterbury Earthquake Recovery
Authority (CERA) after the February earthquake in 2011,
which led to a government buyout of almost 8.000 red
zoned properties. This decision heavily disrupted east
Christchurch's communities, causing emotional damage
and a lost sense of community, in particular amongst
residents that were permanently displaced from their land
(Potter et al., 2015).
The area, now often referred to as the Ōtākaro Avon River
Corridor, is almost entirely cleared of its houses and has
become predominantly green (Copley et al., 2015) (figure
31). What remains is a landscape-scale ruin, four times
the size of Hagley Park, with damaged roads, garden
plants and streets signs, reminding visitors of previously
lively neighbourhoods (Bowring, 2018). Since 2015, the
land is managed by Land Information New Zealand (LINZ)
on behalf of the Crown, while the government has been
deliberating on its future. This has proven a difficult
process, due to many conflicting ideas and an overriding
desire to clean up (Bowring, 2018). Various stakeholders
came up with small-scale proposals, such as the Eden
Project and a Rowing Lake, but a large-scale strategy is still
missing and in the mean time, the land remains largely
unused.
While there is a sense of urgency to restore previous
conditions, the red zone area provides a huge opportunity
to make large-scale strategic changes and reorganize the
social-ecological system to better adapt to the revealed
landscape dynamics (Bowring, 2018). Therefore, this thesis
explores how a large-scale design for the red zone area
might enhance social-ecological resilience to earthquake
and flood hazards. A site analysis and semi-structured
interviews were conducted to gain better insight in placespecific characteristics of the social-ecological system.

Figure 30. Avon-Ōtākaro river 2010 (derived from Canterbury
Maps, 2019)

Figure 31. Avon-Ōtākaro river 2019 (derived from Canterbury
Maps, 2019)

Figure 32. Red zone: opportunity for transformation

socialecological
system
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4.4 SITE ANALYSIS

In order to come up with site-specific design interventions
for the Avon-Ōtākaro river red zone, a more detailed
analysis of the site is required. Therefore, this section
provides an overview of abiotic, biotic and cultural site
components, to gain a better understanding of the socialecological system in a spatial context. This also helps to
identify problems, values and opportunities in relation
to previously stated design objective. The site analysis
included an overlay of thematic maps and several site
visits to the area (Appendix B).
The boundary of the residential red zone is clearly defined.
However, it was based on the severety of land and property
damage after the earthquakes without considering other
landscape characteristics. Spatially, the area strongly
relates to and interacts with its surroundings. Therefore,
to come to an integrated design for the Avon-Ōtākaro red
zone, the analysis incorporates both the red-zoned land
and the surrounding city.

4.4.1 WATER
The Avon-Ōtākaro river originates from several springfed streams in northwest Christchurch (CCC, 2016). The
Avon, Waimairi and Wairarapa streams join west of Hagley
Park, creating the mainstem of the river, which meanders
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Figure 33. Avon-Ōtākaro river catchment

eastwards through the city and discharges into the AvonHeathcote Estuary (figure 33). The main tributaries of the
river are Dudley Creek, St Albans Creek, Shirley Stream
and Horseshoe Lake. Since European settlement, most
natural streams have been dampened or replaced by
engineered channels and drains (figure 34). Urbanization
of the Avon-Ōtākaro river floodplain has negatively
impacted water quality in the river, due to contaminated
stormwater runoff (CCC, 2016). Furthermore, increased
surface imperviousness and drainage of wetlands has
increased the quantity of stormwater runoff, exacerbating
flood management issues (CCC, 1997). To prevent fluvial
flooding, stopbanks were implemented along most of the
lower reaches.
When following the river from the CBD through the
eastern suburbs to the beginning of the estuary, the river
changes in character. From Hagley Park up to Fitzgeral Ave,
the river is relatively shallow and narrow (figure 35). After
that, the river slightly widens and forms two characteristic
loops cutting through Richmond and Avondale. At the
Avon Rowing club, the river is straightened and widened
to increase channel capacity (figure 36). Up to the inlet
of Horseshoe Lake, the river is tidally influenced and
therefore also experiences saline conditions. Towards
the estuary, the river becomes wider and more dynamic
(figure 37).

The river plays an important role in ecosystem functioning
and stormwater drainge. Furthermore, the river is culturally
meaningful for both European and Maori ancestors.
However, many values have been lost due to urbanization
and flood-control measures. The red zone area provides
the opportunity to restore natural floodplain conditions
and strengthen social and ecological values.
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4.4.2 SOILS

36
35

Water network

The interaction of floodplain and coastal processes resulted
in significant heterogeinity of sediments underlying east
Christchurch (Hughes et al., 2015). Figure 38 provides
an overview of the different soil types that can be found
in and around the Avon-Ōtākaro river red zone. Young
sand dunes and old dune ridges can be found along the
coast. In some low-lying places inland, one can find peat,
sands and silt of drained swamps, estuaries and lagoons.
Alluvial sands and overbank silt deposits can be found
along urban waterways. These compact and saturated
soils proved to be particularly prone to liquefaction and
flooding. Although soil conditions are important indicators
of risk, they have been ignored in the past. The red zone
area provides the opportunity to reorganize land uses to
fit place-specific soil conditions. The soil along the river
is quite fertile and therefore suitable for horticulture and
agriculture. However, soil contanimation due to urban and
industrial development need to be taken into account.

Drainage pipes
Stopbanks

Figure 34. Water system

Figure 35. CBD

Figure 36. Avonside

Figure 37. Bexley

Sand - old dunes
Sandy loam - young dunes
Silty loam - wet plains
Silty loam - dry plains
Peat - swamp

4.4.3 ELEVATION
Geophysical processes resulted in significant height
differences between the Avon-Ōtākaro river floodplain and
the surrounding city (figure 39). The coastal dunes towards
the east and dry plains towards the west are elevated up to
12 meter above mean sea level and therefore less prone to
flooding (Murray, 2010). Along urban waterways, in places
of previous wetlands and swamps, the land is relatively
low-lying. Due to earthquake-induced subsidence, some
areas are now almost 2 meter below mean sea level. In
case of high tides, these lands are easily flooded. There
are several areas outside of the currently defined red
zone area, that might be at risk of flooding in the future,
depending on sea level changes. In the future, elevations
can be used as an indicator for different types of land use.

Figure 38. Soil types (based on Landcare Research, 2020)

Figure 39. Elevations (based on Murray, 2010)
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4.4.4 GREEN SPACES
After almost a decade of clean up, the 630 hectares
of red zoned land has become predominantly green.
Parcels, previously occupied by houses, are overgrown
with grass. A variety of trees and shrubs from red zoned
gardens are scattered throughout the landscape. The
land is well maintained by the government, resulting in
a garden-like character (figure 40). However, some lowlying areas already show a more natural character (figure
41). The red zone area is largely unused, except for smallscale recreation and community initiatives, such as the
Richmond Community Garden (figure 42, 43). The river is
used for rowing and kayaking, and in several locations for
fishing and other mahinga kai activities (figure 44, 45).
The red zone area connects to several important existing
green structures (figure 46). In the west, the red zone
connects to the Avon River Precinct, a waterfront
promenade following the Avon-Ōtākaro river through the
city centre up to Hagley Park. In the north around Burwood,
the area adjoins Travis Wetland, one of the few remaining
freshwater wetlands in Christchurch. In the southeast,
the red zone area connects to green spaces along the
estuary and coast. Furthermore, a variety of green spaces
is scattered throughout east Christchurch, including nature
reserves, parks, sport areas and cemeteries. The red zone
area provides the opportunity to create an interconnected
network of urban green spaces.
The original site of Christchurch consisted of a mosaic
of floodplain and coastal ecosystems, strongly related
to soil and hydrological conditions. Figure 47 shows the
indigenous ecosystems that could be found in the the
Avon-Ōtākaro river area before European settlement. Due
to urbanization and the introduction of exotic species,
most of these native ecosystems have disappeared.
Several locations of signifcant ecological value remain,
including Travis Wetland (figure 48), Anzac Drive Reserve,
Horseshoe Lake, Bexley Wetland (figure 49), and several
smaller reserves along the river and estuary. There is a
huge opportunity to restore native ecosystems, such as
kahikatea swamp forest (figure 50).

Figure 40. Avondale

Figure 41. New Brighton

Figure 43. Richmond

Figure 44. Rowing

Figure 42. Cycling

Figure 45. Whitebaiting

Figure 46. Green structures

Ecosystems
Akeake - Old dune
Pingao - Young dune
Oioi - Eastuarine
Pukio - Peat plains
Kahikatea - Older wet plains
Totara - Older wet plains
Houhere - Mid-age dry plains

Figure 47. Ecosystems (based on Lucas, n.d.)

4.4.5 BUILT ENVIRONMENT
The eastern suburbs are subdevided into different
neighbourhoods (figure 51). Most of these
neighbourhoods are monofunctional residential suburbs
with a homogeneous character, consisting of detached
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Figure 48. Travis Wetland

Figure 49. Bexley Figure 50. Riccarton Bush

houses with private gardens (figure 53, 53, 54). Industrial
areas are concentrated around Bromley. Furthermore,
outside the CBD, the most important commercial centers
are the Palms, Eastgate and Brighton malls. Within the red
zone area, remnants of previous neighbourhoods provide
the opportunity to strengthen place identity (figure 55, 56,
57).

North New Brighton
Burwood

Shirley
Mairehau

New Brighton
The Palms Mall
Avondale

Wainoni

4.4.6 INFRASTRUCTURE

Some roads are still in full service, as they have an
important function within the existing mobility network
of the city (Regenerate Christchurch, 2017) (figure 61).
Several important connectors between surrounding
neighbourhoods are Fitzgeral Ave, Stanmore Rd, Gayhurst
Rd, Bassett St, Pages Rd and Bridge Street. Furthermore,
State Highway 74 functions as the main route between
Lyttelton and northeast Christchurch. It forms a prominent
landscape feature that marks the bourder of the red zone
along most of the eastern parts until it crosses the river
at New Brighton Rd. Within the red zone, there are seven
locations where a bridge crosses the river. Furthermore,
flood-control infrastructure, such as stopbanks and
drainage pipes, still plays a role within the current water
management system. Future designs must consider current
infrastructure and carefully weigh options to maintain
functionality, but also improve resilience in relation to
future threats.
The roads and signs provide a direct physical link with the
past and offer opportunities to create a sense of place and
memory. Furthermore, they could perform temporary
or permanent functions, that would need a hard surface
area. Even without the physical remnants, the layout of
the road system can be used as a framework for future
connections within the green corridor, as they already fit
within the surrounding urban fabric.

Aranui
Bexley

Richmond

Due to liquefaction, infrastructure within the red zone
area was badly damaged. After the clean up, the roads and
street signs of the old neighbourhoods remained in place
(figure 58). Most roads are closed off and out of use, marked
by an unwelcoming sign saying ''authorized vehicles only''
(figure 59). They are however used for maintainance and
recreational purposes, as they are accessible for cyclists
and pedestrians. To support recreation a mixed-use
riverside trail, Te Ara Ōtākaro, was set up along the river
from the city center to New Brighton beach (figure 60).

Brighton Mall

Dallington

Edgeware

Avonside
Linwood

CBD

Bromley

Eastgate mall

South New Brighton

Figure 51. Neighbourhoods

Figure 52. Housing

Figure 53. Streets

Figure 54. New Brighton

Figure 55. School sign Figure 56. Street signs Figure 57. Tree hut

Figure 58. Burwood

Figure 59. No access

Figure 60. Ōtākaro trail

SH 74
Roads in full service
Roads in service reduced
Out of service
State Highway 74
Bridge

SH 74

Figure 61. Infrastructure
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SOCIAL CONTEXT

INTRODUCTION
This chapter focuses on the social context of the red zone
area. Section 5.1 introduces the concept designs and
interviewees. The subsequent sections (5.2-5.7) each
explain the different concept designs and feedback. Lastly,
section 5.8 sums up the main conclusions that provide
input for the design.
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5.1 INTRODUCTION

The previous chapter shortly illustrated the complicated
social context of the red zone area. The top-down decision
of the government to red zone 630 hectares of residential
neighbourhoods and the emotional process that followed
of people having to leave their home, has complicated the
decision process on future developments. Although the
land is Crown-owned and the government has final say in
what happens, there are numerous local community groups
and stakeholders that have expressed their aspirations for
the area. Engaging with these people during the design
process is essential in building social-ecological resilience
(Lister, 2007). To gain better insight in the social context,
six semi-structured interviews were conducted with local
experts and stakeholders, in which they were asked to
provide feedback on six conceptual designs.

5.1.1 CONCEPT DESIGNS
In developing a large-scale design strategy, the first idea is
rarely the right one (Etteger, 2017). Therefore, an important
step in the design process is to explore alternative design
solutions (figure 62). Subsequently, by reflecting on
them, different ideas can be selected or merged into one
idea, enhancing the quality of the final plan. In this case
study design, the main objective is to enhance socialecological resilience of the Avon-Ōtākaro river system to
future shocks and stresses. An exploration of alternative
pathways for building resilience in the Avon-Ōtākaro river
red zone resulted in the following conceptual designs.

Concept 1 – The New City
Concept 2 – The Park
Concept 3 – Maori Wetlands
Concept 4 – Urban Nature
Concept 5 – The Big Garden
Concept 6 – The Energetic City
Each design focuses on a specific theme, respectively urban
development, park structures, wetland buffers, ecological
corridors, food networks and energy landscapes. They
share a common goal in restoring floodplain dynamics,
integrating human and natural systems, and enhancing
urban quality of life. However, they focus on different
aspects of social-ecological resilience and depict different
human-nature interactions. In concept 1 and 6, the river
landscape functions as a vehicle for innovative projects
focusing on learning and adaptive capacity of social
systems. Concept 2 and 5, focus on the quality of the
river landscape and the ecosystem services it provides
for cultural purposes. Concept 3 and 4 focuses on the
ecological functioning of the river system itself and the
self-organizing capacity of natural systems.
The concepts are not meant as final designs, but rather
a way to broaden the view of participants and serve as
input for a discussion (Garde, 2013). During the interviews,
the designs were presented on A3 sheets with a short
description, concept map and reference images (figure
63). The sheets can be found in Appendix C. The feedback
provided by the six interviewees on the basis of these
concept designs provides further insight in positive and

THE PARK
The Avon River zone will be the new city park of Christchurch. An
extensive network of pathways for walking, cycling, mountainbiking
and skating. Good connections with other recreational areas within
the city. Different kinds of park spaces give the opportunity for a
wide variation of recreational activities, like leisure sports and
events. Making use of existing vegetation from previous gardens
and adding new plants where necessary. The park should be able
to handle increased water levels at times. Important routes and
constructions should be available at all times, other places could
be more temporal of use.
This model focusses on improving recreational networks and
creating a variety of recreational activities. It builts from what is already
there. Therefore there is no need for major landscape changes,
which saves money. Furthermore, the park can be implemented in
different steps. It improves quality of life in the eastern suburbs and
provides economic opportunities in that part of the city.
Connection and improvement existing recreation routs: avonotakaro trail and 360 degrees trail

Red Zone existing vegetation - Christchurch

Figure 62. Sketching models
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Green network - Hamburg

Figure 63. A3 sheet interview example

Tempelhof - Berlin

negative attitudes towards future pathways, which can be
used as input for developing site-specific design guidelines
for the Avon-Ōtākaro river red zone. This chapter explains
each concept design in more detail and provides a
summary and conclusion of the interview feedback. The
full transcripts are added to the report as a seperate
document (Buitenwerf, 2019; Interview transcripts).

Evan Smith and Teoti Jardin
Avon-Ōtākaro Network
Ngāi Tahu

The Avon-Ōtākaro Network is a network of individuals
and organizations, representing the needs of local
communities. Evan Smith is the spokesperson of the
organization and has also been red zoned himself. Teoti
Jardin is a representative of Ngāi Tahu, the local iwi tribe
of the South Island, and works with Evan Smith and Lincoln
University.

Jacky Bowring
Landscape Architect
Lincoln University
Jacky Bowring is a landscape architect and teacher at
Lincoln University. She specialized in landscape memory
and memorials. Besides educational activities, she was also
involved in the development of the earthquake memorial
in the Central Business District.

Colin Meurk
Urban ecologist
Landcare Research

Colin Meurk is an urban ecologist, committed to the
regeneration of native species in New Zealand's urban
environments. He works at Landcare Research on a
voluntary basis.

5.1.2 INTERVIEWEES
On the basis of a purposive sampling design, seven
interviewees were selected to conduct an interview with.
The aim was to create a mix of academics, government
representatives and local community members to gain
novel insights from different perspectives. Evan Smith
and Teoti Jardin were interviewed as a pair, resulting in six
different interviews.

Hugh Nicholson
Regenerate Christchurch

Regenerate Christchurch is a government agency,
established after the earthquakes to lead the city from
recovery to regeneration. They are working on multiple
regeneration projects, including the red zone. Hugh
Nicholson is part of the urban design team for the AvonŌtākaro River Corridor.

Katy McRae
Regenerate Christchurch

A sub-organization of Regenerate Christchurch is the
Coastal Futures project for Southshore and South New
Brighton. Katy McRae is part of the communication team
that is setting up a platform to discuss the future of the
coastal zone with local communities.

Simon Swaffield
Landscape Architect
Lincoln University

Simon Swaffield is a well-known landscape architect,
specialized in research and design methods in landscape
architecture. He works at Lincoln University as a thesis
supervisor on a voluntary basis.
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5.2 THE NEW CITY
5.2.1 CONCEPT DESIGN
densification

densification
experiments

experiments

experiments

temporary housing

planned retreat

planned retreat

Left: Figure 64. Concept map The New City
Right: Figure 65. Re:START Christchurch; Figure 66. Tiny House Christchruch; Figure 67. Floating houses Lelystad

This concept challenges conventional urban planning
and imagines a new way of living within a hazard
prone environment. The red zone area functions as an
experimental testing ground for new forms of urban
design and architecture, such as modular, adaptive and
temporary structures. Developments are integrated
with natural systems, allowing regular disturbances
that each time create opportunities for learning and
adaptation. Successful experiments might expand, while
others are temporary or lead to permanent retreat. The
transformation towards ecosystem-based and adaptive
urbanization, also requires rethinking existing land
use patterns outside the red zone area. For example,
exploring possibilities for densification of highly elevated
areas and strategic retreat in low-elevation zones. This
design generates considerable economic opportunities
and increases the quality of life in east Christchurch.
Furthermore, it provides valuable insights for other coastal
cities dealing with climate change.
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5.2.2 FEEDBACK
Evan Smith and Teoti Jardin
The Avon-Ōtākaro Network and Ngāi Tahu
There is not much support for rebuilding here. ‘’The appetite for this, even resilient housing,
is low’’ (E). ‘’There is no large appetite to rebuild here.’’ (E) Mainly because of resistance
from the communities, because of what they’ve been through. They feel it’s unfair that others
could live there, while they had no choice. ‘’They didn’t have a choice to live there, so why
should others?’’ (E)
There might be some support for small-scale experimentation on the edges. ‘’There is some
appetite to do a wee bit of experimentation, but on the margins and try to be minimal.’’ (E)
‘’Where you’ve got opportunities to make community that has been cut in half, whole again’’
(E)
The red zone offers opportunities to experiment with different forms of housing constructions.
‘’Not only does it have to be resilient to flooding, it also has to be resilient to lateral spread and
seismic shock and liquefaction.’’ (E) Furthermore, alternative constructions should prevent
contaminant run-off. ‘’we need to, not only have light roofs, but also have ones that aren’t
going to contaminate our waterways’’ (E)
Substantial doubt about rebuilding in this place. ‘’If you’ve already retreated from the land,
why go through it again?’’ (E) Suggests focusing on green space in urban areas that will be at
risk in the future. ‘’Why not look at where you might have to retreat from in the future and do
that experimenting there, which is on the fringes of the red zone usually.’’ (E)
Urban sprawl is an issue New Zealand as a whole needs to deal with. Building more densely
requires a change in mind set. ‘’We are too much into seeing our house as our bank as well.
That’s where we put our money. There is a need to review all those things and where we put
our equity in land and stuff.’’ (E) ‘’I think this community will take a long time to do that and
will need to be convinced that there is value in that.’’ (E)
‘’Opportunities for exploring new adaptive, relocatable housing models do exist, however
there is no demand for new housing on this scale in Christchurch at present and even if there
was, there are better more valuable uses for most of the land.'' (E) ''It is more important to give
the river back its floodplain than repeat the mistakes of previous generations by rebuilding
there.’’ (E) (survey)
Jacky Bowring
Landscape Architect Lincoln University
Positive about exploring new housing options. ‘’yes, it would be great to explore other housing
options, because some people really want to live in this kind of area. Whether it’s people who
want to go home, cause that’s where they’re from, or people who are interested in trying
some more radical housing models.’’ (J)
However, it should be implemented step by step, constantly testing if it works or not, and not
on a massive scale. ‘’it’s the temporal thing again, because say, you do it on a small scale and
it’s fantastic, then you could expand. So, it’s like tactical urbanism.’’ (J). You have to adapt to
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changing circumstances. ‘’Cause everything is a complex system. So, if you intervene in some
way, with housing for example, it might have some quite unexpected consequences.’’ (J)
Expresses concern for engineering approach and band-aid solutions proposed by the
government, like remediating the soil or a stabilizing wall along the river. ‘’So, the engineering
approach basically. You know, we can engineer our way out of it, rather than retreating’’ (J)
Temporary, movable houses could be an option. ‘’So, you could actually tow it away on the
back of your car if you had to. So, there is quite a bit of this going on.’’
Colin Meurk
Urban Ecologist Landscare Research
Not very enthusiastic about the combination of an eco-sanctuary and housing, but open for
experimenting with urban development in other places. ‘’my only constraint on that, would be
that, not in the sanctuary area. Because we need the maximum area for that.’’ (C)
Advocates adjustable and mobile housing. ‘’I think some of that is fine. And certainly, any
buildings that are constructed need to be mobile and able to be moved.’’
Conflict between housing and forest areas. ‘’the problem is, that the areas that are best suited
for these sorts of developments are also best suited for forest. And that’s the thing what we’re
going to have a shortage of.’’ (C) As both these functions require the highest ground and the
longest time frame before they get inundated.
Possibilities for long- and short-term housing development and experimentation with new
forms of housing. ‘’there is lots of other spaces and, as you’ve shown, where you could have
longer and shorter term housing development, that will fit in amongst park land and provide
temporary and novel kind of forms of housing. Floating houses, if it’s viable.’’ (C)
Hugh Nicholson
Urban Design Regenerate Christchurch (Avon-Ōtākaro Corridor)
Enthusiastic about the idea of experimenting with new forms of housing. ‘’that’s a really good
idea.’’ (H)
Regenerate Christchurch has explored the idea of urban development. ‘’we did actually start,
not with this, but with that idea, that maybe we’d do lots. But then we thought, well, maybe
we just do the trial. We work out how do you make it work and what do we need to do. And
then, if it works, you make it bigger.’’ (H). The purpose of test sites is to identify the problems
concerning living here at the moment and showcase options to people. ‘’That’s what we think
the trial is about, is to identify, what’s the problem.’’ (H). ‘’if we could do something like this
and people would say, ah actually that is quite cool. That’s quite a nice place to live.’’
There might be around forty or fifty movable houses already. ‘’we’ve got some of those, not
so much temporary, but movable stuff. Houses you can pick up and move it somewhere else.’’
(H). ‘’There might be forty or fifty houses like this, but not a whole subdivision.’’
Questions the housing pattern that is drawn in the model. Regenerate Christchurch proposes
clusters, instead of spreading them out. ‘’we felt that these should be in clusters.’’ (H). ‘’why
wouldn’t you kind of pull them together as a, like a little neighbourhood.’’
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There is an opportunity to experiment with different forms of housing in different areas,
as many areas could be suitable for housing if they can adjust to changing circumstances.
‘’One somewhere up here and then floating houses over here. So, fully floating over here
and another amphibious one in that kind of oxbow there as well.’’ (H) Some areas could be
stormwater wetlands with amphibious housing. ‘’it won’t be flooded all the time, but when it
floods, the houses kind of lift, float a part of the time.’’ (H)
Katy McRae
Communication Regenerate Christchurch (Coastal Futures)
According to the feedback from the exhibition, the idea of housing is very unpopular amongst
inhabitants. ‘’building back on this area is very unpopular.’’ (K) Could be because they can’t
imagine what new housing would look like and they aren’t challenged enough to do that.
‘’they aren’t challenged enough about what future housing could look like.’’ (K). ‘’When they
were asked, you know, would you be ok with residential? They dismissed it without thinking
fully about, you know, it wouldn’t be like houses were before.’’ (K)
Positive about the reference images, experimenting with new forms of housing. ‘’but then the
idea that we could have areas like this. This sort of thing here and here. Importantly here. This
is good stuff for one.’’ (K)
Focus on existing urban areas and what those are going to look like in the future. ‘’future
of Southshore South New Brighton. Cause that area is still residential and they need to be
starting to think like this.’’ (K). ‘’But for there to be a community in the future, what is the
housing stock going to look like? And it’s not going to be what it is now.’’
If they were to build houses in the red zone, only on small-scale. ‘’No, way too much kick back.
So, it’s very small, small scale, experimental opportunities. Not a full brush.’’ (K)
Simon Swaffield
Landscape Architect Lincoln University
Positive about housing scenario, as long as it is about living on a dynamic water edge within
a modest environment. ‘’I think that’s a very, you know, that’s an entirely plausible scenario.’’
The question is, what kind of experiments could be useful in this place. ‘’What sort of
experiments can we learn something from in this place?’’ (S). ‘’What is it about this place that
is useful as an experimental site?’’ (S)
Important to think about housing experiments that would fit in this kind of environment, a
medium sized city in New Zealand with limited resources. ‘’Well, the issue here is, so what do
you do in a sort of environment, in a city where you don’t have a lot of rich people and it’s
not on the edge of a huge big city? You know, what are, what sort of new ways of living can
you do, which are modestly in terms of their resources?’’ (S) Main point is to think about new
ways of living in an ordinary community in New Zealand. ‘’I think the issue there is to say, well,
experimenting with new ways of living in New Zealand. New ways of living in, you know, an
everyday community, an ordinary community.’’ (S)
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5.2.3 CONCLUSIONS
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1

Resistance from community
Rebuilding within the red zone is clearly a sensitive subject, mainly because the community
feels it's unfair and unwise for others to live there, while they were forced to leave their
homes. Some stakeholders are therefore not overly enthousiastic about the model.

2

Valuable living environment
However, some also acknowledge the value of the red zone as a place for living. The green
environment and waterways provide a high quality of life.

3

Small-scale experimentation
All stakeholders agree that there are opportunities for small-scale experimentation with new
housing forms. Test sites can be used to identify problems, explore new ways of living and
showcase possibilities to people. Mentioned examples are temporary, mobile, amphibious
and floating houses.

4

Urban development
There is no demand for the scale of urban development as drawn in the model at the moment.
Successful experiments can be expanded over time, but this should be a continuous process
of testing and adapting to changing circumstances. Carefully think about which sites are most
suitable, as housing might conflict with other land uses, like forest areas. Consider the future
of existing urban areas at risk.

5

Everyday communities
Experiments and housing developments should fit within the modest environment of
Christchurch, which has limited resources. Developments should provide a sense of community
and not be spread out.

6

Engineering approach
Be careful not to repeat the mistakes of the past by finding engineering solutions to rebuild
again, like remediating soils and stabilizing walls. Consider the need to retreat.

5.3 THE PARK
5.3.1 CONCEPT DESIGN
passive recreation

cycling route

green routes

active recreation
active recreation

city to sea
green routes

city to sea

Left: Figure 68. Concept map The Park
Right: Figure 69. Tempelhof Berlin; Figure 70. Huangpu River park; Figure 71. Rowing on the Avon-Ōtākaro river.

This concept focuses on creating a robust network of
urban green spaces, in which the red zone area functions
as a central spine following the river from city to sea. The
red zone itself becomes a multi-functional city park that
provides a wide variety of recreational activities, in which
the river plays a central role. The park can accommodate
floods in low-lying green spaces along the river. Building on
existing landscape features, such as vegetation and streets
from previous neighbourhoods, the park can gradually
evolve over time through small-scale implementations and
bottom up initiatives. A network of green streets connects
the area with other parks, sport fields, cemeteries and
nature reserves, that are currently scattered throughout
the city. The green structure provides the basis for an
extensive network of cycling and walking routes. This
design creates both ecological and recreation value.
Furthermore, it improves the quality of life in the eastern
suburbs and creates economic opportunities.
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5.3.2 FEEDBACK
Evan Smith and Teoti Jardin
The Avon-Ōtākaro Network and Ngāi Tahu
Positive reaction. ‘’I like that.’’ (T). ‘’I like those concepts.’’ (E)
Relates to existing ideas, that they have come up with already, like the Green Spine idea. The
model provides space for projects like the Eden Project, it could be like a living laboratory.
They have looked a lot at trails connecting green spaces. It’s one of the things on EvoSpace.
Improving connectivity and accessibility can be tricky, because of existing land use functions
that won’t allow multi-functional use. ‘’it’s about negotiating pathways.’’ (E). Connecting to
Travis Wetland is tricky, as they won’t allow bikes and dogs, because of disturbance to wildlife.
Going through golf courses and crossing motorways also provides a challenge.
The model also makes ecological sense. ‘’cause if we can have a green corridor, then birds and
plants can migrate along them.’’ (E). There is no need for wide corridors, as small corridors
could already be useful, like the railway corridors in London. ‘’they’re wide enough for birds
and animals to use and to connect between patches.’’ (E).
‘’A viable foundational model upon which to build. Depends on final location of stopbanks.’’
(E) (survey)
Jacky Bowring
Landscape Architect Lincoln University
Imagines that it is less costly than other projects. ‘’It doesn’t require experts to implement it.
It’s not highly technical, apart from sports fields and things like that.’’ (J)
Because it’s not highly technical, probably a lot could be done by the community itself, which
has an advantage. ‘’It’s that classic thing, you know, once you’re invested in it, that you care
about it.’’ (J).
People that used to live in the red zone could be involved in the process, as a way of keeping
that connection with the past. ''people, that did use to live there, you know, whether they
would be interested or willing to come back and be involved in some way. You know, at their
old property or their old neighbourhood.'' (J)
Colin Meurk
Urban Ecologist Landscare Research
From the point of view of an urban ecologist with aspirations for an eco-sanctuary, a model
focusing on recreation doesn’t entirely fit within his vision. ‘’my view would be that, that
obviously doesn’t meet the particular aspirations, that I have for one particular part of it.’’ (C)
‘’A lot of emphasis on recreation is incompatible with the notion of a sanctuary.’’ (C)
He argues that recreation networks could still be continuous in his vision and passive recreation
would be possible to some extent. ‘’the point is that it wouldn’t interfere with people being
able to kind of ride, bike, run past or go into it and continuing recreation. But obviously it’s
passive recreation as opposed to sports fields or something like that.’’ (C)
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Imagines that the red zone could be continuous park land, as forest areas don’t need to be
continuous to provide steppingstones for flighted wildlife. ‘’it would be, you know, continuous
park land. There’d be trees scattered all the way through, which would be sufficient for most
flighted wildlife to kid of move from one to another.’’ (C)
Not very enthusiastic about sport facilities, as there are already a lot of them. ‘’I don’t know
that we got a great shortage of sports fields or facilities in the city. I’m not aware that we do.’’
(C) ‘’and then there might be, you know, 5% of more intensive kind of sports’’ (C)
Hugh Nicholson
Urban Design Regenerate Christchurch
Positive about a network of open spaces. ‘’I think that’s great.’’ (H). ‘’I agree, and it is an
amazing network of open space isn’t it?’’ (H)
Connections with surrounding areas are important, although Regenerate Christchurch can’t
plan anything outside of the red zone. ‘’one of the difficulties is we’ve got this, we’ve got
a, what is known as the regeneration area. So, it’s a bit of land. We can’t plan for anything
outside that. So in a way, the plans we show just deal with what’s in the area.’’ (H)
Include human networks in the model, by connecting important places and routes in
surrounding neighbourhoods to the Park. For example, the city centre and shopping malls,
like the Palms. ‘’It’s almost like, that you want the people, the centres of people, to kind of
feed into these areas too. ‘’The places where lots of people are, cause you want to tie them
into the same network. Make it easy for them to get from those places’’ (H)
Katy McRae
Communication Regenerate Christchurch
Positive about the recreation networks but convinced that the area could mean more than
that. ‘’recreation is also very nice, but it can do so much more’’ (K). Think about what the area
could mean for the rest of the city.
According to the feedback from the exhibition, the idea of green spaces and recreation
networks is very popular amongst inhabitants. ‘’everyone wants this. Everyone wants the
parks and the paths, and that came through really strong. Everyone wants to be able to bike
and cycle, you know, to run, to walk or that kind of carry on. So, feedback wise, yeah.’’ (K)
Simon Swaffield
Landscape Architect Lincoln University
Positive about the green network. ‘’And I think, the green network one is the important one.’’
(S)
Frustrated that Christchurch doesn’t have a green infrastructure plan at the moment. ‘’And a
frustrating thing here is, that none of the natural environmental policies recovery plan, didn’t
have a spatial component to it. There was huge resistance to having a green infrastructure
plan.’’ (S). The reason for this is political. ‘’partly because the minister in charge at the time
wanted nothing to do with anything green, but it’s also because it was too strategic.’’
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Think about the strategic role a park could have in the context of the city. ‘’the key thing here
is to say, well, a park. What strategic role could a park have here?’’ (S). ‘’That’s what makes it
interesting and different.’’ (S) ‘’What strategic benefits can we generate?’’ (S). For example,
making connections to Travis Wetland and other areas. ‘’There is all sorts of connections you
could make, which you starting to do.’’ (S)
Connect existing spaces to realize value. ‘’What it does it, exactly, realizes value by making
connections between existing things.’’ (S)

5.3.3 CONCLUSIONS
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1

Green network
The idea of a network of green spaces is perceived well by different stakeholders, including
the communities themselves. Improving connectivity and accessibility of green space creates
recreational and ecological value for the city. However, this can be a challenging task, because
of existing land use functions, like sport and nature areas. Recovery policies are now lacking a
spatial component, so a green infrastructure plan might be valuable for the city.

2

Park space
The park space itself provides opportunities for a diversity of land uses and innovative projects,
such as the Eden Project. However, it is important to think about the strategic role the Park
could have and what it could mean for the rest of the city, besides recreation. Realize value by
connecting to existing green spaces.

3

Community involvement
As the model is not highly technical, involving local communities could be a great way to
create a sense of place and increase care for the environment. Including former residents can
help keep that connection with the past and honour the memories and character of the place.
Community-based projects are also less costly.

4

Social networks
Integrate social networks into the park environment by connecting to important places and
routes within the surrounding neighbourhoods.

5

Ecological networks
Note that connectivity and accessibility of green spaces might improve habitats of some
species, but can actually be in conflict with restoring native biodiversity.

5.4 MAORI WETLANDS
5.4.1 CONCEPT DESIGN

nature reserve
mahinga kai
natural filter

green buffer

green buffer

green buffer

route network
natural filter

mahinga kai

Left: Figure 72. Concept map Maori Wetlands
Right: Figure 73. Bridge Reserve Christchurch; Figure 74. Qunli Wetland Park Haerbin; Figure 75. Mahinga Kai Anzac Creek Christchurch

This concept focuses on recreating wetland ecosystems
that used to dominate the Christchurch area before
European settlement, as a natural response to sea level
rise. As stopbanks are removed, the river floodplain regains
its dynamic character, allowing fluctuating water levels
within the red zone area. The wetlands function as natural
buffers by absorbing excess water and improve water
quality by filtering urban runoff water before entering the
river. Furthermore, they support biodiversity by providing
suitable habitats for aquatic plant and animal species. A
diversity of habitats can be found along the river, such as
marshes, swamps and wetland forests. Connected with
Travis Wetland and the estuary marshes, this network of
urban wetlands creates a safe and healthy urban living
environment. As a traditional food-gathering place for
Maori, the wetlands also perform an important cultural
function in providing opportunities for Mahinga Kai.
Furthermore, the area is accessible through an extensive
network of paths and provides a variety of recreational
activities.
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5.4.2 FEEDBACK
Evan Smith and Teoti Jardin
The Avon-Ōtākaro Network and Ngāi Tahu
Very positive reaction from Teoti Jardin. ‘’I immediately go yes, this is what I want.’’ (T) ‘’I
mean, that principle is great. That’s how we see it happening as well.’’ (E)
Reminds Teoti, who is a Maori himself, of what it must have been like for the Maori, that lived
in this area before European settlement. ‘’this reminds me of what it must have been like for
my tupuna, for my ancestors.’’ (T)
Rethink the shape and location of the water system as drawn in the model. There is still need
to contain some of the water by stopbanks and some of these patches of open water would
create flood problems. ''the stopbanks here will probably move back, but, ehm, wouldn't
allow free patches of water like that.'' (E)
A lot of people don’t see wetlands as attractive or economic valuable. ‘’This tends to be,
for a lot of the population, underwhelming. They don’t see this as having enormous visitor
attractive, attraction value or economic value.’’ (E). Evan is convinced that it could be attractive
and valuable. ‘’But you can do stuff that has still attraction value and wow factor, as well as
those, and make it compatible’’ (E)
‘’A very viable option and valuable for stormwater remediation, improved river water quality
and enhanced biodiversity and Mahinga Kai. Depends on final location of stopbanks.’’ (E)
(survey)
Jacky Bowring
Landscape Architect Lincoln University
Positive about the model, but urges to make it more interesting, rather than just restoring
wetlands. ‘’the wetland is kind of, well, it’s a classic I suppose. Green-blue infrastructure.
So, it’s part of the city’s infrastructural system, which should be the thing that has to be
appreciated by everyone, rather than just turn it into a wetland.’’ (J)
Questions if the borders of the red zone should determine the location of the wetlands,
because the border is based on cultural patterns, not natural patterns. ‘’I suppose a question
for you in a design like that. … is that the right area? Or should it be more, or should it be
less?’’ (J). ‘’So, you get this, like, really interesting jagged patterns, which is actually a cultural
pattern, not a natural pattern.’’ (J)
Think on a larger scale in space and time. What could be the meaning of a wetlands system
for the rest of the city? ‘’So, if you are talking about restoring wetlands, what would happen
if you did that in a very rigorous way? And just suggest, well, possibly all of these people
also should leave. If we’re being really careful about how this might behave as a big sponge
or big whatever it is, in terms of ecological function.’’ (J). Opens up the discussion about the
future of Christchurch in the face of climate change. Possibly combine the wetlands model
with strategic retreat of Christchurch towards dry land. ‘’maybe its change over time is, that it
will keep moving out and maybe every twenty years it’s getting bigger. … Until Christchurch is
kind of way upon the dry land over here and we have actually separated it from the ocean by
57

a huge wetland system, which is probably quite sensible.’’ (J)
In order to do that, there is a need to raise awareness on the speed of change and alter
mindsets in relation to land ownership. ‘’if you feel like, this is my piece of land and I own
it forever, because I paid for it. But someone is coming to tell you that in twenty years it
won’t be here anymore, it will be under water. How do we make that transformation, so that
people have a different relationship with land?’’ (J). Transitioning to more flexible land use and
slowly retreating. ‘’a transition kind of landscape with people slowly retreating back from it or
prepared to exist on those very short term ownership situations’’ (J)
The challenge is to convince people that the model is economically viable. ‘’I guess, the
challenge with the wetland model is to deal with the economic aspect of it.’’ (J). ‘’ So, it’s
kind of like a protection against negative economic things happening, but it’s not actually a
generator for income.’’ (J). It could be a tourist attraction.
The model is compatible with other uses, such as walkways, sport fields and agriculture. ‘’And
that’s one of the challenges, you know, are any of those things incompatible with other things?
Not really.’’ (J). It’s about considering what might be the best land use for each location, also in
terms of access. ‘’it’s kind of like tuning it carefully to what’s going on there.’’ (J)
Colin Meurk
Urban Ecologist Landscare Research
Quite positive about wetlands, but probably not to this extend. ‘’Well, again, I think some of
it can be.’’ (C). ‘’I don’t have any problem with a lot of this. … probably not as big an area as
shown there, but quite a lot of that area there would revert to wetland or is already kind of
low lying anyway.’’ (C).
Good for wetland wildlife. Predator control in the oxidation ponds has already greatly
increased the wetland birds. There are some birds that can deal with the current predator
load, but there will still be some species that need a higher level of protection. ‘’more of that
is fine, but there will be certain species, which need a higher level of protection.’’ (C)
Preserve high dry areas for other land uses than wetland systems. ‘’I would be endeavouring
to preserve as big a dry area as possible here, because there is not so much in the Travis side of
things. So, we need a big block here and also there is a triangle of land there on a park, which
is on a high dry area as well, and that should be incorporated.’’ (C)
Not only open wetlands, but a mosaic of different landscapes. ‘’I see this as a mosaic, really. You
know, that there will be a mix of these open wetlands, stormwater environments, floodplains,
but with forest’’ (C)
Hugh Nicholson
Urban Design Regenerate Christchurch
Regenerate Christchurch partnered with Ngāi Tahu, the local Iwi tribe that lived here preEuropean time. The concept of Mahinga Kai has become a fundamental aspect of the plans
they’re making. It focuses on people living with the environment in balanced relationship.
‘’This is a nice thing, I think, about Mahinga Kai, is that it’s about people living with the
environment.’’ (H). ‘’it’s more about how you live with the land, so that you look after it and
then you can gather food. You know, it’s a two way thing.’’ (H)
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This is in contrast with the traditional concept of nature, which separates humans and nature.
‘’I guess in our English concepts of nature, in New Zealand anyway, there is nature. That’s over
there in a national park and people go there and they visit, but they don’t really live there’’
(H). The tension remains between people who want to exclude humans from ecology and
want to integrate the two.
Katy McRae
Communication Regenerate Christchurch
Low-lying areas, mainly around the estuary, are well suited for wetlands. ‘’Because the area
suits some of this better than others. Like, this whole area obviously is. It’s definitely wetlands,
this area. It’s a great area for wetlands. So, there is some logic in that and just letting it revert.’’
(K)
There should be a combination of wetlands and forests, as not everything is suited for wetlands.
‘’I don’t, ehm, that kind of wetlands necessarily suits the entire way up. Well, certainly not at
this point in the history. You know, maybe in the future when we are all suffering from the
rising water table. But at the moment, I think you can probably have both.’’ (K)
Simon Swaffield
Landscape Architect Lincoln University
Positive about this model. ‘’So, I think that’s quite appropriate.’’ (S). Fitting solution in the face
of sea level rise. ‘’In that sense, this is the classic naturalized solution to sea level rise, which
basically says, well, why don’t we just actually wind back to recognizing what this place wants
to be in the first place.’’ (S)
Mahinga Kai is an important element. ‘’you’ve picket up on Mahinga Kai and obviously that’s
something, which is proving to be very strong in fact.’’ (S)
The Maori Wetlands model is more cultural and more lived in, whereas the Urban Nature
model is about biological conservation. ‘’you can sort of see on the one hand is the biological
conservation pathway, which is, if you like, technical. … And the other one is a cultural one.’’
(S). ‘’I think that’s, you’ve picked up on a very important distinction. Whether it’s culturally led
or biologically led.’’ (S)
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5.4.3 CONCLUSION

1

Ecosystem services
Generally positive reactions, as wetlands provide a variation of ecosystem services, like
stormwater remediation, water filtration, biodiversity and cultural value. Furthermore, they
provide a natural solution to sea level rise.

2

Added value
However, many people don't perceive wetlands as having direct economic value and visitor
attraction. Think about how to convince them there is added value in green-blue infrastructure
for long-term sustainability. Wetlands are also compatible with other uses, that can increase
attraction value.

3

Ecosystem-based
Reconsider the shape and location of the wetlands system, by looking more closely how the
water system behaves and what flood protection is needed. The model shows wetlands to the
full extent of the red zone, but which areas are best suited for wetlands should be ecosystembased and not determined by a culturally defined border. The model also lacks a diversity of
ecosystems, like open wetlands, floodplain environments and forest areas.

4

Future of the city
Think about the strategic role of wetland systems for the city on a large scale and over a long
period of time, rather than just restoring wetlands. Could it provide long-term urban resilience
for Christchurch in the face of sea level rise, in combination with strategic retreat? Think about
how such a transition model of urban wetlands will develop over time and what it would
mean for ownership situations.

5

Mahinga Kai
There is a direct connection with Maori culture, as the wetlands that used to dominate the
Christchurch area, were highly valued by Maori for their food and spiritual meaning. Mahinga
Kai is about the balanced relationship between people and the environment, and proved a
strong concept for future plans. It is an opportunity to add cultural value and restore natural
ecosystems.

6

Concept of nature
Important to recognize the tension between Maori concept of nature, which is culturally-led
and the European concept of nature, which focuses on biological conservation and excludes
human activity. Purely from a biodiversity stand point, there might not provide enough
protection for certain native species.
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5.5 URBAN NATURE
5.5.1 CONCEPT DESIGN

eco-passage

wetlands

natural buffer

floodplain forest

predator control

natural buffer
salt marshes
route network

Left: Figure 76. Concept map Urban Nature
Right: Figure 77. Metro-Forest Project Bangkok; Figure 78. Pukeko estuary marshes Christchurch; Figure 79. Riccarton Bush Christchurch

This concept focuses on regenerating native biodiversity
in an urban context through the development of an
ecological corridor in which indigenous species can
thrive. The corridor consists of a diversity of ecosystems
suitable to each specific location along the river, such as
floodplain forests, freshwater wetlands and salt marshes.
Due to competition of exotic species, enhancing native
biodiversity requires a certain level of management and
predator control. Experiments with different management
strategies, such as fencing or natural barriers, will reveal
the best choices for ecological restoration, providing
valuable lessons for other places. Although accessibility
and connectivity of human systems might be reduced in
some areas, an extensive network of walking tracks and
elevated pathways provides the opportunity to experience
and connect with nature. Besides providing ecological and
recreational value, the corridor functions as a green buffer
against disturbances and greatly enhances urban quality
of life.
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5.5.2 FEEDBACK
Evan Smith and Teoti Jardin
The Avon-Ōtākaro Network and Ngāi Tahu
Positive reaction. ‘’A very viable option. Depends on final location of stopbanks.’’ (E) (survey)
Jacky Bowring
Landscape Architect Lincoln University
Positive about restoring native habitats, which can also be a great tourist attraction.
Predator proof areas don’t have to be too expensive and unattractive. Think about fencing
in an efficient way. ‘’if you’ve got a blob, it’s quite cheap to fence, cause you’ve got a bigger
inside area ratio.’’ (J). Think about alternatives to fencing, like natural barriers. ‘’you’ve got
bridges and you’ve also got moats, which is quite an interesting, you know.’’ (J). There are
possibilities for different levels of protection. ‘’I mean, there might be some areas within this,
that are kind of nodes that help to protect some of the very sensitive species. And of course,
some birds can’t fly, so they can’t go anywhere else. … But the birds that can fly, can fly to the
other bits’’ (J)
Think about natural succession from wetlands to forests and its effect on hydrology in the long
term. ‘’the interesting thing about a forest scenario, is what it would do to hydrology as well.
… the natural sort of succession of plants that would happen. Well, you start with swamp land
and other species start coming and eventually it might actually dry the land out.’’ (J)
Hard to say if a native forest would grow without intervening or if it would become something
like an oak forest. But maybe we should see native and exotic species as part of the same
system, as ecology changed so much over millennia. ‘’is this kind of a hybrid. It’s not so pure
as something that’s like a binary condition of exotic-native. Because there is all this change
that’s happening over time.’’ (J)
Colin Meurk
Urban Ecologist Landscare Research
Very positive. ‘’of course, lovely. You know, it’d be what I’d like to see personally. But I’m a
realist and understand that there are other legitimate purposes and desired uses. I’d like to
see more of this and less of others.’’ (C).
Doubts about the costs of the scale of the area. ‘’we can have more and more fenced areas,
but realistically we have a sort of rough estimate of cost for doing this. … just being realistic, I
think that that’s probably not viable.’’ (C)
In other places in New Zealand, these eco-sanctuaries have motivated people to care for
native biodiversity and take action. ‘’this is a function of having created the sanctuaries in
their regions, which has enabled people to become emotionally attached to these iconic
species and has motived them to take the next stage and to provide safe locations outside of
the sanctuaries to receive the halo effect.’’ (C).
It’s important for people to see and experience these places in order to become attached and
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take personal action. ‘’That’s right. Creating that experience. Getting this going is kind of an
important step.’’ (C)
Hugh Nicholson
Urban Design Regenerate Christchurch
Positive about a predator proof sanctuary. ‘’Christchurch is almost the only city in New
Zealand, major city, that doesn’t have a predator proof sanctuary.’’ (H). ‘’I personally think
that’s a big gap.’’ (H)
Not entirely convinced it is possible, as you need quite a large space to create the right habitat.
‘’They’re big areas, because you need that size in order to get a habitat’’ (H). Take Riccarton
Bush, which is maybe 5 hectares. ‘’It’s not that big and it’s kind of like, well, it’s a lot of effort
and you don’t get much benefit. So, you kind of have to think about it in terms of scale. I’m
not an expert in these kinds of things, but that’s what I’m told. You want a big area.’’ (H). ‘’So,
I’m not entirely convinced it’s possible. We haven’t ruled it out, but I’m just, we’re looking at
it.’’ (H).
Furthermore, it’s hard to make wetlands predator free. ‘’Wetlands are tricky, because you’ve
got drains going in and out. Water of course and rats can swim, you know, so actually you find
it’s really hard to predator-proof them completely.’’ (H)
Predator management might be an alternative to fencing. ‘’You might do it through trapping
and poisoning, not fences, and get the same result.’’ (H)
Natural and urban environment are integrated. ‘’But in a way, I think we are not going to go
back to nature. We’ve messed with this so much, you know, and we’ve got all the stormwater
wetlands and we’ve got infrastructure in here. … it’s a natural environment, but it’s shaped by
what we’re doing, by the city.’’ (H)
Think about what is worth spending money on. For example, the wildlife bridge that Colin
Meurk proposes. ‘’They work in the States, because you’ve got big animals that walk across
them. We’ve only got birds. … So, I’m not entirely convinced it’s worth the money.’’ (H).
Rather spend some money on bird watching facilities. ‘’We’ve got internationally endangered
migratory birds. Lots of migratory birds come through here. And I’d rather spend some money
on that, rather than a bridge, which is a white elephant.’’
Katy McRae
Communication Regenerate Christchurch
Enthusiastic about the model, but not to the full extent of the space. ‘’I imagine that, you
know, the idea that we could have some sort of predator free area, where you’re getting back
that wildlife that we want.’’ (K)
Simon Swaffield
Landscape Architect Lincoln University
Positive about addressing predator control. ‘’You’re right about the predator, you’ve picked
up on the predator stuff.’’ (S). The big issue in New Zealand is all about predator control.’’ (S).
The shape of the area poses a challenge in making the area predator free. ‘’this is a really hard
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shape to deal with predators. Like, a huge long boundary with lots of people.’’ (S). So, think
about other ways then fencing to manage predator control. ‘’the issue here is, can you use
water in a way to help manage predator control?’’ (S)
The eco-bridge will help the predators more than the native species. ‘’actually, you’re joining
all these different places together and you’re helping the predators more than you’re helping
the native species.’’ (S)
Think a little bit more about how to deal with predator control in areas like these. ‘’how
could this be an experiment or an exploration of dealing with, you know, how do we manage
predators in these sorts of settings.’’ (S)

5.5.3 CONCLUSIONS

1

Sanctuary
Restoring native habitats and creating predator proof areas is generally perceived well,
especially by urban ecologist Colin Meurk. Christchurch is the only one of the major cities that
doesn't have an eco-sanctuary and this could be an opportunity to provide that experience.
This is also a way of reconnecting people with nature and motivate them to care for the
environment.

2

Predator proof
One of the major environmental issues in New Zealand is predator control. Think about how
to manage this and what area is needed to create the right habitat, especially in a wetland
environment. Connectivity of urban green spaces is not the solution, because it would help
predators more than it would help native species. This area could be a testing ground for the
preservation of native ecology.

3

Natural succession
It would be interesting to see how the area would develop over time without interference.

4

Costs
Realistically, the scale of the protected area as drawn in the model, is not viable. There are
alternatives to make it viable, such as chosing a limited area to protect, creating natural
barriers and predator management. Think about what is worth spending money on in this
particular environment, rather than a wildlife bridge for example.

5

Concept of nature
Is it even possible to create nature in an urban environment and should we even aspire to
do this? Can we still make the distinction between exotic and native species or is it mixed up
anyways.
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5.6 THE BIG GARDEN
5.6.1 CONCEPT DESIGN

food route
mahinga kai

market hub

local food supply
saline agriculture
community gardens

mahinga kai

Left: Figure 80. Concept map The Big Garden
Right: Figure 81. Agro Food Park Aarhus; Figure 82. Michigan Urban Farming Initiative; Figure 83. Richmond Community Garden Christchurch

This concept focuses on integrating sustainable food
landscapes within the urban environment, in which the red
zone area becomes a hub for food-related innovation and
education. Initially used as a seasonal food gathering place
for Maori and later as farmland by early settlers, the river
area provides suitable conditions for different forms of
urban farming. In low-lying areas, test fields provide insight
in dealing with increasing saline influences and fluctuating
water levels. On elevated fertile soils there is space for
orchards and community gardens along the urban edge.
Bottom up initiatives and an extensive recreation network
encourages people to interact with the landscape. Natural
areas along the river function as flood spaces and create
opportunities for Mahinga Kai. The landscape provides
healthy produce for local consumption, distributed in local
market hubs. This system significantly shortens food supply
chains, reduces environmental footprints and enhances
food security for the city.
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5.6.2 FEEDBACK
Evan Smith and Teoti Jardin
The Avon-Ōtākaro Network and Ngāi Tahu
Positive, but think about the soils that are contaminated. ‘’A very viable option – however soils
will need to be decontaminated. Depends on final location of stopbanks.’’ (E) (survey)
Jacky Bowring
Landscape Architect Lincoln University
There hasn’t been a lot of thinking about uses that would be compatible with floodable
landscapes, even agricultural uses, so it would be good to explore this option. ‘’What are
agricultural uses, which would be compatible with those landscapes that get inundated
sometimes? We don’t really do that kind of thinking here.’’ (J) Crops that can deal with changing
conditions, like cranberries. ‘’They are quite happy to sit with wet feet, whereas a lot of crops
aren’t. They don’t cope very well with that variability of soil moisture.’’ (J). Aquaculture could
be another option in the more wet, saline areas. ‘’Some kind of aquaculture sort of thing.’’ (J)
This could be a way to improve food security and awareness on the food supply chain. ‘’the
sort of feeling that people want to bring it closer to home and have a much shorter supply
chain, so that the possibility of food getting interfered with intentionally or unintentionally.
If it’s on our doorstep, we can have a much better feeling about what’s going on with it. We
could actually go out here and pick it ourselves.’’ (J)
The model doesn’t stop people from moving through and experiencing the landscape. ‘’That’s
right. It doesn’t stop that level of moving through it, doesn’t it?’’ (J)
Opportunity to reclaim some good agricultural soil along the river. ‘’the old planning legislation
used to prevent houses being built on high quality agricultural soils.’’ (J). After it was changed,
many good agricultural soils were converted to housing. Even low-lying areas were drained for
this purpose. ‘’So that out on the plains some of the best agricultural soils now have houses on
them, which isn’t great. And also, in Christchurch itself, this area up here through Marshlands,
which used to be one of the main horticultural areas and it was also quite wet. And now it’s
covered in houses. So, something like this is actually reclaiming some of that good soil.’’ (J).
Learn from the past. ‘’Knowing what we know now, should we have ever built that close to the
river? Possibly not, because it is where you get your soils, that are distributed by sediments,
you know, instead of just sitting there on the edge, which is often the most fertile soils.’’ (J).
Colin Meurk
Urban Ecologist Landscare Research
No problem with small-scale agriculture use. ‘’Well, probably the same applies. I think there is
space for community garden level.’’ (C). ‘’I’m not averse to community garden. I think it’s the
scale, probably would be the only kind of issue. And, so I mean, I think some parts of the red
zone, where there is no particular sort of competing uses, yeah, go for it.’’ (C)
Combine these kinds of uses with soft natural edges and blocks of natural habitat. ‘’I don’t
have any particular problem with ideas like this as long as it has this, you know, this sort of soft
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natural edges and solid blocks of natural habitat as well. I wouldn’t like to see the whole thing
totally industrialized agriculture.’’ (C)
A lot of the higher land is landfill and the soil would need to be amended before it can be used
for agriculture. ‘’Although, a lot of higher land is landfill.’’ (C)
Could be integrated with other uses. ‘’I could see it integrated with the park land environment.
It would be just one of the experiences, that you would have as you’re sort of walking through
or running past’’ (C)
Hugh Nicholson
Urban Design Regenerate Christchurch
Positive reaction. ‘’I think that’s a really good thought. And well, obviously, we’ve tried to
weave some of this into the plan.’’ (H)
Think about what is needed to create a new food network system. ‘’The idea is really good, but
you have to get people who do the farming and the markets to take the food. So, it’s setting
up more than just the paddocks, just the space. You know, it’s really setting up a kind of, a way
of life.’’ (H)
A food trail might be an idea to experience the landscape and tie different areas together. ‘’So,
internationally there is a bit of interest in, you know, local food trails. … people can walk or
ride a trail and they stop at various attractions along the way. Might be a way of tying these
routes together.’’ (H)
Katy McRae
Communication Regenerate Christchurch
Popular according to the exhibition. ‘’Yes, so this one is very popular anyway.’’ (K)
Some of the land is contaminated and would need to be remediated before it could be used to
cultivate of food. ‘’it’s not all clean land. Like, a lot of work would have to be done to make it
to the point where you will be able to use it for cultivation of food.’’ (K). ‘’it was residential and
some of it even before that, was HAIL sites, we called them. So, that’s hazardous sites.’’ (K).
‘’You wouldn’t want to be growing stuff necessarily, until you have it remediated. Remediating,
hugely expensive.’’ (K)
Definitely opportunities for certain kinds of food cultivation. ‘’But, yeah, there is definitely,
and certainly for aquafarming, you know, that idea. The Mahinga Kai idea for New Zealand.’’
(K)
A lot of the land used to be farming land, but we have to keep in mind that times are changing
and the environmental conditions are not the same as before. ‘’And a lot of this area was
orchard and market gardens before. … But it will, the environment is changing. It will flood
more in the future and it will become increasingly more saline’’ (K)
Simon Swaffield
Landscape Architect Lincoln University
Take into account the possible contamination of certain areas. ‘’the big issue here in part is the
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questions of, is there any contamination in any of these areas? (S)
This model could encourage a lot of people to eat healthy, especially the poor communities.
‘’the poorest communities eat the most fast-food. So, the community gardens things, I mean,
potentially could revolutionize.’’ (S). So, think about the values of the model, besides local
food. ‘’It’s not just local food, but you can sort of make the argument, that local food could
have this great benefit in some of these areas as well.’’ (S)

5.6.3 CONCLUSIONS

1

Food history
A big part of the area along the Avon used to be farmland and even before that the area
was an important source of food for the Maori. The soil around rivers is often very fertile,
so it would make sense to reclaim some of the land for local food production. This idea also
appeals to the public.

2

Soil conditions
Some of the soils are contaminated, either by residential use or landfills, which includes some
of the higher areas. In order to use these soils for food production, they would need to be
remediated, which is hugely expensive. Also keep in mind increasing saline conditions due to
sea level rise.

3

Local food production
Producing food locally could be a way to increase food security for the city, thus create a
redundant food system. Think about what a food network system would look like on a city
scale. Experiment with different kinds of food cultivation, that can deal with changing water
levels, like certain crops or aquafarming. Mahinga Kai can be part of this, relating to Maori
traditions of food gathering.

4

Changing mindset
Bringing food production towards the city could also increase awareness of consumers
about the food supply chain and encourage a healthy lifestyle, especially for the poorer
neighbourhoods in the east. To achieve this, it is important to be able to experience the
landscape, for example by integrating agriculture within a park environment or setting up
food trails.

5

Community scale
The food network should relate to the scale of the city and fit within surrounding
neighbourhoods. On a small scale this could be community gardens. There is room for
commercial food production, but not to the extent that is drawn in the model.
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5.7 THE ENERGETIC CITY
5.7.1 CONCEPT DESIGN

route network

recreation

education
biomass farm

solar park

tram network

local energy supply
wind farm

Left: Figure 84. Concept map The Energetic City
Right: Figure 85. Freshkills Park New York; Figure 86. Supertree Grove Singapore; Figure 87. Spatial Vision energy landscape Brabant

This concept explores the integration of renewable
energy landscapes in an urban context, creating a more
self-sufficient city. The red zone area provides the open
space needed for these kind of land uses, such as solar
parks, wind farms, biomass farms, and other experimental
forms of renewable energy supply. An extensive route
network leads past a diversity of energy landscapes,
which are accessible to the public and integrated in the
landscape, creating educational and recreational value. As
New Zealand currently relies on hydroelectric power and
overseas supplies, local supply systems could prevent largescale system failure as a result of energy dependency and
create a more sustainable way of living. Transitioning from
fossil fuel to renewable energy networks also resonates
in a more healthy urban living environment, for example
through the implementation of electric transportation
networks instead of car dominated infrastructure. This
design sets an example for innovation and provides
economic benefits for the city.
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5.7.2 FEEDBACK
Evan Smith and Teoti Jardin
The Avon-Ōtākaro Network and Ngāi Tahu
Not very enthousiastic about the implementation of renewable energy systems within the city.
‘’Not sure how viable this is – our advice is that wind in the inner-city flatlands of Christchurch
are not consistent or powerful enough for wind generation to be viable. There are significant
impacts on the visual landscape values with the introduction of large scale wind turbines or
fields of solar panels.’’ (E) (survey)
Jacky Bowring
Landscape Architect Lincoln University
Renewable energy is not a common topic in discussions about the future. ''No, it hasn't really
come up, I don't think. I don't know why. But yeah, that would be really interesting.'' (J)
Rethink resilience of infrastructure networks, such as energy systems, after a disturbance.
‘’How resilient are we as a city? If we have our own energy supply our resilience will go up.
And they talk about, this whole thing about redundant systems. So that you can have multiple
systems, that allow some to fail.’’ (J)
There is a lack of knowledge amongst people on the supply of essential resources, such as
electricity and water. ‘’it was interesting that people didn’t even know where their electricity
came from. They didn’t know anything about how their house works, where the water came
from or anything like that.’’ (J)
One of the reasons for this is that infrastructure networks are often hidden in the landscape,
like powerlines in the ground. ‘’It used to be on poles, but then they thought it looked ugly. So,
bury it under the ground and then it’s very hard to fix when something goes wrong. Whereas
in an ideal world, it would almost be like, all your infrastructure would be exposed.’’ (J). It’s
important to make these networks transparent and adaptable. ‘’I think that the transparency
of energy is also really important.’’ (J). ‘’having that power over your infrastructure network,
that you can actually adapt it if you have to.’’ (J)
Take a look at tidal energy. ‘’You see those tidal farms where, I mean, the estuary is potentially
quite tidal.’’ (J).
There is room for improvement of transportation systems, as Christchurch is a car dominated
city and public transportation is underused. Transitioning to electrical transportation systems
is hard, because New Zealand is too sparsely populated to make it worthwhile. ‘’Where in the
past the streets were just cloaked up with bicycles and now it’s full of cars. So, how do we turn
that around?’’ (J). ‘’that was one of the things that everyone hoped the earthquake rebuild
would really solve. Was that it was the chance to separate the bike trails from the cars. But
that hasn’t really happened again.’’ (J)
Small wind turbines should be compatible with other land uses, like to the anti-frost rotors in
the vineyards. ‘’They’re very similar to wind turbines, shorter, but similar kind of structures
that just stick up in the middle of the vine. So, no reason why it couldn’t be a wind turbine.’’ (J)
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Colin Meurk
Urban Ecologist Landscare Research
Acknowledges importance of sustainable energy. ‘’you know, it should be incorporated.
We need to have more sustainable energy.’’ (C). However, can’t imagine large scale
implementations in the area and mainly talks about small-scale interventions. ‘’obviously
most buildings could have solar panels on them these days. I don’t know about massive arrays
like that, but I probably don’t know enough about it.’’ (C)
Importance of wind energy. ‘’windmills are probably going to be important. I suppose, you’d
have to look at what the wind environment is like in each of these places.’’ (C). Could imagine
a few of them around the estuary, where they don’t interfere with other uses.
In these kinds of areas, windmills could interfere with wildlife and human activities. Proposes
to look further up the coast for locations, which are less inhabited. ‘’I was thinking, you know,
where wind farms might be. I’d probably think of, you know, a bit further up the coast, which
is more sort of uninhabited.’’ (C)
Take a look at tidal energy. ‘’One form of energy not depicted there, is tidal energy.’’ (C)
Hugh Nicholson
Urban Design Regenerate Christchurch
Enthusiastic about the model, but doubts if it’s feasible within the current energy system in
New Zealand. ’’I think it’s a really good idea. I’m not sure it’s going to happen, because I just
don’t think the economics are there at the moment.’’ (H)
The way energy systems are structured in New Zealand at the moment, doesn’t really support
renewable energy. ‘’It’s a real shame that in New Zealand we have an energy market, that
actually doesn’t support renewable energy very well at the moment. I hope the government
will address this, but basically, it’s just the way it’s structured makes it uneconomic to generate
this power.’’ (H)
A solution could be to look for private investors. ‘’We are not showing it in our plans, because
I don’t think the government might do it or the Crown, the Council. You know, they are not in
the business of generating energy. But if somebody came to us and said, yes, we want to do it.
We would be in a position, you know, we can see that happen.’’ (H)
Sensible place for renewable energy. ‘’I think, for a solar farm for example, it would be a really
sensible place to do that. Yeah, I agree.’’ (H)
Katy McRae
Communication Regenerate Christchurch
New to the idea, but interested. ‘’it’s a really interesting idea.’’ (K)
The generation of wind energy could be problematic for people and ecology. ‘’I know that
there is such a thing as sound pollution.’’ (K). ‘’This whole area has this ecological significance.
But here, with the houses so close too would potentially be a challenge.’’ (K)
New Zealand relies on hydro-power, which is a renewable energy source. Therefore, they
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don’t focus so much on other renewable energy sources at the moment. ‘’In New Zealand we
have a lot of hydro-power. So, we have that kind of, a different attitude towards the. I mean,
it’s not that we don’t agree, and we do. But we do a lot of renewable energy anyway, cause
we don’t rely on reactors or those coals or anything like that.’’ (K)
Sceptical about costs. ‘’I was kind of thinking, how to set that up, the cost, the expense.
And it’s not that you need, sort of like, necessarily return on investment from the land. It’s a
complicated one. It’s just, yeah, it would cost an awful lot to set that up on the land.’’ (K)
Simon Swaffield
Landscape Architect Lincoln University
Positive about exploring renewable energy options. ‘’I think it’s a good one to explore.’’ (S). ‘’I
think the question is, you know, how could it be. And how could the red zone contribute to a
more self-sufficient city in energy terms.’’ (S)
At the moment it’s hard to implement these kinds of projects. ‘’There is no subsidies, no.
There is no support.’’ (S)
Possibilities for solar energy, maybe wind energy. Not sure about biofuels. ‘’I mean, there is
obviously a lot of solar potential.’’ (S). ‘’I’m not sure how good the wind is. Well, I mean, it’s
obviously, the wind is very strong in the east.’’ (S). ‘’biofuels is a tricky one, because most
biofuels tend to be exotic species.’’ (S)

5.7.3 CONCLUSIONS

1

Renewable energy
Renewable energy is not a very common topic in discussions about the future of the red zone
or in general in New Zealand. As the country mainly relies on hydro-power, there is no urgent
need to invest in other forms of renewbale energy and therefore there is not much economic
support from the government. Therefore, there is some doubt about the feasability of the
model within the current energy system of New Zealand.

2

Opportunities
Most stakeholders agree that there should be more attention for renewable energy and that
the red zone provides opportunities/space for different forms of renewable energy, such
as solar, wind and tidal energy. The red zone could contribute to a more self-sufficient city.
Private investors and small-scale interventions.

3

Impacts
Large scale wind farms and solar fields could wildlife and human activities, certainly in the
urban environment of Christchurch. Consider impacts on the visual landscape and noise
generation.

4

Infrastructure networks
Besides energy systems, there is a chance to rethink all urban infrastructure networks to
create more resilient and redundant systems.
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5

Transparency
In general, there is a lack of knowledge on the supply of essential resources, because most
infrastructure systems are hidden in the landscape, like electricity cables. Transparancy and
adaptability of infrastructure systems is therefore important.

6

Transportation networks
The transportation system in Christchurch needs improvement. Christchurch is a cardominated city, with underused public transportation and exclusion of bikes. This provides a
challenge as New Zealand is quite sparsely populated and people are used to using cars.

5.8 CONCLUSION
As a whole, the interviews provided a better understanding
of the social context. It is obvious that the red zone caused
a lot of distress amongst citizens and that the development
of the area is an emotional topic. Many people feel
strongly connected to the area, but this also leads to a
complexity of social desires. It confirms the importance
of involving local communities and stakeholders in the
design process. Despite the grievance that was brought by
the earthquakes, there is also a lot of positive energy and
enthousiasm towards the future and what the area could
mean for the city. The challenge is to find a new identity,
while honouring the past. Frustration about the lack of
action and progress can be felt. In order to move forwards,
a decisive government is needed, that listens to people but
also makes some large-scale strategic decisions.
The feedback provided by the interviewees on the basis of
the six concept designs, provided better insight in different
perspectives towards alternative future pathways and
specific land use options. The input can be used for the
development of design guidelines for the Avon-Ōtākaro
river red zone. The interviews did not provide a clear
choice for one of the concept designs, as each concept
provoked both positive and negative feedback. Rather,
the interviewees stated a preference for a combination
of design ideas, as they were found compatible with
each other. In general, interviewees agreed that the
area provides huge opportunities for the development
of a green corridor, that integrates a variety of land
uses benefiting both people and nature. The Park was
perceived most positive by all stakeholders as a plausible
future scenario. Expanding green recreational networks
is a shared desire. Elements of Maori Wetlands, The Big
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Garden and Urban Nature were perceived positive by all
stakeholders, however implemented on a much smaller
scale. The choice for the development of wetlands, urban
agriculture and nature reserves should be based on the
suitability of a place for a particular use. An interesting
outcome was the conflicting reactions on future urban
development in the area. From local communities there is
an obvious concern about housing, while experts opted for
small-scale experiments. The Energetic City did not excite
as much, due to doubts about applicability. This chapter
concludes with a set of main ingredients that provide input
for the final plan.
•

Instead of applying one specific land use to the full
extent of the red zone, the area provides a testing
ground for a mixture of small-scale experiments.

•

The landscape functions as a living laboratory that
provides insight in how to deal with climate change
impacts, in particular sea level rise.

•

Land use options should be carefully weighed against
each other, based on site-specific characteristics.

•

Interventions should fit within the everyday landscape
of Christchurch and take into account the limited
amount of resources that the city possesses.

•

Step-by-step implementations and constant feedback
ensures flexibility and minimizes expenses.

•

Involving local communities through bottom-up
initiatives is key to building a strong social network,

in which people feel responsible for and connected to
the landscape.
•

The integration of people and nature is essential
to increase awareness and education. Therefore,
accessibility and connectivity are important to provide
meaningful experiences.

•

The landscape has multiple historical layers that
provide meaning and create idenitity. Historical places
or objects are important in creating a sense of place.

•

Mahinga kai is an important aspect of Maori culture
and should be incorporated in future plans.

•

While connectivity of urban green spaces generally
increases biodiversity, predator-proof areas are
essential to native species, either through fencing or
management.

•

Small-scale experiments with housing on the edges,
but take into account opinions. Based on resilience
thoughts building is possible in the red zone, however
this is socially a tricky task.

•

The Burwood area that connects to Travis Wetland is
most suitable for a nature reserve.
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DESIGN GUIDELINES

INTRODUCTION
In this chapter, general principles for building resilience
in urban river systems are translated into place-specific
design guidelines for the Avon-Ōtākaro river red zone.
This is an important step, as new knowledge is generated
through the synthesis of theory and analysis. Section 6.1
explains the proposed guidelines in ascending order of
the scale they are applied to. The selection of guidelines
functions as a practical toolbox for suggesting sustainable
and resilient design interventions.
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6.1 SYNTHESIS

Chapter 3 provided a set of spatial principles for building
social-ecological resilience in urban river systems, based
on the integration of resilience and landscape architecture
theory. To come to place-specific design interventions for
the Avon-Ōtākaro river red zone, these principles need
to be calibrated to the structure, function and identity of
this particular landscape system (Allan and Bryant, 2011).
The landscape analysis and interviews in chapter 4 and 5
provided valuable insight in the complexity of social and
ecological processes, and spatial characteristics of the
Avon-Ōtākaro river landscape system on a variety of scales
in space and time. The integration of theoretical principles
and place-specific information resulted in a set of design
guidelines, elaborated on the following pages. This is an
important step, as new knowledge is generated through
the synthesis of theory and analysis. As the name suggests,
they provide guidance in developing design solutions, that
support social-ecological resilience in the Avon-Ōtākaro
river landscape system.

•

Redundancy and
modularity
Variability

•

•
•

Connectivity
Buffering
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The guidelines apply to different scales and different
aspects of the social-ecological system. This is important to
keep in mind when applying them in practise. For example,
''Green city network'' focuses on large-scale connectivity of
urban green spaces, including the red zone area, providing
multiple benefits for people and nature in the long-term.
On the other hand, ''Red zone roads'' focuses particularly
on the physical remains of previous neighbourhood
streets, which provide connectivity, redundancy and
flexibility, but on a relatively short time frame. The bullet
points state the most important system attributes that
each guideline supports. The selection of guidelines can
be used as a practical toolbox for sustainable and resilient
design interventions for the Avon-Ōtākaro river red zone.
Over time, guidelines can be adjusted, removed or added,
as conditions are constantly changing. In the next chapter,
the design guidelines are applied and tested in a regional
design for the Avon-Ōtākaro river red zone.

1. Living with water

2. Green city network

The water system becomes an
integrated and visible part of the
urban landscape. Stormwater is
collected locally in subcatchments
and slowly released into the main
channel via a network of open
streams and drains. The AvonŌtākaro river is appreciated as a
source of ecological and cultural
value, and regains its place as a
prominent landscape feature.

A robust network of urban green
spaces is created by connecting
small-scale patches, like parks,
cemeteries, sport fields and nature
reserves to large-scale green spaces
in and outside the city. The red
zone area functions as a green
spine between the city center and
the coast, supporting biodiversity
and urban quality of life in eastern
sections of the city.

•
•
•

Diversity
Connectivity
Buffering

3. Blue-green buffer

4. City to sea trail

Multifunctional green spaces along
waterways allow the river to selforganize, while protecting the
urban environment and filtering
stormwater runoff. The size of
these buffer zones depends on
the available space and flood risk.
If necessary, blue-green buffers
are complemented with structural
measures.

The green city network also provides
important recreational connections
between the city and the sea. A
network of trails provides access to
a diversity of landscapes and leads
past various characteristic sites along
the Avon-Ōtākaro river. On a larger
scale, the network is connected to
other recreational routes, such as
the Christchurch 360 trail.

•

Connectivity

•
•

•

•
•

Learning and
innovation
Flexibility

Redundancy and
modularity

Redundancy and
modularity
Connectivity

5. Living lab

6. Risk-based land use

Christchurch
provides
the
opportunity to study the impact
of climate change on coastal cities
and experiment with novel ideas
on how to adapt to changing
circumstances. The red zone area
functions as a living lab, attracting
a diversity of entrepreneurs and
research institutions, and is a source
of knowledge and innovation for
coastal cities worldwide.

Physical preconditions of the
landscape, such as soil and
hydrology, and dynamic processes
changing over time, are important
criteria for land use planning and
design. Accordingly, land use varies
from permanent functions in lowrisk locations to temporary functions
in high-risk places. Continuous
monitoring of fast and slow variables
provides insight in the most sensible
land use options.

Diversity

Variability
Diversity

7. Self-sufficient city

8. Diverse neighbourhoods

Dependency on regional supply
systems is reduced by encouraging
sustainable supply of local goods and
services. Green networks provide
space for local food production and
generation of renewable energy,
which increases self-sufficiency of
Christchurch and redundancy in
resource supply systems.

Valuable assets are concentrated in
low-risk locations. Monofunctional,
homogenous
and
low-density
suburbs are transformed into dense
and diverse neighbourhoods. Within
these urban cores small-scale green
networks sustain a healthy living
environment.

•

Diversity

9. Essential infrastructure

10. Cultural identity

Functionality
of
essential
infrastructure systems, such as
electricity, water and mobility,
is maintained by implementing
a modular framework of robust
and durable structures, and easily
adaptable system components. The
system allows for small-scale failures
and modifications, while maintaining
overall functionality.

The landscape is strongly tied to
Maori and European culture. Building
on existing structures, functions,
identities and feedbacks within the
landscape helps strengthen place
identity and a sense of belonging.
Providing a cultural meaningful
experience within the floodplain
environment contributes to a better
understanding and appreciation of
natural systems. Connect different
stakeholders and local communities
to create a strong social network.

11. Mosaic of ecosystems

•

•
•

•
•
•

Diversity
Connectivity
Learning and
innovation

Create a mosaic of ecosystems
along the river and other green
networks, providing habitats for a
wide variety of species. Depending
on place-specific conditions like
flood frequency, soil type and
saline influences, a mix of native
ecosystems can be found within
the area, such as kahikatea wetland
forest and oioi saltmarshes.
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12. Dynamic river

13. Flood zones

Allow for natural river dynamics like
channel migration, sediment flows
and regular flooding. This involves

1

increasing the capacity of the Avon-

•

Variability

•
•

Connectivity
Buffering

•
•

Buffering
Connectivity

•
•

Connectivity
Buffering
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Ōtākaro river floodplain by removing
or relocating obstacles, such as
stopbanks, roads and bridges.

2

3

•

Redundancy and
modularity

Spread risk accross scales, by
creating different flood zones
based on existing topography and
complemented with grey and green
buffers. These zones provide a
framework for different types of
land uses, from temporary to more
permanent.

14. Forest buffer

15. Sponge wetlands

Create densily vegetative buffers
around urban waterways and
buildings,
using
flood-tolerant
indigenous species such as kahikatea
forest. They provide natural flood
protection by slowing down
stormwater flows and contribute
to healthy ecosystems and climate
regulation.

Restore wetland ecosystems in lowlying areas that are prone to flooding.
These wetlands collect, filter and
release excess water during flood
events. They support native wildlife
habitats, increasing biodiversity.
Depending on inundation levels, they
can also be used for low intensity or
temporary land use functions, such
as recreation and mahinga kai.

•
•

Diversity
Buffering

16. Integrated buffer

17. Small-scale experiments

Protect valuable assets in vulnerable
places by integrating grey measures,
such as stopbanks and drainage
pipes, with green measures, such
as vegetation and natural slopes.
Integrated within the landscape,
the buffers also provides significant
landscape value.

Experiment with different types
of land uses within a floodplain
environment. Experiment plots
provide local goods and services to
surrounding neighbourhoods, such
as food and energy. Each disturbance
provides lessons to expand or adapt.
Showcasing options to people
increases awareness on changing
conditions.

•
•

Learning and
innovation
Flexibility

18. Green corridors

19. Urban flood spaces

Connect urban green spaces by
greening streets and plots that
now form missing links in a citywide green network. They support
species migration and recreation,
and contribute to a robust green city
network.

Integrate the water system within
the urban fabric and add local flood
spaces that can absorb stormwater
and slowly release it to the river.
By spreading risk accross different
scales, the drainage capacity of the
entire system is improved.

•
•

Connectivity
Buffering

•

Diversity

2

3
1

•
•

•

•
•

Connectivity
Redundancy and
modularity

Diversity

Diversity
Connectivity

20. Red zone vegetation

21. Red zone roads

Use existing red zone vegetation
patterns. Replace or remove
vegetation if required for particular
land uses. For example, remove
exotic species to enhance native
biodiversity.

Use existing red zone roads as
transitional infrastructure for low
intensity and temporary use. Over
time, they can be replaced or
removed. The road pattern provides
a framework for future development
and add to a sense of place and
legibility.

•
•

Connectivity
Redundancy and
modularity

22. Adaptive pathways

23. Experience change

Create a redundant infrastructure
network by implementing a diversity
of pathways. Add new roads when
existing roads are badly damaged
or permanently flooded to improve
connectivity. 1: Paths that are robust
and withstand floods. 2: Paths that
avoid floods, like elevated paths. 3:
Paths that allow disturbances, like
floodable paths.

Encourage interactions between
people and nature by providing
accessible routes and places, in
particular along the river. Create
places that allow visitors to
experience the dynamics of nature,
as such providing a meaningful
experience that increases awareness
on changing systems.

•
•

Connectivity
Variability

24. Protected native habitats

25. Red zone remnants

Create protected habitats for
native species, building on existing
ecological networks. Experiment
with different types of predator
management, such as fencing or
water bodies that seperate habitats.
Provide limited access to experience
the area.

Characteristic landscape features
of previous neighbourhoods, such
as street signs, are important
references to the past and create a
sense of place. Meaningful places
should also be preserved.

•
•

Connectivity
Learning and
innovation

26. Social hubs

27. Land use swap

Concentrate social interaction and
activities in spots that are well
connected to existing social and
infrastructure networks. These
places are easily accessible and
provide a starting point to explore
other areas.

Densify highly elevated green
spaces and sprawled suburbs in
low-risk locations, while strategically
retreating from high-risk locations.
By making step-by-step adjustments,
forced retreat can be prevented.

•
•

Learning and
innovation
Flexibility
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DESIGN

INTRODUCTION
In this chapter, the design guidelines are synthesized in
a regional design for the Avon-Ōtākaro river red zone in
Christchurch. The main goal is to enhance resilience to
earthquake and flood hazards, while addressing placespecific characteristics of the social-ecological system.
Section 7.1 proposes a regional design, in which the AvonŌtākaro river red zone is transformed into an adaptive
and multifunctional urban river park. The design is further
explained in section 7.2 and 7.3, which provide insight
in different park typologies and place-specific variations
along the river.

82

7.1 AVON-ŌTĀKARO RIVER PARK
DYNAMIC FLOODPLAIN

The application of the place-specific guidelines resulted
in an innovative design proposal for the transformation
of the red zone area into an adaptive and multi-functional
urban river park (figure 90). The following sections explain
the design in further detail. The numbers in the regional
design map refer to the locations of the design details
explained in section 7.3. The numbers indicated in the text
refer to the design guidelines from Chapter 6.
Following an ecosystem-based approach, underlying
natural systems form the basis for the design, with the
Avon-Ōtākaro river as a central feature. The river is
currently contained in between stopbanks, which restricts
natural flows, subsequently limiting dynamic interactions
between the river and its surroundings. The approach here
is to embrace ecological variability and create an adaptive
landscape that allows dynamic processes and supports
human-nature interactions.
Therefore, an important first step is removing or setting
back stopbanks along the riverbanks to increase the
capacity of the river floodplain, and provide space for
dynamic processes and feedbacks (DG 12). Subsequently,
the park landscape is organized according to different
inundation zones (DG 13), largely based on existing
hydrology and landscape elevations (figure 88). These
zones provide a framework for different park typologies
that support land uses that range from more natural, selforganizing and temporary land uses in high-risk zones to
more urban, managed and permanent land uses in lowrisk zones (figure 88). The result is a robust green network
complemented with structural buffers, that enhances
the capacity to absorb disturbances, while also providing
space for place-specific variations, self-organization
and continuous adaptation on smaller scales (DG 16). A
redundant infrastructure network, ranging from robust
and durable structures along the edge to temporary and
adaptive pathways towards the river, provides connectivity
on different scales (DG 22). The park stimulates humannature interactions, by providing culturally meaningful
experiences along the Avon-Ōtākaro river, strengthening
place identity and a sense of belonging. (DG 23, 25).

Relocating stopbanks

Park typologies

GREEN BUFFER

REDUNDANT INFRASTRUCTURE

Adaptive pathways

Figure 88. Regional design landscape layers
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7.2 PARK TYPOLOGIES

The regional design provides an idea of what the area
might look like in the future. However, it is not a fixed
masterplan, as the development of the area highly
depends on changing variables. Therefore, the design
should be used as a framework for adaptation to achieve
a new sustainable form of living in a coastal floodplain
environment. Through constant monitoring and feedbacks,
the framework changes over time.
Figure 92. illustrates the different park typologies based on
different inundation zones in a schematic cross section of
the Avon-Ōtākaro river park. The following section explains
the park typologies in more detail.

• Riparian buffer
As stopbanks are relocated and some of the artificial
drainage systems are removed, low-lying land along the
river becomes subject to regular flooding, while some
areas might even become permanently inundated.
To accommodate dynamic floodplain processes, a
riparian buffer zone is created along both sides of the
river. Depending on place-specific conditions like flood
frequency, soil type and saline influences, a mix of native
wetland ecosystems can be found within the area, such
as kahikatea wetland forest along the middle reaches
and oioi salt marshes along lower stretches of the river.
The wetlands function as a natural buffer between the
river and the city as they slow down and absorb flood
waters. Furthermore, they filter contaminated stormwater
from urban areas, subsequently improving the water
quality of the river. The area provides a habitat for native
wildlife and creates opportunities for Mahinga Kai and
birdwatching. Over time, red zone streets are replaced by
floodable nature trails and elevated boardwalks, leading

Figure 89. Impression of the riparian buffer
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AVON-ŌTĀKARO RIVER PARK

River, streams and ponds
Riparian wetlands
Wetland forest
Floodable park
Experiment zone

4.

Urban sponge
River park destinations
Nature reserves
Land use switch
Beach and dunes
Residential area
Commercial area
Strategic retreat
Green corridor
Blue-green corridor
Integrated buffer

3.

Elevated road
Cycle and walking track
Elevated boardwalks
Nature trails

1.
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2.

5.

6.

Figure 90. Regional design 1 : 20.000 Avon-Ōtākaro River Park
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Figure 91. Schematic section 1 : 2000 Avon-Ōtākaro River Park

visitors through a diverse natural landscape (DG 22). On
numerous locations along the riverfront, facilities like boat
rentals, observation towers and info signs contribute to
a meaningful learning experience (DG 23). Accessibility
is limited in some locations, as they can only be reached
in dry conditions or because they are protected wildlife
habitats (DG 24). Figure 89 gives an impression of what
the area might look like.
• Floodable park
In places where the land is slightly more elevated but
still at risk of flooding and liquefaction, the landscape
transitions into a more open park space. This area provides
an additional green buffer, as it can flood and store water
in case of emergency. In dry conditions the area functions
as a diverse and active park space with flood tolerant and
temporary uses, such as playgrounds, sports fields, festival
sites and pop-up facilities. The basis for the floodable park
lies in the existing red zone landscape. Remaining vegetation
and infrastructure provide a strong framework for a legible
park structure that is well connected to existing routes
and significant locations within the urban environment
(DG 20, 21). Over time, along important routes, red zone
roads are replaced by an improved network of cycling and
walking paths (DG 22). Characteristic landscape features
and meaningful places from previous neighbourhoods are
preserved, as they are important references to the past
and strengthen place identity (DG 25).

87

• Experiment zone
In suitable locations along the urban edge, there is place
for more intensive land uses that focus on learning and
innovation. Existing roads provide a framework for smallscale experiments and community projects focusing on
innovative flood-tolerant and adaptive land uses, such
as floating houses, alternative forms of agriculture and
renewable energy (DG 17). Local goods and services
from the area increase self-sufficiency of surrounding
neighbourhoods. By monitoring changes, and constant
adaptation and feedback, there is a high exchange of
knowledge that provides insights for alternative land uses
within a flood-prone environment. If projects are succesful
they can be expanded. Active involvement of local
communities and businesses strengthens place identity and
a sense of responsibility. A network of pathways provide
access to visitors and organized excursions, showcasing
experiments, create a great learning experience (DG 23).
Figure 92. gives an impression of what the area might look
like.
• The urban edge
Although this design focuses on the red zone area,
interventions within the park are strongly related to the
urban surroundings. Therefore, the urban edge needs
to be considered as part of the design. First of all, green
spaces outside the red zone area are important to absorb
stormwater locally within the urban fabric and slowly
release it to the river to increase the drainage capacity
of the entire system (DG 19). These urban sponges are

Below: Figure 92. Impression of the experiment zone

connected to the river park through an improved network
of green corridors and patches, which also increases
biodiversity (DG 18). Furthermore, there are several
opportunities for land use swaps along the urban edge
in the long term (DG 27). Some neighbourhoods outside
of the red zone area might also experience increased
hazard risk in the future, due to sea level rise and extreme

weather events. These areas can be indicated as possible
locations for strategic retreat and might over time become
part of the urban green network. On the other hand,
highly elevated green spaces that are currently used for
recreation provide opportunities for urban densification,
such as the Christchurch Golf course. Timely adjustements
may prevent forced relocation and emotional damage.
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5.

7.3 DETAILS
4.

The way that the design guidelines are expressed in
different locations along the river depends on sitespecific characteristics. For example, soil conditions and
groundwater levels determine the type of vegetation
suitable in each location. Furthermore, the tides influence
water level fluctuations in lower reaches of the river, which
requires a more extensive buffer system towards the coast.
This section highlights six different locations along the
river, that each have distinctive landscape characteristics
and provide a unique experience of the park area (figure
93). They are explained in 3D sections that show how
design guidelines are applied throughout the park.

1.
2.

Figure 93. 3D sections locations

1. City Park

Beverly Park Rose Garden
Linwood

Richmond

Richmond - Linwood

Towards the city center, the river is relatively shallow
and calm. Before the earthquakes, it almost disappeared
in between dense urbanization, but now there is
an opportunity to redesign the river space as an an
attractive waterfront park. Interlinked within a network
of urban green spaces, it improves the drainage capacity,
biodiversity and quality of life within the city center. By
creating accessible waterfronts and a network of cycling
and walking paths along the river, people are reconnected
with the natural environment. This connection is
strengthened by planting the riverbanks with native
vegetation to provide habitats for freshwater Mahinga Kai
species, such as eel and crayfish. Along the urban edge,
there is space for small-scale community projects and local
businesses, like gardens, temporary cafes and event sites.

1.
Richmond Playground

6.

3.

145 m

16. Integrated buffer
17. Small-scale experiments

14.

18.

14. Forest buffer
19.

16.

17.
21.

21.

18. Green corridors
19. Urban flood spaces
20. Red zone vegetation
21. Red zone roads
26. Social hubs

Figure 94. 3D section City Park
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RIPARIAN BUFFER

26.

18.

2. Avonside Loops

In between Dallington and Avonside, a substantial area
of red zoned land lies in between two characteristic
river bends. A playful and adventurous park area arises
as stopbanks are relocated and natural river dynamics
are restored. Low-lying areas along the river are planted
with native freshwater wetland and forest species, such
as totora and houhere. The riparian flood zone provides
flood protection and filters contaminated stormwater,
while also creating opportunities for wildlife and Mahinga
Kai. Higher elevated areas provide open park spaces
with recreational facilities. Accessibility is provided by
a combination of paved streets, boardwalks and nature
trails, some of which are only accessible in dry conditions.

2.
Dallington
Banks Avenue School

Dallington - Avonside

Avonside

Sullivan Park

895 m

14. Forest buffer

26.

16.

15. Sponge wetlands

19.

16. Integrated buffer

22.

22.

19. Urban flood spaces

21.

23.

15.

14.

21. Red zone roads
22. Adaptive pathways
23. Experience change
26. Social hubs

Figure 95. 3D section Avonside Loops
RIPARIAN BUFFER

3. Avondale Terraces

At Avon Park, the river takes a sharp turn to the left, then
widens and follows a relative streight course. This part
of the river is important for recreational activities, such
as rowing and kayaking. These activities are supported
in a diverse park landscape, that strengthens riparian
ecology, while also providing facilities and accessible
routes along the river based on existing cultural networks.
Buffer capacity of surrounding low-lying neighbourhoods
is significantly improved by a combination of green and
grey buffers along the river, and additional permeable
surfaces within the urban fabric. Along the urban edge,
local communities and businesses are encouraged to
experiment with flood tolerant land uses, providing
insights for future transformations.

3.

Avondale Playground
Dallington

Avondale

685 m

13. Flood zones
14. Forest buffer

20.

15. Sponge wetlands
16. Integrated buffer
17. Small-scale experiments

18.

Dallington - Avondale

26.

13.

23.
16.

15.

18.

14.
17.

18. Green corridors
20. Red zone vegetation
23. Experience change
26. Social hubs

Figure 96. 3D section
Avondale Terrace
RIPARIAN BUFFER
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4. Horseshoe Lake
4.

Horseshoe Lake is of signifcant importance to Maori and
plays an important role in the drainage of north-west
Christchurch. These characteristics form the basis for the
extension of the natural wetlands system in the adjacent
red zoned land. The area becomes an important place for
ecology, kahikatea wetland forest, and water management/
restoring critical functions of draining and filtering urban
stormwater. The slightly elevated areas provide open park
spaces, accessible over the improved red zone paths,
while boardwalks and dirt paths invite to experience the
wetlands and forest/natural areas. The highly elevated
golf course is reused for residential development, while
low-lying parts of Avondale and Burwood might retreat.

Burwood
Horseshoe Lake Reserve

Christchurch Golf Club

Shirley - Avondale

Avondale

1150 m

14. Forest buffer
15. Sponge wetlands

26.

27.

16. Integrated buffer

23.

21.

17. Small-scale experiments

14.

17.

15.

16.

21. Red zone roads

22.

16.

22. Adaptive pathways
23. Experience change
26. Social hubs
27. Land use swap

Figure 97. 3D section
Horseshoe Lake

RIPARIAN BUFFER

5.

5. Burwood Sanctuary

The east Burwood area forms an important ecological
connection between Travis Wetland and the AvonŌtākaro river. The block size and variation in topography
make the area highly suitable for an eco-sanctuary, that
is connected to Travis Wetland as the SH74 is elevated.
The eco-sanctuary provides space for endangered wildlife
species, such as pukeko and weka. A mix of freshwater and
brakish ecosystems. The area provides limited access due
to predator control, but can be experienced along a fixed
route. East of Anzac Drive, the Mahinga Kai Examplars are
extended. If possible, the 74 State Highway is relocated to
provide more space.

Avondale

Donnel Sports Park

Travis Wetland

Burwood

885 m

14. Forest buffer
15. Sponge wetlands

22.
15.

24.
14.

23.

16.

15.

16. Integrated buffer
22. Adaptive pathways

Burwood - Avondale

26.

22.

23. Experience change
24. Protected native habitats
26. Social hubs

Figure 98. 3D section Burwood Sanctuary
RIPARIAN BUFFER
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6. Drowned Bexley

Towards the estuary, the river is wide and under
increasing influence of the tide, which creates
dynamic and saline conditions. As stopbanks are
relocated further from the river, the natural floodplain
environment with mudflats and saltmarshes is
restored, providing a habitat for estuarine bird
species, such as kauka and matuku moana. The lowlying land of Bexley east of the SH74 is designed as
a floodable park landscape with articifical wetlands.
These provide opportunities for experiments with
salt water aquaculture and other land uses.

6.

New Brighton Pier

Bexley Park

New Brighton
New Brighton Beach

Withells Island Reserve

SH74

Bexley - New Brighton

750 m
15.

26.

14.
15.

14. Forest buffer
15. Sponge wetlands

16.
21.

22.

14.
16.

18.

23.

16. Integrated buffer
18. Green corridors
21. Red zone roads
22. Adaptive pathways
26. Social hubs

RIPARIAN BUFFER

Figure 99. 3D section Drowned Bexley
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CONCLUSION AND DISCUSSION

INTRODUCTION
This chapter provides a conclusion and critical discussion
following this thesis research. Section 8.1 discusses the
outcomes of the research, by answering each research
question and ultimately the design question. Subsequently,
section 8.1 discusses the theoretical, methodological and
practical contributions. This includes the limitations of the
research, future research directions and recommendations.
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8.1 CONCLUSION

The aim of this thesis research was to contribute to the
operationalization of resilience theory into landscape
architecture design methods and tools for dealing with
the increased hazard risk coastal cities are facing. This was
done by applying theoretical principles of resilience in a
case study design for the Avon-Ōtākaro river red zone area
in Christchurch. This section concludes on the outcomes of
the thesis research by answering the research and design
questions formulated in the Chapter 1.

8.1.1 RESEARCH QUESTIONS
RQ1.
What are key elements of resilience theory and how can
they be translated into spatial principles for building
resilience in social-ecological systems?
The first part of the research focused on the theoretical
integration of resilience and landscape architecture,
to provide a framework for analysis and design, and for
formulating spatial design principles for building resilience.
A literature study provided insight in the development
of resilience, a concept initially introduced in ecology to
understand complex dynamics in ecosystems, and later
used as an umbrella concept for dealing with change
in both environmental and social sciences. It opposed
previous conceptions about nature, that were based
on ideas of a predetermined stable state, and instead
introduced a multi-equilibrium approach that embraces
change and uncertainty. In the context of human-nature
coupled systems, social-ecological resilience provided the
most appropriate definition for the aims of this study:
‘’the capacity of a system to absorb disturbance and reorganize while undergoing change so as to still retain the
same function, structure, identity, and feedbacks’’ (Walker
et al., 2004). In other words, resilience in social-ecological
systems relies on their ability to persist, self-organize
and adapt in the face of change. These key elements of
resilience are supported by different system attributes.
A follow-up study on the application of resilience in
urban design and landscape architecture showed that
there is little literature that links resilience and spatial
design. Although the concept is used as a metaphor to
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understand dynamics in urban systems, there is a lack
of practical tools for building resilience through design.
Since the system attributes mentioned in the literature
already have distinct spatial implications, they were used
as a basis for a conceptual framework. A selection of
seven system attributes was made that are applicable in a
spatial context. These included diversity, redundancy and
modularity, connectivity, buffering, variability, learning
and innovation, flexibility. Integrated with the layer
model, the framework provides a basis for understanding
vulnerability and building resilience in landscape systems
through design. To increase the practical application of the
system attributes in a design for the Avon-Ōtākaro river,
they were translated into spatial principles for building
resilience in urban river systems. These included: dynamic
rivers, natural floodplain, safe-to-fail, urban connectivity,
urban ecological networks, integrated buffers, spatial
heterogeinity, multifunctionality, flexible land use, ecorevalotory design, local resources, community participation
and place-making. To test the practical application of these
principles, they are applied in a case study design for the
Avon-Ōtākaro river red zone.
RQ2.
What are specific characteristics of the Avon-Ōtākaro river
landscape system in relation to its vulnerability to natural
hazards over time?
The second part of the research focused on understanding
the Avon-Ōtākaro river landscape system, in particular in
relation to vulnerability to natural hazards. The conceptual
framework provided a theoretical lense for the analysis.
An analysis of the landscape system on a variety of scales
in space and time provided insight in the formation of
the landscape system and its vulnerability to specific
hazards. Due to its location on a seismic-active floodplain,
Christchurch is highly susceptible to a variety of earthquake
and flood hazards. Low-lying areas surrounding the two
main urban rivers are particularly prone to liquefaction,
lateral spread and flooding, due to a combination of fine
alluvial sediments underneath the surface and high water
tables.
The adaptive cycle was used to review the historical
development of the Avon-Ōtākaro river floodplain in

relation to resilience. It showed the changing relationship
between people and the environment over time and the
changing approach for dealing with disturbances. The
large-scale drainage of wetlands, the implementation of
stopbanks and urban development at the cost of green
space negatively impacted ecological functioning of the
river system and caused a disconnection between people
and natural systems. This drastically reduced the system's
ability to persist, self-organize and adapt in the face of
change, which was proven by the major impact of the
earthquakes in 2010 and 2011, which ultimately led to the
red zone decision. The reorganization phase provides the
opportunity for large-scale system transformation and the
area could play a strategic role in future of Christchurch.
Lastly, a detailed analysis of the red zone area provided a
better understanding of spatial characteristics, such as soil,
elevation, water system, green spaces, built environment
and infrastructure.
RQ3.
What are perspectives that need to be considered, given
the social context of the red zone area?
To gain better insight in the social system, six semistructured interviews were conducted with local experts
and stakeholders, in which they were asked to provide
feedback on six conceptual designs. The concept designs
explored alternative future pathways of the Avon-Ōtākaro
river red zone: 1). The New City, 2). The Park, 3). Maori
Wetlands, 4). Urban Nature, 5). The Big Garden, 6). The
Energetic City. Subsequently, feedback on each concept
design provided valuable insight in perspectives towards
future developments (Buitenwerf, 2019; Interview
transcripts). The interviews did not provide a clear choice
for one of the designs, but rather a mix of ingredients. A
selection of key ingredients was made to provide input
for the design. These include for example, ''Mahinga kai
is an important aspect of Maori culture and should be
incorporated in future plans'' and ''While connectivity
of urban green spaces generally increased biodiversity,
predator-proof areas are essential to native species, either
through fencing or management''.

city to future shocks and stresses?
A vital step in this thesis research was the synthesis of
theoretical principles with place-specific information. This
resulted in a set of design guidelines for enhancing socialecological resilience of the Avon-Ōtākaro river red zone.
(1. Living with water; 2. Green city network; 3. Blue-green
buffer; 4. City to sea trail; 5. Living lab; 6. Risk-based land
use; 7. Self-sufficient city; 8. Diverse neighbourhoods;
9. Essential infrastructure; 10. Cultural identity; 11.
Mosaic of ecosystems. Small-scale guidelines include:
12: Dynamic river; 13: Flood zones; 14: Forest buffer; 15.
Sponge wetlands; 16. Integrated buffer; 17. Small-scale
experiments; 18. Green corridors; 19. Urban flood spaces;
20. Red zone vegetation; 21. Red zone roads; 22: Adaptive
pathways; 23. Experience change; 24: Protected native
habitats; 25. Red zone remnants; 26. Social hubs; 27. Land
use switch). The design guidelines apply to different scales
and aspects of the social-ecological system. The guidelines
provide a useful toolbox for suggesting resilient design
interventions and can be adjusted over time.
The application of the place-specific guidelines resulted in
an innovative design proposal for the transformation of the
red zone area into an adaptive and multi-functional urban
river park. The result is a coherent and robust park structure
that enhances the capacity to absorb disturbances, while
also providing space for dynamic floodplain processes and
continuous adaptation on smaller scales. The river park
itself is organized according to different inundation zones,
which provide a framework for different park typologies.
These typologies are not fixed to specific locations and
might change over time as circumstances change. The
typologies provide continuity, while also allowing for sitespecific variations.

8.1.2 DESIGN QUESTION
DQ.
How can the red zone in Christchurch be transformed
in a landscape system, that enhances social-ecological
resilience of the Avon-Ōtākaro river and the surrounding
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8.2 DISCUSSION

This section is a critical reflection on the research and
design outcomes, described in the previous section. In
section 8.2.1 the theoretical contributions of the research
are discussed, with regards to how resilience theory is
operationalized into landscape architecture design. In the
subsequent section, the methodological contributions
of the research are reflected upon, respectively on how
triangulation adds to resilience and landscape architecture
research. Lastly, the practical contributions are reviewed,
more specifically how the design accomplishes a resilient
Christchurch and provides input for addressing climate
change in coastal cities in general. These sections also
discuss the limitations, future research directions and
recommendations.

8.2.1 THEORETICAL CONTRIBUTIONS
Operationalization of resilience theory into landscape
architecture design
This thesis pioneered in operationalizing resilience
theory into practical methods and principles in landscape
architecture design, as a response to issues of sustainability
in the context of low-lying coastal cities. As such, especially
given the scarcity of research that integrates resilience and
design, this thesis adds to acadamic scholarship on both
resilience theory in general and landscape architecture.
The system attributes identified in resilience theory (see
e.g. Walker and Salt, 2006; Allan and Bryant, 2011; and
Biggs et al., 2012), complemented by the layer model
theory (Kerkstra, Struik and Vrijlandt, 1976), provided for
the first time a spatial framework for resilience analysis
and design. The framework provides a starting point to
further bridge the gap between resilience and landscape
architecture academics and practitioners. More specifically,
the framework enables them to analyse landscape systems
in a dynamic fashion and accordingly suggest place-specific
design interventions (Allan and Bryant, 2011).
The application of the framework in a case study design
rendered interesting results. The framework provided a
theoretical lense for understanding the social-ecological
system, and guided both the landscape analysis and semistructured interviews. The integration of the concepts of
the adaptive cycle and the layer model into the framework
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proved to be useful tools to examine changes in the AvonŌtākaro river landscape in terms of spatial configuration
and vulnerability (Walker and Salt, 2006). The conceptual
designs that were presented to the interviewees, were
informed by key elements of resilience thinking (Carpenter
et al., 2001). As a result, the interviewees provided
meaningful feedback that could effectively be translated
into the design.
Allan and Bryant (2011, p. 42) already suggested that ''the
real power of the framework as a design tool lies in its
capacity to suggest place-specific design interventions''.
To increase the practical application of the framework in
a design for the Avon-Ōtākaro river, the system attributes
were translated into spatial principles for building resilience
in urban river systems. Specifying these principles was an
essential first step towards operationalizing resilience into
design, and suggesting site-specific design interventions.
Of course, the framework has its limitations, partly due to
the exploratory character of the current research. First of
all, the concept of resilience has been adopted by different
disciplines, resulting in a wide variety of interpretations
and definitions. For example, some disciplines still refer to
the old notion of engineering resilience that is concerned
with fast recovery, whereas other disciplines refer to the
more recent notion of social-ecological resilience (see e.g.
Pendal et al., 2010). Lack of a clear definition complicates
the operationalization of resilience in practise (Carpenter
et al., 2001). Therefore, it is recommended to adopt a
consistent definition of social-ecological resilience across
disciplines.
Second, the system attributes in the framework were not
selected systematically through a literature review and are
still quite general. Therefore, a systematic literature review
could be conducted to help systematically identify system
attributes in scientific literature. Furthermore, future
research should further specify the system attributes,
especially in relation to spatial properties. It would also
be interesting to find out how the system attributes relate
to key aspects of social-ecological resilience, respectively
persistence, self-organization and adaptation.
Third, although the framework provides useful concepts to
guide analysis in landscape architecture, it does not provide

a step-by-step approach to systematically examine socialecological resilience in landscape systems. Therefore,
future research could further improve our understanding
of how to systematically measure resilience in a spatial
context, for example by using the system attributes as
tools for evaluation.
Fourth, because of the exploratory character of the
research, it is recommended to apply the developed
framework and principles to other case studies, to provide
insight into the generalizability of the research results, and
therefore, the validity of the spatial principles for building
resilience in urban rivers. Furthermore, it would be
interesting to see what spatial principles would result from
applying them to different types of landscape systems that
deal with other sorts of shocks and stresses. Insights from
other risk-reduction approaches could also complement
the resilience framework.

8.2.2 METHODOLOGICAL CONTRIBUTIONS
Triangulation in resilience and landscape architecture
research
This thesis employed multiple methods, also known as
triangulation. Using a combination of methods and sources
to answer each question contributed to the credibility and
validity of the research (Creswell, 2013).
First of all, the literature study proved a useful method
to gain insight in the theoretical context and existing
knowledge base of academic research on resilience and
design. Furthermore, it provided a theoretical basis for
analysis and design steps.
Second, the landscape analysis contributed to a
comprehensive understanding of the Avon-Ōtākaro
river landscape system on a variety of scales and time.
Using resilience thinking as a theoretical lense provided
valuable lessons in relation to spatial configurations and
vulnerability to earthquake and flood hazards (Walker
and Salt, 2006). For example, using the adaptive cycle as a
tool to reflect on the development of the area over time,
helped understand what spatial interventions contributed
to increased vulnerability to earthquake and flood hazards.
Third, the semi-structured interviews provided further
insight in the social context of the red zone area. This is
an important step, as social values are often overlooked in
both resilience and landscape architecture practise. Lister

(2007) emphasizes that engaging with local stakeholders
during the design process is essential to building resilience,
as it reveals hidden layers of meaning within socialecological systems, that are crucial in finding sensible
solutions. As such, the interviews proved a useful method
to quickly gain a full understanding of the social context
and provided insights that would not have been identified
without consulting people along the way. For example, the
fact that local communities are reluctant against urban
development within the red zone area and the importance
of mahinga kai to the maori culture.
Fourth, design is used as a research method throughout the
entire process, but in particular during the development
of the concept designs, design guidelines and regional
design. Using design as a research method contributed to
the development of practical solutions.
Overall, the employed research design delivered a
comprehensive understanding of the problem at hand,
which set the basis for suggesting sensible design
solutions. Thus, it is recommended to employ triangulation
in other research endeavours that investigate resilience in
landscape architecture design.
Yet, the employed methodology has its limitations. Firstly,
as stated in the previous section, a systematic literature
review could further contribute to a full understanding of
the system attributes and their relation to spatial properties
in social-ecological systems. Secondly, the concept designs
were developed in an early stage of the research process
and therefore based on a preliminary understanding of
the theoretical and case study context. As a result, they
are not directly related to the system attributes or spatial
principles. Furthermore, the topic list of the interviews
was not a one-to-one translation of the spatial principles.
Therefore, it is recommended to conduct to a larger extent
theory-based interviews. In future research, it might also
be interesting to involve academics from other design
and research disciplines, such as urban designers and
hydrologists.

8.2.3 PRACTICAL CONTRIBUTIONS
Design guidelines for a resilient Christchurch
First of all, this thesis provided a set of place-specific design
guidelines for enhancing social-ecological resilience in
Christchurch. The guidelines provided a useful toolbox for
suggesting design interventions in the Avon-Ōtākaro river
red zone. The large-scale guidelines (1-11) ensured that
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proposed design interventions were sensible to the city
context, which is crucial to resilience building. Since these
guidelines are quite general, some might be applicable to
other locations. For example, a Green city network (DG2)
contributes to enhancing resilience in almost any type
of urban system. However, the way that these networks
are connected might be different when applied to other
locations. The small-scale design guidelines (12-27)
ensured that proposed design interventions were sensible
to place-specific characteristics of the red zone area.
Most of these are site-specific, but might be generalized
for application in other locations. For example, Red zone
remnants (DG 25) proposes the use of historical landscape
features as a way to create place identity. To ensure their
validity, the guidelines need to be further elaborated
in collaboration with practitioners on the ground (e.g.
hydrologists, ecologists, urban designers) and applied to
other case studies. Subsequently, the design guidelines
need to be tested in real life and reflected upon.
Second, the application of the design guidelines resulted in
a coherent large-scale design strategy for the development
of an urban park along the Avon-Ōtākaro river. Through
embracing ecological variability and encouraging humannature interactions, the design enhances the capacity of
the landscape to absorb disturbances, while also providing
space for self-organization and continuous adaptation
on smaller scales. Although it is emphasized that this is
not a fixed masterplan, these types of large-scale design
proposals are necessary to showcase possibilities and to
initiate change. Of course the design needs to be further
elaborated through subsequent phases of reflection and
design, in which both experts and local communities
are included. Furthermore, detailed site designs are
recommended to test the practical application of the
guidelines on smaller scales.
Third, the landscape analysis and semi-structured
interviews that preceded the development of the design
guidelines, provided useful information, not only for this
design assignment but also for other related projects in
Christchurch. Through transcribing the interviews, this
information is well documented and available for future
use (Transcription interviews, 2019). This might prove
valuable in future design projects within the area or other
places that face imminent threats and forced retreat.
Fourth, this case study design contributes to our general
knowledge on how to address hazard risk and climate
change, and how to enhance social-ecological in low-lying
coastal cities around the world. As already stated by Copley
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et al., 2015 (p. 70), ''Christchurch’s sudden shift into being
a much more watery place provides real-time modelling of
the massive environmental change that is imminentaround
the world, including the higher frequency of storm events
and impacts of sea level rise.'' Therefore, the insights that
resulted from this case study design are invaluable to
address climate change and search for appropriate design
solutions for dealing with natural hazards. This might help
to detect vulnerability in coastal cities at an earlier stage
and prevent similar disasters like the one in Christchurch.
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APPENDICES
APPENDIX A
Reflective design model

Theoretical contextualisation
Evaluating
models

Matching
assignment and site

Design principles
Assignment
analysis
Program
Environment/
Practices
Analysis
Shape
Landscape
analysis
Location

reflection

Precedents /
Models

PLAN

Prototypical
solutions

divergence

convergence
Narrative contextualisation

Reflective design model (Etteger, 2017)
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APPENDIX B
Site visits

SITE VISIT 1

26-07-2018

Start: Durham Street South (Central City) - 11:30
End: Wainoni Road (Wainoni) - 15:00

15.
1. English park (old) - Avon River Precinct
(new) - memorial

2. Avon River Precinct - Maori references - well
maintained

3. Avon River Precinct - Construction surrounded by roads

14.

4. Neighbourhood - less maintenance - no
path

5. Start red zone - historical elements
(cemetery and building) - start Avon Trail

6. Avon river widens - more natural vegetation
and variation

13.

10.

12.

9.
7. Natural - path is red zone - desolated

8. Natural - path is red zone - Richmond
community garden

END

9. Height differences - roads in use

5.

11.

8.

7.
3.
4.
10. Dudley Creek tributary - small stream

11. Bridge Avonside - main connection
Dallington and Linwood

6.

12. Avon broadest point - rowing club - Avon
and Porrit Park - man made 2.

1.

START

13. Recreation route - open landscape

SITE VISIT 2

14. Deeper water - stones

15. Horseshoe Lake - Wildlife habitat

02-08-2018
Start: Pages Road (Aranui) - 14:00
End: Brighton Mall (New Brighton) - 16:30

1. Avon Stream at Riccarton Bush - mostly
inaccessible - Boys and Girls High Schools

2. Cycling and walking paths from Riccarton
Bush to Hagley Park - crossing railroad

3. Mona Vale - English style - romantic benches and meandering pathways

6.
4.

12.

5.
3.

7.
11. 8.
4. Avon Stream widens - Bath house Mona
Vale - flowers

5. Water level difference - Canoe recreation Cristian church

1.
2.

6. Between the English style native plants?

9.
10.

START
&
END
7. Fernery - New Zealand International
Exhibition in Hagley Park

8. Avon River stream at Riccarton Bush shallow water - residential gardens

9. Last remaining podocarp forest - Predator
proof fence

10. Riccarton Bush walkway - nature
experience - not allowed to leave the path

11. Predator proof fence - cat spotted along
the fence

12. Avon Stream - inaccessible - wealthy
neighbourhood
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SITE VISIT 3

11-08-2018

1. Natural river banks - designed path and
elevated - remnants gardens red zone

2. Natural river banks - sediment - remnant
underpass bridge

Start: Pages Road (Aranui) - 14:00
End: Brighton Mall (New Brighton) - 16:30

3. Lake Kate Sheppard - Anzac Drive Reserve
- Mahinga Kai examplar

3.
1.

4.

2.
5.
END

4. Red zone flooded - many birds - wetland lanterns old neighbourhoods

5. Amelia Rogers Reserve - not really
accessible - feeling sea - empty area

15.

6.

6. Avon River wide - empty and unattractive
area - stormwater systems and stopbanks

14.
7.
8.

7. Large red zone area - lots of remnants from
neighbourhood - flooded areas - some cyclists

8. Avon River wide and open - red zone lower
than water - Port Hills in the back

9.

9. Wetland development Bexley - whole
neighbourhood disappeared

START

13.
10.
11.

10. Wetland development Bexley - mainly
under water

11. Wetland development - accessible
pathways - houses with views

12. Estuary - holiday park - recreation

12.

13. Small forest with large strees - lots of birds
- red zone part construction

SITE VISIT 4

14. Avon River wide - wetlands and trees nature experience - boat accessible

15. New Brighton beach - pier - few sand
dunes - not very attractive beach front

03-10-2018

Start: Plover Street (Southshore) - 11:00
End: Kingsford Street (Burwood) - 14:15
8

9
10

6

7
5

4
3

2

0m

200 m

500 m

1 km

1
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APPENDIX C
Concept designs A3 used during semi-structured interviews
THE PARK
CONNECT AND USE EXISTING VALUES
The Avon River zone will be the new city park of Christchurch. The
Park connects to an extensive network of existing parks, sport
fields and nature reserves throughout the city. The green areas
are connected by pathways for walking, cycling and skating,
gaining a more prominent place in a car dominated city. Within
the park, different park spaces give the opportunity for a wide
variation of recreational activities, like leisure, sports and events.
The model builts on existing values, like vegetation and remnants
from previous neighbourhoods. The park should be able to handle
increased water levels at times. Important routes and constructions
should be available at all times, other places could be more
temporal of use.
This model focusses on improving recreational networks and
creating a variety of recreational activities. It builts on existing
qualities and can be implemented in different stages, which
minimizes the costs for the development of the area. Furthermore,
it improves the quality of life in the eastern suburbs and provides
economic opportunities in that part of the city.

Red Zone - Christchurch

Green network - Hamburg

Accessibilty

Tempelhof - Berlin

Sport - Christchurch

Temporary architecture - Christchurch

Resilient by design - San Francisco

Tiny House Community - Christchurch

THE NEW CITY
EXPERIMENTING WITH NEW WAYS OF LIVING
The space along the Avon River gives the opportunity to experiment
with new ways of living in hazard prone environments. What
kind of housing can we think of? They need to be able to adapt
to change and be resilient to floods and earthquakes. Think of
modular, flexible and temporary housing. The red zone provides
the opportunity to create a new city that is resilient to future threads
and sets an example for other coastal cities around the world. It
is important to think beyond the boundaries of the red zone and
consider the development of the city as a whole.
According to the conditions in each area, there are different kinds
of urban development possible. In places that are far above
sealevel, the city could expand. The red zone provides so much
green space, that this could also happen in existing green spaces
like Bexley Park. Within existing urban areas, the city could be
densified at places, while creating more open spaces in other
areas. Within the red zone area, a diverse landscape of housing
is created. For example, temporary housing, tiny houses, elevated
houses, floatable houses etc. This model has economic benefits
and improves the quality of life for eastern Christchurch.

Markeroog - West 8

Floating houses - Lelystad
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WETLANDS RESTORED
SUSTAINABLE ECOSYSTEMS
The Avon River zone provides the opportunity to restore natural
wetlands that used to dominate the Christchurch area before
European settlement. Some areas are permanently inundated,
while others only overflow in times of high water. That way the
wetlands form natural buffers against flooding and provide space to
store water. Furthermore, runoff water from urban areas is naturally
cleaned by the wetlands, improving the water quality of the Avon
River. Surrounding neighbourhoods will benefit from flood safety
and a healthy living environment.
The Avon River regains its dynamic character as it has more space
to flow and possibilities to change its course. The wetlands create
habitats for aquatic birdlife, but also provide opportunities for water
recreation and Mahinga kai. This model focuses on sustainable
management of urban wetland systems, based on Maori values
of natural resources in the Avon River area. The character of the
wetlands changes towards the east, because of influences from
the sea. Furthermore, the area connects to existing and newly
developed wetlands throughout the city.

Recreation - Avon River

Wetlands South New Brighton

Qunli Urban Wetland - China

Mahinga kai - Christchurch

Minghu Wetland Park - China

Agro Food Park - Denmark

Agro Food Park - Denmark

Foraging and education

THE BIG GARDEN
LOCAL FOOD FOR CHRISTCHURCH
The Avon River zone provides space and opportunities for the
development of an urban food park from the city towards the sea.
The landscape consists of different forms of food production on
different scales. Large open spaces can be used for large-scale
food production of different forms, depending on the conditions.
Saline influences from the sea towards the east is used to
experiment with new forms of saline agriculture. Towards the
west, on fertile grounds, there is space for crops and orchards.
Innovation and experimentation are key in this model. On a smaller
scale, connected to surrounding neighbourhoods, there are plots
for community gardens and event spaces. This improves the
connection of residents with the land and their communities.
The food park connects to existing gardens, orchards and
agriculture areas throughout the city. A network of recreation routes
through the area gives the opportunity to experience the variety of
food landscapes. Furthermore, more natural areas are created to
provide opportunities to forage and value Mahinga kai.

Community garden - Christchurch
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Salt water

URBAN NATURE
NATIVE FOREST AND WETLANDS
The Avon River zone provides the opportunity to bring nature back
to the city. Depending on the conditions, a variation of natural
ecosystems will be restored, ultimately leading to a system of urban
forests and wetlands. This system is able to absorb disturbances
and improves the quality of life for Christchurch.
This model focuses on restoring a variation of natural habitats for
indigenous plant and animal species. In order to protect certain
species and provide a natural habitat where they can thrive,
some areas need to be fenced of. These eco-sanctuaries will be
connected with each other by eco-bridges, providing enough
space for animals to move. Recreational routes run through the
urban wetlands and forests outside the fences and elevated walks
give the opportunity to experience these nature reserves. The
landscape is connected to other nature areas throughout the city.

Forest in the City - Bangkok

Podocarp forest - Riccarton Bush

Predator proof fence - Riccarton Bush

Forest Walk - Singapore

Eco-bridge - Singapore

Biofuel and solar energy - NY

Wind energy - Rotterdam

Innovation - Solar Punks

THE ENERGETIC CITY
SELF-SUFFICIENT CHRISTCHURCH
The Avon River zone provides the space needed for renewable
energy landscapes. Think of solar, wind, geothermal and biofuel
resources, but also experimental forms of renewable energy. New
Zealand is now mainly relying on water force energy and over
seas supplies. If these supplies fail, because of a disruption, the
consquences will be dramatic. Generating energy on a smaller
scale providing energy for local use is more sustainble. If a system
fails, the impact will be less big, and the costs to repair smaller.
Christchurch can be an example for self-sufficient cities around the
world.
Besides a source of energy for the city, this innovative landscape
can be used for recreation and education. A network of routes
along the Avon River gives the opportunity to experience the variety
of energy landscapes. Furthermore, the cities public transport
network will be improved by developing a tram system that runs on
locally generated energy. Therefore, people will be less relient on
cars and the city will be a healthier place.

Freshkills Park - New York

Supertree Grove - Singapore
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