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Executive summary
Measures to adapt to climate change are likely to raise important social and cultural issues for Māori.
It is imperative these issues be understood and acknowledged so that responses to the potential
impacts of climate change on critical services for Māori communities such as infrastructure, water
management and public health, are aligned with the values of the people they are intended to help.
Further work is needed to provide critical information that will assist Māori communities and
businesses to make informed decisions about future needs, allocation, and adaptation measures for
marae/whānau/hapū/iwi. In many instances, adaptation to these new climatic conditions will require
additional financial resources and technological capacity that many Māori communities and
businesses do not currently possess (King et al. 2011).
Adaptation requires a focus on the societal context of decision processes (Gorddard et al. 2016) and
is especially true for Māori communities who have a variety of governance and decision-making
structures and processes. In collaboration with the Tangoio Marae community this project developed
and tested the eight step adaptation decision model Te Huringa ki te Rangi – He Rautaki Tāwariwari
to help facilitate the critical conversations required to better understand the impacts, experiences
and risks associated with flooding. Mātauranga Māori, the experiences of the community, and the
latest hydrological modelling were brought together and presented back to the community using a
variety of formats (e.g., flooding history timelines, videos, visualisations of hydrological modelling
outputs). The variety of formats used enabled the wider community, some of whom may have not
experienced extreme flooding events in their lifetime, to better understand the potential
implications of different future climate change scenarios over a range of timeframes. These formats
enabled all generations (i.e., not only the generation who have directly experienced extreme
flooding) of the Tangoio Marae community to better understand how flooding has impacted Tangoio
Marae previously, and therefore participate in the exploration of potential options for the future of
the marae.
The Tangoio community have a clear understanding of the vision and aspirations that they have for
themselves, the marae and their local environment (Step 1). The Tangoio community have developed
a shared understanding of the past and of what the future could bring (Step 2) and identified a range
of potential options for assessment (Step 3). The serious game, Marae-opoly gave the Tangoio Marae
community the opportunity to work through climate change futures and adaptation options and
experiment with different scenarios and decisions (Step 4). This is the first time a serious game has
been developed to support climate change adaptation decision making for a Māori community. As a
process, it enabled in-depth kōrero between players about what adaptation options could be
appropriate to them according to cultural values, their aspirations for the marae and the resources
available. In the words of whānau:
“We learnt a lot, we realise now that this is a complex project, and understanding
the mahi involved it is not as simple as go or stay and that is what we thought,
easy done, so realised that a lot to think about. We had a lot of fun, a lot of kōrero
doing it. We are leaving here with our eyes wide open. (Spokesperson Group 6)
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The project team used all of the information gained in Steps 1–4 to provide an example of how the
knowledge and aspirations of the community could be used to develop adaptation pathway maps for
Tangoio Marae. We understand that the Tangoio Marae community are in the process of considering
the adaptation options proposed in more detail, including building stop banks, lifting building floor
levels, waterproofing buildings, improving site drainage, riparian restoration works, and developing a
response plan and preparedness kit for large storm events.
In collaboration with Maungaharuru-Tangitū Trust (MTT) and the Tangoio Marae community this
project developed and tested a variety of new approaches that have not been drawn together
previously for the benefit of a Māori-driven research need. These transferrable approaches could
support other Māori communities around Aotearoa-New Zealand to plan for, and respond to, climate
change-related risks and impacts.

1

Introduction

Greenhouse gas emissions from human activity has already affected the global climate (IPCC 2014).
Aotearoa-New Zealand is no exception, with many changes in climate already detected and projected
to continue over time (Reisinger et al. 2013; Ministry for the Environment 2016; Royal Society of New
Zealand 2016; Climate Change Adaptation Technical Working Group 2017; Ministry for the
Environment and Stats NZ 2017).
Key trends and projections for Aotearoa-New Zealand (Ministry for the Environment 2016; Bell et al.
2017; Climate Change Adaptation Technical Working Group 2017; Ministry for the Environment and
Stats NZ 2017) include:
•

Higher air temperatures, with a higher proportion of days over 25oC, and a decrease in
frost days. To date, an average temperature increase of 0.9oC has already been
measured.

•

Rising sea-level along coastal margins causing increased coastal erosion and coastal
inundation risk. Between 1915 and 2015, a sea-level increase of around 180 mm has
been measured.

•

Changing rainfall patterns with respect to where (geographic location) and when
(season) rain falls. More frequent weather extremes with higher rainfall intensity,
potentially elevating flood risk in already flood prone catchments and an increased risk
of drought.

These changes are expected to continue in an unpredictable way and will have implications for the
way we live and the things important to us (i.e., marae, housing, farms, public infrastructure,
recreational spaces). The extent and speed of change is dependent on the success of collective
international efforts to mitigate greenhouse gas emissions. Greater mitigation means less need for
individuals, whānau, hapū, communities and business to adapt, but less mitigation will mean more
adaptation will be required (Royal Society of New Zealand 2016). Even if emissions were reduced
immediately, some degree of change is already likely to occur due to historical greenhouse gas
emissions, this is especially true for sea-level rise (Rouse et al. 2016). Consequently, adapting our
communities to a changing climate will be required.

What is adaptation?
Adaptation to climate change is the process of adjustment to the actual or expected effects of a
changing climate on human systems (IPCC 2014). Adjustments can mean many things including
accommodating change, protecting assets, retreating or avoiding existing and new risks (Bell et al.
2017). The overall aim of adaptation is to help individuals, whānau, hapū, communities and
businesses, moderate or avoid any risks, and to utilise any potential benefits from the changing
climate. Most importantly, adaptation helps people to retain things (objects or practices) of value
and importance into the future as the climate changes (Barnett et al. 2015; Rouse et al. 2016;
Tschakert et al. 2017).
Adaptation could entail tweaks and small changes to existing practices and/or systems (i.e.,
incremental adaptation), or fundamental changes and re-design (i.e., transformational adaptation)
(IPCC 2014). It is important to note that adaptation is unlikely to be an “on-off” activity, but rather
the implementation of a sequence of adaptations and actions over time as the impacts and
implications of climate change become more apparent. Sequencing adaptations over time is a
Tangoio Climate Change Adaptation Decision Model
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concept known as adaptation pathways, a conceptual and analytical framework for enabling
adaptation planning and decision-making in response to long-term change1 (e.g., Barnett et al. 2015;
Bell et al. 2017; Lawrence and Haasnoot 2017). Pathways are constructed to maintain a flexibility
between options and to avoid investment in expensive changes until they are required.

Why do we need to adapt?
The argument for adaptation is that by thinking about, and planning ahead to cope with, the impacts
and implications of a changing climate we have a far better chance of retaining the things that we
value and our respective livelihoods (Tschakert et al. 2017). Essentially, because we have taken the
time to think about options and alternatives carefully, rather than just reacting to changes as they
unfold, the risk of making poor choices (often called maladaptation) is reduced.

How do we adapt?
Adaptation requires careful consideration for many reasons, including, it is hard to know what will
change, when it could change, and precisely how it might change. There is no silver bullet, no single
solution. Every community’s situation will be different and require different responses. Any decision
or strategy on how to adapt to the challenges created by a changing climate and changing hazards
requires a conversation involving many parties based on multiple types of information and
knowledge.
There are many ways to adapt and each option has advantages and disadvantages, and certain
options may only work for certain periods of time (lifespans). Furthermore, these options may be
costly to maintain or have an intolerable impact elsewhere. To further complicate matters, these
choices will need to be made about what to protect, for how long, and for whom? Disagreements
over what should occur are very possible (Barnett et al. 2015).

1.1

Adaptation for marae communities: Tangoio case study

The effects of climate change will be observed the length of Aotearoa-New Zealand. This means that
marae and other Māori-owned assets will be affected, especially if they are situated near the coast
or on flood plains (e.g., King et al. 2011, 2012 and 2013). Simply waiting and reacting to an event or
problems as they arise puts important cultural assets and land at risk, and jeopardises what is
possible for future generations.
Adaptation requires a focus on the societal context of decision processes (Gorddard et al. 2016) and
is especially true for Māori communities who have their own decision-making structures and
processes (e.g., whakapapa and tikanga). Tangoio Marae have committed to a process to not only
support more informed decision-making around the future for Tangoio Marae, but to also provide a
roadmap to help other marae/hapū/iwi facing similar challenges of seeking sustainable long-term
development, whilst managing natural hazards and climate change-related risks.
Tangoio Marae is located at Tangoio in the Te Ngarue Stream catchment, one of Hawke’s Bay’s worst
flood zones. The Te Ngarue catchment has been subjected to regular flood events with records
dating back to before 1924 (HBRC 2005). Despite these flood events, the hapū persisted in occupying
Tangoio and erected the first wharenui in the current marae location in the 1920’s and a wharekai in
1955. However, by the 1960’s many whānau were forced to move away from Tangoio due to a series
of devastating floods.
1

For example, see https://coastadapt.com.au/pathways-approach
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Today the Tangoio marae complex remains the centre of the universe for the hapū. The complex is
still used, albeit by fewer whānau and less frequently. Looking forward, the hapū
(Marangatūhetaua/Ngati Tū, Ngāti Whakaari, Ngāi Tauira, Ngāti Kurumōkihi, Ngāi Te Ruruku, and
Ngāi Tahu) and Maungaharuru-Tangitū Trust (MTT) aspire to build a proud, vibrant and modern
marae for present and future generations. In association with their recent Treaty of Waitangi
settlement, MTT in consultation with the hapū developed a strategic plan to assist in "Building a
proud, vibrant and modern Marae" (Figure 1).

Figure 1:
Maungaharuru-Tangitū Trust’s long-term vision and strategic plan 2015-2019. (Source:
http://tangoio.223.165.77.199.sth.nz/wp-content/uploads/2015/12/Strategic-Plan-2015-2019).

The first action the strategic plan identifies is to "confirm a decision regarding the future location and
design of the marae". To move forward with this decision, the people of Tangoio Marae have had the
foresight and courage to discuss and consider the current natural hazard risks the marae is exposed
to and the potential impacts that climate change could have on the marae in its current location.
While under pressure to do something quickly, the Tangoio Marae community are taking a measured
approach to their decision-making. The decision-making process being worked through is one of
many steps they are taking to ensure that their Treaty settlement funds are invested wisely and will
be used to create a legacy that will serve their future generations well.

Tangoio Climate Change Adaptation Decision Model
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2

Project scope and report structure

The “Exploring Coastal adaptation pathways for Tangoio Marae” project was a collaboration between
the people and hapū of Tangoio Marae, MTT and NIWA. The overarching aim of the project was to
develop an indigenous climate change adaptation decision model in the form of a simple flowdiagram that captures the key processes and stages involved for the benefit of Aotearoa-New
Zealand communities facing uncertain and complex climate change impacts. This study was funded
by the Deep South National Science Challenge.
The objective of the project is to “develop a decision-making model using a real-world example of a
community grappling with the challenges and uncertainty of climate change impacts for others to
learn from, adapt, improve and use for their unique situations.” In collaboration with MTT and the
Tangoio Marae community this project responds to the challenges ahead for many Māori
communities facing climate change risks and impacts. The detailed aims of the research were to:
•

share knowledge and build shared understanding about climate change and risk
management

•

identify and appraise ways for marae to adapt to climate change which is similar in
content and intent to other recent guidance (e.g., Bell et al. 2017)

•

help other marae/hapū/iwi facing similar challenges of sustainable development and
managing natural hazards and climate change risks

•

assist the people of Tangoio Marae in identifying, evaluating and reaching an agreed
strategy for their future, and

•

provide a real-world example for other communities to learn from and adopt as
appropriate.

This report details the process that MTT, NIWA and the Tangoio community used to develop and test
an adaptation decision-making model called Te Huringa ki Te Rangi - He Rautaki Tāwariwari (Section
3). The Tangoio community were asked to evaluate the approaches used in this project and this is
summarised in Section 4. A glossary of the Te Reo, and technical terms and abbreviations, used in
this report are provided in Sections 7 and 8 respectively. Supplementary information to inform and
support each step of the decision-making model is provided in the appendices.
This report is an extension of the material contained in the “Te Huringa ki Te Rangi - He Rautaki
Tāwariwari Information Folder” that was distributed to the Tangoio marae community in February
2018. Overall, the content and style of this report has been constructed to support on the ground
adaptation through provision of information and examples, rather than as a technical document. This
approach follows leading international practice regarding adaptation pathways (Barnett et al. 2014;
Bosomworth et al. 2015; Bell et al. 2017).

12
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Developing and testing a decision-making model

Any decisions on how to adapt to the challenges created by a changing climate and changing hazards
requires staged conversations that are informed by multiple information and knowledge sources, and
draw on a variety of specialist expertise (including mātauranga Māori, social science, hydrology,
environmental engineering, strategic planning).
Various processes have been developed by different disciplines around the world to help facilitate
staged conversations and the input of multiple information sources. Multi-step adaptive
management cycles designed to guide structured and iterative decision-making in the face of
uncertainty are commonly used across different natural resource management contexts (e.g.,
freshwater, conservation, fisheries). Adaptation pathways is strategic planning approach that is
increasingly being used in climate and hazards-related decision-making processes. It encourages
participants to consider multiple futures. This means you can see what your options are, how long
these might be effective for and when you might need to change tact. The approach is focussed on
achieving an agreed vision and objectives, through proactive planning that acknowledges that there
are many ways to achieve it. Adaptation pathways also support staged decision-making and
investment. It allows people to plan and know what they can expect to happen when a predetermined trigger arrives (Barnett et al. 2015; Bell et al. 2017; Lawrence and Haasnoot 2017).
In this research the project team drew on the key steps typically involved in adaptive management
cycles and adaptation pathways to propose a decision-making model that could be tested with the
Tangoio Marae community. It is similar to the 10 step decision cycle presented in Bell (2017) for
coastal adaptation to climate change. The model entails eight steps: (1) Clarify vision and objectives;
(2) Understand past, present and future; (3) Identify options; (4) Develop potential pathways; (5)
Evaluate pathways; (6) Choose pathway; (7) Implement; (8) Monitor and review. This section
describes each step of the decision model called Te Huringa ki te Rangi – He Rautaki Tāwariwari
(Figure 2) in greater detail.
At the centre of all thinking and decision-making is a clear understanding of the vision and
aspirations that the community have for themselves and their environment (Step 1). The visioning
stage is followed with developing a shared understanding of the past and of what the future could
bring (Step 2). Once an agreed understanding is reached, options to address any current or potential
issues can be identified and assessed (Step 3). These elements enable possible strategies to be
developed, evaluated and for some decisions to be made, implemented, monitored and reviewed
(Steps 4–8).

Naming the model
The project team would like to acknowledge Sam Toka (Waikato, Ngāti Mahuta) for the name ‘Te
Huringa ki te Rangi’.
Te Huringa ki te Rangi – literally translated is “The Changes within the Heavens”. This title reflects
the eternal battle between Tāwhirimātea (god of wind and storms) and Tūmatauenga (the god of
war and of mankind) which followed the separation of Papatūānuku and Ranginui. In the creation
story, the children of Ranginui (the sky father) and Papatūānuku (the earth mother) wished to
separate their parents so that light could come into the world. The only brother who did not agree to
this was Tāwhirimātea who plotted revenge against the other brothers. After defeating Tane-nui-arangi (also known as Tāne Mahuta), Tangaroa, Rongomātāne and Haumia-tiketike, Tāwhirimātea
then turned his wrath towards Tūmatauenga, the one who suggested killing their parents.
Tangoio Climate Change Adaptation Decision Model
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Tūmatauenga stood firm and endured the fierce onslaught of gale force winds, lightning, thunder,
driving rain and hail sent by his brother. Tū cast incantations known as tūā to cause the raging
tempest of the heavens to calm down. His endurance against Tāwhirimātea’s eternal need to seek
revenge is a symbol of mankind’s resilience when faced with extreme adversity. However, this is a
battle that can never be truly won by Tāwhiri or Tū. Tāwhirimātea continues to attack people in
storms and hurricanes, trying to destroy us on sea and land. In return, we must resist, plan,
strategise, and adapt to survive the attacks served us.
He Rautaki Tāwariwari – literally translated is “A Flexible Strategy” and reflects the need for our
planning to be strategic and proactive whilst also having the flexibility to be adjusted to meet
changing circumstances and needs.

Figure 2:
The eight steps of the decision model Te Huringa ki te Rangi – He Rautaki Tāwariwari.
(Graphic: Jackie Colliar, Aarti Wadhwa). The model is relevant to any complex decision-making process
involving competing objectives, uncertainty and the need to adapt to changing circumstances and knowledge.
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3.1

Decision-making processes and participants

Fundamental to any decision-making process is defining who will make what decisions, and what
process will be followed to reach decisions (Bell et al. 2017). This needs to be decided and agreed
upon before proceeding with subsequent steps. Doing this upfront sets clear expectations for all
involved and allows for a robust and inclusive plan to be developed. Questions to consider include:
•

Who will need to be involved? Who are the key people and organisations that need to
play a role?

•

Who will decide? Is everyone eligible to participate in the decision, or will an elected or
self-selected group be mandated with making choices?

•

How will the decisions be made? Will it be by vote? Who can vote? Will a majority or a
consensus be required? At what stage in the process will a vote occur – once or several
times?

•

How will decisions be communicated to marae/whānau/hapū/iwi?

The most appropriate decision-makers and methods will vary between marae/hapū/iwi, and in many
cases will be guided by their constitution, trust deeds, charters and the like. Some of the more
common methods include decisions by consensus or by majority vote of the delegated decision
makers. The delegated decision-makers could be elected representatives including tribal governance
representatives, elders, responsible trustees, executive committee, beneficiaries and/or
shareholders.
Some early thinking about how long the process will take and who might manage the different steps
is also needed (Bell et al. 2017). Questions to consider include:
•

Who will run/manage the process and co-ordinate the various elements?

•

How long will the process take?

•

How will the marae/whānau/hapū/iwi be included and updated?

•

Who will ensure that everyone is heard?

•

What skills and knowledge is needed to complete the process – where and when might
these be accessed?

Tangoio Climate Change Adaptation Decision Model
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3.2

Articulating the vision and objectives

The purpose of this step is to articulate a shared marae/whānau/hapū/iwi vision, collective goals and
aspirations, in this case for Tangoio Marae and the supporting community. Establishing a vision is a
helpful way to think about what is of value today and what could be achieved in the future. Once
described, this can then inform discussions regarding how to manage the risks presented by climate
change to a tolerable level (Tschakert et al. 2017).
To ensure that there is no repetition, all previous material should be reviewed to establish what
vision statements have already been described. Once existing information is reviewed, it is critical
that the interpretation and relevance of the existing information is confirmed with the community
and an agreed vision or set of vision statements and aspirations are agreed by all. The most
appropriate methods of engagement will depend on the community, but could include hui, social
media, surveys, and interviews.
When previous information about marae/whānau/hapū/iwi visions and aspirations do not exist, it
will need to be generated before proceeding with the other steps. Articulating a shared vision can be
achieved through a combination of hui, interviews and online surveys asking questions like:
•

Describe (or draw) your vision for the marae in the future.

•

What does the marae need to flourish?

•

What makes a functioning marae?

•

What activities are important?

•

What legacy do we want to leave our mokopuna?

3.2.1 Tangoio Marae approach
The people of Tangoio Marae formulated a shared vision and collective aspirations. This process
involved a number of activities, including reviewing existing documentation, interactive group
discussions and online surveys. A previous vision established by the people of Tangoio Marae was
identified as part of the review of existing documentation. The previous vision comprised three
components:
1.

Aspirations – dreams or hopes for the marae.

2.

Activities – behaviours and things the people wanted to do at the marae to achieve
their aspirations.

3.

Built-form – spaces, structures, physical things and design features that support
activities and aspirations.

Interactive group-based discussions facilitated during a series of hui was undertaken to confirm the
continued relevance of the vision and aspirations and collated additional new information (Figure 3)
in early 2016. In order to be as inclusive as possible a follow-up online survey was constructed for
those who could not attend the hui in mid-2016. The online survey had two parts, first a marae vision
component (see Appendix A: Marae vision and feedback survey), and second a marae facility
component, which included questions regarding tolerance to flooding and loss of services (see
Appendix B: Marae facilities and tolerance to flood survey). The surveys remained open for several

16
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weeks. All the information gathered through these activities were combined to establish the top
priorities and aspirations for the Tangoio Marae community.

Figure 3:
Exercises used to stimulate interactive group-based discussions during a series of hui (March
2016) to confirm the vision and aspirations of the community for Tangoio Marae.

3.2.2 Tangoio Marae results
The combined results from the hui and subsequent online survey demonstrated that the vision and
aspirations previously developed by the people of Tangoio Marae has altered little from the those
established through their most recent visioning exercise. The combined results also re-affirmed
several key aspects of importance to the people of the marae that centred around a well-functioning
built environment, which supports a flourishing culture and services key activities necessary for
whānau well-being and connectivity to the marae. Importantly, there was a high level of agreement
among the hapū on what is important. The top five priorities in each component of the overarching
vision (i.e., aspirations, activities, built-form) are shown in Figure 4.
The top built-form environment priorities were further explored to better understand the areas that
were considered for the marae to be: (1) essential, (2) nice to have, and (3) not essential (Figure 5).
Once again, there was a high degree of agreement between those who responded to the survey. This
information was presented back at the hui and again during Step 4 (Develop strategies) to allow for
continual reflection on previously stated priorities and aspirations.

Tangoio Climate Change Adaptation Decision Model
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Figure 4:
Top five priorities and aspirations for Tangoio marae collated under each component of the overarching vision (i.e., activities, built-form, aspirations) as
determined by the community (N = 62 respondents) via online surveys.

18

Tangoio Climate Change Adaptation Decision Model

Figure 5:
Top priorities and aspirations for Tangoio marae relevant to the “built-form environment” as determined by the community (N = 62 respondents) via online
surveys. The bars show the percentage of respondents who felt the action, activity or facility was essential (blue), nice to have (orange) or not needed (grey).
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This step is about developing a shared understanding of the past, present and possible future issues.
Furthermore, this step recognises that the past is a very important reference for Māori, for example,
as expressed in the whakataukī – "Kia whakatōmuri te haere whakamua” (My past is my present is
my future, I walk backwards into the future with my eyes fixed on my past).
Reaching a shared understanding of the past and current situation provides an agreed
platform/foundation from which to consider and analyse possible futures and identify and develop
adaptation options and pathways. This step is critical in the adaptation pathways process,
irrespective of the challenges being faced by the community.

3.3

Understanding the past, present and future

3.3.1 Tangoio Marae approach
In the case of Tangoio Marae this step revolved around the impacts, experiences and risks associated
with flooding. The first stage (2a) focussed on historic flooding in the catchment and the impacts it
has had on the marae and local community. The second stage (2b) focussed on the potential
implications of different future climate change scenarios over a range of timeframes. Our
investigations aimed to contribute toward a shared understanding of the nature of the current risk
through:
•

collating, sharing and verifying data and records from historic flooding events

•

weaving historical records with experienced based information and observations
together

•

using computational modelling to assess the potential flooding impacts associated with
different climate change scenarios, and

•

communicating the information in different ways to support learning within the hapū.

Understanding the past
The process toward understanding the past and present flood hazard at Tangoio Marae comprised
two intertwined and complementary knowledge sources: (1) technical information, and (2) lived
experience-based information. Details of the specific methods used to support a shared
understanding of the past, present and current risks are described below.
While technical and historic flooding information is useful, it can sometimes fail to communicate the
social impacts on individuals, whānau and community, particularly to those who have not
experienced them. Consequently, collection and collation of stories and experience of historical
flooding in the valley was needed to help those who have never experienced such an event to begin
to grasp the potential impacts and implications. To this end, kaumātua and others with a long history
of life in the area and some experience of flooding were approached to participate in semi-structured
interviews (Kitchin and Tate 2000; Flick 2009).
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The interviews explored what floods the interviewees had experienced, what happened, what it was
like to be in a flood, how it affected them and their surroundings, what the damage was and how the
clean-up proceeded (see Appendix C: Semi-structured interview questions). With the permission of
the participants, the interviews were videoed, transcribed and formed the base for the creation of a
flood timeline and a short video on experiences of the 1968 flood and 1988 Cyclone Bola. The 1963
and 1988 events were selected because they were the largest events which were vividly recalled.
In order to benefit from the learnings gained of previous technical/scientific studies and the latest
hydrological modelling approaches that are able to draw on historical datasets the project team:
•

collected, collated and shared available flooding records, including photos, written
accounts, technical reports and rainfall data, and sought to facilitate two-way
information transfer with the marae community

•

met with and interviewed members of the marae community to verify the picture of
historic flooding, built up using the available records and to fill gaps in the information

•

used hydrological and hydrodynamic modelling to assist with recognising and
understanding past coastal-river reach processes, hazards and risks. The hydrodynamic
modelling of Cyclone Bola was calibrated against peak water levels obtained from
photographs (during and after the event) and information supplied by individuals who
witnessed the flooding and resulting damage, and

•

used the calibrated coupled hydrological-hydro-dynamic model to assess and illustrate
the potential impacts if sea-level rise and river flooding on Tangoio Marae and
surrounding land, across a range of timeframes and climate change scenarios.

Understanding the future
Future climates and climate-related weather patterns and their impacts are commonly examined
through the analysis of various climate scenarios. The approach taken at Tangoio Marae was no
different. To help define and improve understanding of future risks we:
•

used a range of methods to demonstrate the concept of probability with respect to
extreme rainfall events

•

introduced some of the science around climate change

•

acknowledged the uncertainty around climate change projections, extent and impacts

•

selected several potential climate change futures (Representative Concentration
Pathways, RCPs2) and timeframes to test

•

used the calibrated coupled hydrological-hydrodynamic model to assess the future
risks and issues arising from climate change, and

2

Representative Concentration Pathways (RCPs) are four greenhouse gas concentration (not emissions) trajectories adopted by the
Intergovernmental Panel on Climate Change for its 5th Assessment Report (AR5) in 2014. The pathways are used for climate modeling and
research. They describe four possible climate futures, all of which are considered possible depending on how much greenhouse gases are
emitted in the years to come. The four RCPs, RCP2.6, RCP4.5, RCP6, and RCP8.5, are named after a possible range of radiative forcing
values in the year 2100 relative to pre-industrial values.
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•

focused on the clear trends emerging from the climate change science subject area,
rather than the detailed technical concepts or the results of modelling.

The calibrated coupled hydrological-hydrodynamic model was developed as part of understanding
the past flood risks, but was also used to assess and illustrate (1) projected sea-level rise impacts
across a range of timeframes, and (2) future river flooding coupled with increases in sea-level across
different climate change scenarios. It was recommended that if we are only looking at one
reasonably likely RCP scenario for river flooding, that we look at either RCP 4.5 or RCP 6.0 as they are
more likely at this stage than RCP 8.5, which is akin to no effective control on global emissions and is
now considered less likely in the wake of the 2015 Paris Agreement.
Three scenarios were modelled in this project to investigate the potential impacts that climate
change could have on the peak flood water level in the valley and around the marae (Table 1). The
timeframes investigated were selected to cover short, medium and long-term periods. In accordance
with the climate change scenarios selected for this investigation, increases of 0.2 m, 0.5 m and 1.36
m in sea-level were used3 (Table 1).
The coupled hydrologic-hydrodynamic modelling undertaken as part of this project was not meant to
provide a comprehensive climate change impact assessment. The modelling data provided a point
from which to start a conversation around the key concepts associated with climate change,
potential impacts of climate change on Tangoio Marae and surrounding areas, and the uncertainty
regarding the when and to what extent the impacts may be.
Table 1:
Climate change scenarios used to investigate potential peak flood water levels in the valley and
around Tangoio Marae.

Year

Climate
change
scenario

Assumed sealevel rise (m)

Peak
discharge (at
marae) (m3/s)

Elevation
model

Assumptions

Present

None

None

146

No stopbanka

Bridge blockedb

Bola + Climate
Change Scenario 1

2040

RCP 6.0

0.2

154

With existing
stopbank

Bridge blocked

Bola + Climate
Change Scenario 2

2090

RCP 6.0

0.5

164

With existing
stopbank

Bridge blocked

Bola + Climate
Change Scenario 3

2120

RCP8.5

1.36

160

With existing
stopbank

Bridge blocked

Scenario

Bola

a
, The Bola modelling simulation assumed that the existing stop-bank constructed around the marae site was not in place. Future model
scenarios retain the existing stop-bank around the marae site.
b, The modelling assumes the main Te Ngarue Stream channel is blocked at the Tangoio Settlement Road bridge crossing. Stream channel
blockage was observed at the crossing during the Cyclone Bola event and following smaller flood events as a result of forestry slash, logs
and debris conveyed by runoff, erosion and flood waters from the catchment.

3
For sea-level rise, the added compounding factor is the strong potential for increasing polar ice sheet melting, for which higher sea-level
rise scenarios should be used to stress-test adaptation plans (as per the Ministry for the Environment coastal guidance for local
government).
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3.3.2 Tangoio Marae results
Understanding the past
The intelligence obtained through the process of understanding the past and present issues formed
the basis for assessing future risks and exploring potential options for the future. The collation of
historic flood records and photographs coupled with first-hand accounts spotlighted the frequency,
severity and impacts of flooding in the valley. Digital productions (e.g., animated modelling
simulations) and high resolution static outputs are available on the NIWA website.
The experiences of flood shared through the interviews were emotional and vivid. The first lived
experience of flooding was the most memorable and considered to have the greatest impact on the
individuals interviewed. The information obtained through this stage allowed those who have
experienced flooding at the marae first-hand to share those experiences, and allowed those who
have not experienced flooding the opportunity to do so through the eyes and memories of their
whānau. Several key themes emerged through the interviews, including:
•

impact of flooding on the community, marae and whānau

•

consistency in recollections

•

resilience and strength of the people following repeated impacts of flooding, and

•

what the recovery process involved.

The interviews delivered more than memories or discussions around flooding. They provided a
glimpse into the history and people in the Tangoio Valley, their whakapapa, resilience, humour,
experiences, dreams and aspirations. Recordings of the interviews provide taonga for the whānau of
those interviewed along with the wider hapū. Invaluable information with which to calibrate the
hydrological-hydrodynamic models was obtained through the interviews and background
investigations.
Modelling of a known event extreme event, Cyclone Bola, provided a better understanding of extent
and depth of flooding in the Tangoio Valley (Bind et al. 2018). The modelled peak water depths were
calibarated using photographs in the Tangoio Valley during and after Cyclone Bola and compared
with observations from whānau present at the marae either during Cyclone Bola or soon after the
flood waters receeded. A good level of calibration was achieved between the modelled water levels
and the observations and records available (Table 2). Further details of the hydrologicalhydrodynamic modelling are provided in Bind et al. (2018).
Table 2: Comparison between observed water levels based on participants recollection and evidence of
water damage to buildings and modelled water levels for Cyclone Bola.
Location

Modelled Water Level (m)

Observed Water Level (m)

20.89

20.82–21.14

20.90–21.00

21.14

Front of Tangoio wharenui
Taurima wharea
a,

The Taurima whare neighbours the marae and was the closest building to the stream that had clear evidence of water damage directly
attributable to Cyclone Bola. The water level was visually confirmed by three interview participants.
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Throughout this step we sought to weave the technical and experienced-based information together
to communicate the breadth of knowledge obtained. Calibrating the modelled peak flood levels
against observations improved the levels of confidence in the computational models of the Te
Ngarue Stream and provided a sound base line from which to test different climate change scenarios
(i.e., test the effects of changes to rainfall and increased sea-levels). The understanding obtained
from weaving the complementary technical and experience-based information provided a fuller
picture of the impacts that flooding has had on the community. The knowledge gained through this
process was shared through:
•

hui, wānanga, presentations, papers, posters and plans

•

animated modelling simulations

•

production of mural timeline (Figure 6) to communicate frequency and impacts of
historic flooding in the Te Ngarue Valley and share stories obtained through interviews

•

production of two video vignettes to communicate experiences and impacts of the
1963 flood and the 1988 Cyclone Bola event, and

•

making all the information (including recordings of the hui) available online through
social media sites.

Understanding the future
The modelling results for the different climate change scenarios (including sea-level rise) were not
overly compelling for the existing marae site. The modelling predicted increased peak water levels
further down the catchment, but little change at the marae. Communicating the potential flood risks
associated with the potential climate change futures assessed was achieved through focussing on the
key concepts rather than specific modelling results, i.e., climate change will result in more extremes
in the weather, which amongst many things, means increased risk of flooding in the future.
The information, data, stories, scenarios and models were brought together at a single hui to provide
a seamless and integrated overview of the past and potential future flood events in the valley. This
hui was structured to:

24

1.

Present the information on past flood events and show the timeline and videos telling
stories and experiences relating to major floods in 1963 and 1988 (Cyclone Bola).

2.

Introduce ideas of risk and changing risk using short relatable examples. For example, a
large jar of ping pong balls with set number of white balls and a few coloured ones,
drawn at random to show the probability of an event occurring at any time.

3.

Overview of climate change science and how it is thought to be occurring and to begin
a discussion over what Aotearoa-New Zealand could look like in the future.

4.

Present the future climate change scenario modelling to demonstrate possible future
flood risk in the valley.

Tangoio Climate Change Adaptation Decision Model

Figure 6:
A history of flooding timeline to help communicate frequency and impacts of historic flooding in the Te Ngarue Valley and share stories obtained during hui and
interviews with the Tangoio Marae community. (Graphic: Jackie Colliar, Erika Mackay, Aarti Wadhwa).
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The purpose of this step is to prompt the community to identify options that achieve their
aspirations which include options to mitigate or avoid flood risks, as well as options to upgrade
existing facilities or build new ones. In the case of the Tangoio community, not all of the options
presented sought to solve or reduce the existing flood risk or exposure. At this stage it is important
to consider as many options as possible, even if they seem irrelevant to addressing the risk or hazard
because they may become relevant later in the process.

3.4

Identifying options

3.4.1 Tangoio Marae approach
Through establishing a shared understanding of community aspirations and the existing and future
flood risks, the marae community identified a range of potential options for their marae. The
approaches used to identify potential options included:
•

brain-storming with the community to establish the full suite of options (completed in
the hui for Step 2)

•

site visits and a walk-over with key individuals

•

physical assessment of the area including survey of ground and building levels

•

talking to locals and independent experts, and

•

giving people time to contemplate options, talk to others and provide input.

In order to maintain hapū ownership of the suite of solutions, all the suggested options were
retained throughout the process irrespective of the technical feasibility or practicality for that
location. It is important to note that facility upgrade options, new buildings and purchase of land
were all included as options
Once options were identified, we then sought input to better define the scope of the options. For
example, where facility upgrades were identified as an option to be considered to achieve the marae
aspirations we sought to define the scale and quality of the upgrade to assist with developing
concept design details. Where a new facility or a new marae location was identified as an option, we
sought to define how much land might be needed (or may need to be protected) for the marae.
Input into to defining each option was obtained through an online survey (see Appendix B: Marae
facilities and tolerance to flooding survey) and included questions regarding preferences for size and
type of building upgrades and new facilities. Respondents were also asked to rate the importance of
different options/sizes.
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Once the options were identified and some indication of scale obtained, concept details were
developed. These details included an indicative building footprint and high-level costs estimates. The
concept details were used to prepare the “Options menu” (see Appendices D and E) which is a key
resource for considering the range of pathways in Step 4. Presenting the options in a table form
provided whānau members with easy-to-understand information. It was important to present all the
options identified and to present them in a consistent way (to avoid the perception of bias) and in a
logical order. The level of investigation, methods used and assumptions made to develop options
were highlighted so that people understood the level of uncertainty associated with the information
provided for each option.

3.4.2 Tangoio Marae results
A full suite of options for the future of Tangoio Marae were identified through facilitated discussions
and included engineered solutions for flood protection, marae re-location options, and improvement
of existing marae facilities and infrastructure. The detailed suite of options with indicative cost
estimates, estimated maintenance costs, assumptions, anticipated benefits, and the level of flood
protection provided is presented in Appendix D: Suite of options considered for the future of Tangoio
Marae. The options put forward included (see Appendix D):
•

investing money tagged for the marae for a financial return

•

riparian restoration works

•

lifting building floor levels, or constructing new buildings with elevated floor levels

•

building stop banks

•

developing a response plan and preparedness kit for large storm events

•

waterproofing buildings

•

investing in an Earth Ark, i.e., “Build an ark to carry the marae and all of the whānau”

•

improving site drainage

•

upgrading the existing kitchen, and

•

upgrading marae access.

The investigations completed for this step provided a key input into Step 4 and a starting point for
investigating and developing the options further as part of the decision-making process (Step 5).
Specific options associated with different solutions (e.g., stop banks or new sites) form part of Steps
5, 6 and 7.
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3.5

Assessing options

The purpose of this stage is assembling a range of adaptation options and strategies through a
process that can be intuitively understood by all participants. Many adaptation discussions struggle
during these final stages of the process due to the complex and contested nature of the decisions
and the array of possible alternative options. In order to decide how to adapt to the potential future
impacts of flooding at Tangoio Marae, it is necessary to consider:
•

to what degree the different choices will achieve (or not achieve) the vision and
aspirations of the marae/whānau/hapū/iwi (Step 1)

•

all the reasonable and possible alternatives (Step 3)

•

the robustness of each of these options/strategies given the uncertainty surrounding
future flooding and its impacts (Step 2), and

•

the impacts and implications for the marae/whānau/hapū/iwi for each possible
option/strategy, including doing nothing (elements of Step 2).

The primary method used to facilitate these difficult conversations was a “serious game4” developed
as part of the project. Serious games have been used before to enable discussion and decisions
regarding possible adaptations and sequences of adaptations over time (i.e., adaptation pathways)
(Rijcken et al. 2012; Hill et al. 2014; van Pelt et al. 2015; Lawrence and Haasnoot 2017). In particular,
the Deltares’ Sustainable Delta Game5 was tested with decision-makers seeking to adaptively manage
flood risk the Hutt River Catchment, in Wellington (Lawrence and Haasnoot 2017). Such games help
participants to think through and learn about the complexity of the problem, the benefits and
consequences of different choices over the long-term. In addition, games prepare the initial
groundwork for the development of adaptation pathways through player experimentation with
different decisions and outcomes (Lawrence and Haasnoot 2017).

3.5.1 Tangoio Marae approach
Marae-opoly is a serious game that was designed specifically for Tangoio, to encapsulate the complex
adaptation challenge in a manner which could be understood and played by all participants. It sought
to reflect reality where ever possible and rely on reasonable assumptions were necessary. The
principle aim of the game was to maintain a functioning marae that meets the needs, vision and
aspiration of the whānau/hapū/iwi through making adaptation decisions over a 100-year time frame
4

Serious games are games designed for a purpose beyond pure entertainment. They use the motivation levers of game design – such as
competition, curiosity, collaboration, individual challenge – and game media, including board games through physical representation or
video games, through avatars and 3D immersion, to enhance the motivation of participants to engage in complex or boring tasks. Serious
games are used in a variety of professional situations such as education, training, assessment, recruitment, knowledge management,
innovation and scientific research (Source: http://lexicon.ft.com/Term?term=serious-games).
5 https://www.deltares.nl/en/software/sustainable-delta-game/
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on a set budget. The game was tested and refined with MTT staff and trustees, Tangoio Marae
Trustees and marae members ahead of game play with the wider marae community.
Whānau were invited to a day-long hui on Saturday 11 March to play Marae-opoly. The players were
organised into six small groups and presented with the game material (Table 3, Appendix D, Figure
7). This included a range of options, including: flood mitigation/protection, purchasing new land,
upgrading existing facilities, or developing new facilities either at the existing marae location or on a
new site (Appendix D). Many flood protection options have on-going maintenance costs associated
with them (identified in Step 3). Players were provided with $4 million in play money with which to
pay for their choices and could opt to invest their money (for a fixed return) and insurance could be
purchased if desired. Any choices could be made, provided they were reached by consensus and the
group had the money to pay for choice and afford on-going maintenance costs. The amount of
money provided was based on how much Tangoio Marae could reasonably expect to receive to assist
with flood adaptation.
The game pieces of Marae-opoly are presented in Table 3 and detailed game instructions are
provided in Appendix E. Players were given an hour to familiarise themselves with the material and
make the first set of decisions. Each subsequent decision round took between 20 min and 30 mins.
Decisions were made by the groups over six rounds, in 10-year blocks (between 0–10-yrs and 51–
100-yrs) while a "rainmaker6" was running in the background. Six different rainmakers were
generated based on possible future scenarios, each represented a different possible future based on
the general trends of increased frequency of extreme events. At the end of each 10-year block the
groups were asked to rate their strategy given the flood events of the preceding decade and against
the vision and aspirations of the hapū.
The game was a facilitated process and each group’s decisions were recorded on a large notice board
for other groups (Figure 7) to see and present back to the other participants. The game was played
repeatedly using several different scenarios (rainmakers) to represent different potential and
unknown multiple futures.
Table 3:

Marae-opoly game pieces.
Game piece

Description

GAME BOARD

A map of the marae and surrounds.

CASH

$4,000,000 in pretend money to invest over the next 100 years.

OPTIONS MENU

A menu of options to choose from including flood protection improvements,
to upgrade the marae and options and costs associated with moving the
marae to a new location. The menu describes the options, pros and cons, the
upfront costs, and ongoing maintenance costs.

DECISION & BALANCE SHEET

To track and record your decisions, and cash balance.

6

In Marae-opoly a “rainmaker” is a simulated record of flooding frequency based on local rainfall records, with an allowance for increased
rainfall intensity and flood frequency. The rainfall series for the game played at Tangoio Marae were randomly selected. At the end of each
10-yr block the game facilitator told the groups how many floods had occurred over the time period and then asked the groups to assess
the state of their investments to improve the marae using the emoji lollipops.
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Game piece

Description

EMOJI LOLLIPOPS

To rate how you felt your decisions performed throughout the game. Each
group member will have a set of these.

WHĀNAU WISH LIST ‘GREEN’
CARD

Summary of whānau priorities and aspirations to consider when making your
decisions.

OPERATING & MAINTENANCE
‘ORANGE’ CARD

Details of how operating and maintenance costs will be accounted for.

INSURANCE INFORMATION
‘BLUE’ CARD

Details the cost of insurance and the implications if you chose not to insure
the marae.

FLOOD RELATED
MAINTENANCE COST TABLE

Reference to help you assess flood related maintenance costs associated with
the available options.

3.5.2 Tangoio Marae results
Playing Marae-opoly (Figure 7) enabled key conversations necessary for (hypothetical) adaptation to
occur within each group in a non-confrontational and experimental way. Key questions participants
asked included: What should be done? Why should we do that? When should we act? What order
should we do things? What will whānau think of these decisions? Do we have enough money? What
can the whānau live with?
The game was close enough to reality to reflect the crucial but necessary choices. Each group
approached the simulation differently, some invested, other spent, but they all experimented.
Player’s reflections included:
“Because we weren’t investing any money into the kete, and so our strategy sort of
went a bit hori, spending, spending, spending, then deficit, whoops. For 30 years a
whole generation we went without, but we were still here, we had our land just like our
old people” (Group 1)
“At the beginning we had lots of spending, we got land and infrastructure and a new
marae. We wanted to also protect the current marae, while we had big dreams and
aspirations we wanted to ensure that we could continue as a whānau here and protect
it from what ever happened. We think our strategy did work. However, we could have
done it better and saved ourselves 20 years if we made better decision. We got to many
big dreams up here, and spent too much money and therefore we had a lot of down
time when we only could pay our costs and insurances, so we would definitely change
that” (Group 4)
“Our strategy was to use short term and long-term goals. We looked at investments,
we kept our focus and we considered what we had to work with and the needs of our
people. The short term long term approach gave us time to think about what direction
and having a set budget helped us to realise what we could spend and what we
couldn’t” (Group 2)
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Each group applied a different strategy over the 100-year timeframe and could clearly describe the
reason for the choices, the successes and the mistakes they made. Overall the players expressed that
they enjoyed the game and the key messages regrading adaptation were learnt in a memorable way,
for example:
“It was an awesome way of seeing the bigger picture and what that would look like”.

Figure 7:
Playing Marae-opoly with the Tangoio community. (Clockwise from top left): Marae-opoly game
pieces; Marae-opoly players with emoji sticks; Marae-opoly strategy decision board for six groups (numbered
1-6); and Group of players working through the game.
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The purpose of this step is to narrow down which adaptation strategy or pathway best meets the
visions and aspirations of the marae/whānau/hapū/iwi given the uncertainty surrounding how a
changing climate could, in the case of Tangoio Marae, affect the intensity and frequency of flooding
in the valley. Once a long-list of options and strategies are identified, it is likely that further
investigation will be needed to evaluate them properly and reduce the options being considered. The
types of further investigation needed will depend on the options and could include: (a) Concept or
preliminary design investigations; (b) Discussions with key stakeholders including Territorial Local
Authorities (TLAs); (c) Seeking property advice; and (d) Discussions with external funders.

3.6

Evaluating options and pathways

3.6.1 Tangoio Marae approach
There are several crucial questions to be considered in order to narrow down the multitude of
pathways and options produced during Marae-opoly (Step 4) to a manageable shortlist:
1.

2.
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What strategies and pathways meet the vision and aspiration of the hapū?
1.1

What aspirations could be achieved – what could not?

1.2

What are the benefits of each pathway, for whom and when (in what
timeframe)?

1.3

What at the disadvantages of each pathway for whom and when (in what
timeframe)?

1.4

Is one group within the hapū disproportionately affected?

Technical – what pathways are feasible from a technical perspective?
2.1

What are the most appropriate technical solutions?

2.2

What are the costs of each pathway?

2.3

What is the impact of the option on other values (i.e., aesthetics)?

2.4

Under what conditions would the option fail?

2.5

What is the residual (remaining) risk?
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3.

4.

How flexible are the options?
3.1

Do any of the pathways lock the hapū into a particular option?

3.2

Does the pathway allow the hapū to change their plans as needed?

3.3

Does the pathway disadvantage future generations or restrict their choices in
the future?

How will the pathways be funded?
4.1

How will the pathways be funded over the timeframe?

4.2

Is there still money for other foreseen or unforeseen events or needs (e.g.,
replacement kitchen)?

The process of evaluating each pathway against the set of critical questions might result in some
changes to the short-listed pathways or new pathway options. As part of the evaluation it is
important to decide if you:
•

need to gather extra information (e.g., the cost and location of land to help inform the
decision), and

•

have enough information now to choose one adaptation pathway and move to the
next step in the decision-making process.

Once you have enough information and have firmed up your short-list of potential strategies you can
evaluate them further. The most appropriate evaluation method will depend on several factors
including:
•

the target audience and purpose of engagement

•

who is making the decisions on the strategy, and

•

the risks and financial implications of the decisions.

There are many established methods available to evaluate different options, including pros/cons,
cost/benefit analysis and Multi-Criteria Analysis (MCA). For further information on the range of
methods refer to Bell et al. (2017). Irrespective of the method used, it is important that the overall
strategy is evaluated, rather than the individual options that make up the strategy.

3.6.2 Tangoio Marae results
Initial rounds of Marae-opoly (Step 4) identified several common elements to the strategies being
formed by the Tangoio community as well as several key differences (Table 4). The Tangoio Marae
community are in the process of further investigation to evaluate options and pathways. We
understand that all the options identified in Step 3, except Earth Ark, are being considered in more
detail.
To demonstrate the adaptation pathway approach, we have developed a “short list” of options that
draws on the common features of the strategies formulated through Marae-opoly game play. These
options are provided for demonstration purposes only and have not been developed or agreed by
the Tangoio Marae community. Four possible pathways are shown in Figure 8.
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Table 4:
Common elements and differences across the strategies employed by the groups of Maraeopoly players from the Tangoio community.
Timeframe
Short-term

Commonalities

Differences

Options to protect the existing marae complex.

Sequence of interventions.

Investment in cash and/or land.

$4,000,000 in pretend money to invest over
the next 100 years.

Upgrading the existing marae.

a) Level of investment in the existing marae.
b) Level of investment in cash and/or land.

Long-term

Maintaining insurance to protect existing marae
complex.

To track and record decisions, and cash
balance.

Maintaining insurance to protect assets.

Tolerance to adverse impacts of flooding.

Figure 8 has the different possible flood adaptation options on the vertical axis while the horizontal
axis represents the increasing impacts of flooding associated with a changing climate. The horizontal
axis can be loosely linked with time as the frequency, magnitude and impacts of flooding will likely
increase over time as the climate changes. However, there are no actual time frames on the axis as
the rate of change cannot be predicted. When reading Figure 8, begin from the existing situation.
This situation will continue until a point where the goals and aspirations can no longer be met, once
this occurs a decision must be made as to what happens next. This decision point is represented on
the diagram by a circle. At the decision point it is time to switch to another option. It is very
important to note that many options have finite lifespans. This means that the adaptation option will
only be effective in meeting goals and aspirations while the floods frequency and magnitude remain
below a certain number. For example, raising floor levels will work until the flood water can overtop
the new floor, or the flood waters damage essential services and access ways and it becomes too
expensive to keep fixing. Some options will not be effective indefinitely. The value of using pathway
maps is that the different options are mapped out, which helps to think through how adaptation can
be staged in response to changing flood frequency and magnitude. It then becomes clear that
options do not have to be applied until they are needed.
In reality, each of the options include investing a portion of the available funds, and some upgrades
of the existing marae facilities – but to keep things simple, these elements are not included in the
hypothetical adaptation pathway map.
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Figure 8:
Example of a hypothetical adaptation pathways map for Tangoio Marae illustrating a short list
of six options, including the existing situation. In the map, starting from the existing situation, the blue lines
represent all of the potential pathways possible and the circles represent the point where a switch to another
option is required. We further explain and build on this adaptation pathway in Figure 9.
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This step involves choosing the preferred adaptation pathway and beginning to define how it will be
enacted over time. This step includes agreeing on trigger points that specify what actions will be
taken and when. While we did not reach this step with the Tangoio Marae community, we have
provided some guidance on Steps 6–8 based on other relevant research (e.g., Bell et al. 2017).
Knowing when to move from one option to another is not easy to define. It is unlikely to follow
prescribed timeframes due to the uncertainty associated with climate change timing, scale and
impact. It is therefore more appropriate to identify triggers on when to act rather than absolute
timeframes. Identifying these triggers requires conversations around what impacts/situations are
acceptable and at what point an agreed action(s) is required.

3.7

Choosing a preferred pathway

As noted in Step 1, defining who the decision-makers are and how the decision will be made is
critical. The most appropriate decision-makers and methods will vary between
marae/whānau/hapū/iwi. Decisions could be made by consensus or by majority vote of the
delegated decision-makers. The delegated decision-makers could be elected representatives
including tribal governance representatives, elders, responsible trustees, executive committee,
beneficiaries or shareholders.
The level of information needed to support the decision-making process and appropriate methods of
evaluating short listed options will depend on the scale of decision to be made and the implications
of those decisions. These factors must be considered on a case by case basis. Common methods used
to identify a preferred pathway for consideration by the decision-makers include: Assessing the
results of the serious game play and community engagement; Cost-Benefit Analysis (CBA); and MCA.
Where an MCA is used, the criteria and their relative importance should be agreed by the community
and sensitivity assessments completed. Typical criteria used in MCA include economic,
environmental, social and cultural matters.
After the preferred pathway is decided, thresholds and trigger points need to be defined.
Thresholds are “events” that should not occur because they affect the values and aspirations in a
way that is considered to be unacceptable. Triggers are the points when it is time to move onto the
next step of the pathway or strategy. For example, it could be when the cost of insurance increases
above an agreed number, or the cost of flood repairs exceed a certain value, or the frequency of
flooding exceeds an agreed number. Trigger points should be set at a level that leaves enough time
to take an action to avoid a threshold. For example, once the trigger value is exceeded there is still
enough time to plan and implement the next step in the pathway/strategy (Bell et. al 2017). How to
define appropriate and relevant trigger points is the subject of on-going research both nationally and
internationally.
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There are the things that can and must be measured and monitored so that trends are picked up
early enough for the marae/whānau/hapū/iwi to decide or take an action to move onto the next part
of the pathway. For example, keeping track of insurance costs, keeping a record of flooding impacts,
etc.
The adaptation pathway needs be clear and well documented and the outcomes integrated into
other marae/hapū/iwi documents, plans and processes. The documentation should describe the
sequence of options that are available to the community to respond to climate change impacts linked
with the agreed trigger points and a monitoring plan.

3.7.1 Tangoio Marae results
To further explain the adaptation pathway approach and the role of triggers, we have developed an
adaptation pathway map (Figures 8 and 9) for demonstration purposes only. This has not been
developed with, or agreed on by the Tangoio Marae community. The example provided in Figure 9
demonstrates how trigger points (Table 5) are represented in the adaptation pathway presented
earlier in Figure 8. This adaptation pathway illustrated in Figure 9 assumes that Option 1 (upgrade
stop bank) from Step 5 is selected as the preferred approach.

Figure 9:
Example of a hypothetical adaptation pathways map for Tangoio Marae illustrating a preferred
pathway from the existing situation to a new marae complex. This adaptation pathway, shown in green,
assumes that option 1 (upgrade stop bank) is selected as the preferred approach, leading over time to the
purchase of new land and buildings and finally to marae relocation. The blue lines are the trigger points where
actions are taken to avoid breaching thresholds. The red circles are the points at which change occurs from
one option in the pathway to another.

In Figure 9, the existing situation might continue until a trigger point is reached, which is indicated by
the blue line. This trigger would be pre-determined and could be could be a flood event, or a near
miss, which affects critical buildings (see Table 5). Once the trigger is reached, actions will be taken
to facilitate a move to the next option, in this case upgrading the stop bank. The trigger point needs
to be set so that there is enough time to complete all the investigations and actions necessary to
implement the action before the threshold is breached, in this case costing and construction of the
stop bank. In Figure 9, this is shown conceptually as the space between the blue line and the red
Tangoio Climate Change Adaptation Decision Model
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circle, where the red circle is the decision point when it is time to move to the next option. The stop
bank will be an effective adaptation option until the flood magnitude increases so that the risk of
overtopping is high or the maintenance costs become difficult to manage reaching a further trigger
point (blue line). At this time other investigations and actions will need to occur to move towards
purchasing new land and buildings.
Table 5:
Marae.

Some of the potential trigger points along a hypothetical adaptation pathways map for Tangoio

Options in adaptation pathway

Trigger point to move to the next step

Implementation actions

• marae access and use affected
more than five times in 12 months
due to flooding, or
• marae building(s) are flooded
above floor level.

• detailed design and
construction of stop bank to
provide more than 1% Annual
Exceedance Probability (AEP)
flood protection, or
• upgrade stop banks.

• land suitable for new marae
development or for investment
becomes available.

• consider purchasing land for
investment (i.e., land banking)
or future development.

Upgrade stop banks

• stop bank overtopped more than
twice, or
• marae buildings are flooded above
flood level, or
• cost of insurance exceeds
$50k/annum, or
• sufficient finances available to fund
purchase of new land.

• identify potential land for
marae relocation, or
• continue to maintain stop
bank and marae,
• confirm availability of funds,
• buy new land.

New buildings

• decisions made on future of
existing marae,
• new marae complex completed.

• move to new marae complex.

Move to new marae complex

NA. Assume new marae is located
outside of flood hazard area.

NA. Assume new marae is located
outside of flood hazard area.

Existing situation
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3.8

Implementing a preferred pathway

This step is all about implementing the decisions on the preferred pathway and associated trigger
points made in Step 6. Several critical actions are required to ensure that the adaptation pathway is
implemented, as agreed, including:

3.9

•

deciding who will take overall responsibility for implementation of the pathway

•

communicating the pathway, triggers and monitoring needs and results

•

integrating the pathway into all relevant marae/hapū/iwi plans, processes and
decision-making

•

confirming the indicators that need to be monitored and recorded to determine if a
trigger point is approaching or has been reached. In defining the trigger points, most of
the indicators that need to be monitored and recorded over time will have been
identified

•

defining who will be responsible for monitoring and recording different indicators and
who will act on the monitoring information, and

•

embedding the pathway into all relevant decision-making processes (including plans
and policies).

Monitoring and review

Adaptation pathways approaches support long-term planning under uncertainty. The use of
adaptation pathways implies a systematic monitoring effort to inform future adaptation decisions.
This monitoring should feed into a long-term collaborative learning processes between multiple
actors at various levels (Hermans et al. 2016).
Monitoring and review of the adaptation pathways are critical to maintain its currency and
relevance. This process is on-going and fundamental to responding to changing needs and
circumstances of the community, as well as new knowledge and experiences as they come to hand.
The decisions made in Steps 7 and 8 also need to be incorporated into an adaptation pathways
document which records the process and decisions made (see Section 3.7).

3.9.1 Tangoio Marae results
Playing Marae-opoly laid the ground work for understanding what thresholds the Tangoio Marae
community had for the frequency and impact of flood events (see Appendix F). This kind of
information can be used to start informing the design of a monitoring programme and the selection
of indicators (Table 6).
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It is important to note that these reported tolerances may change if more frequent flooding does
occur. Principally, as many of the respondents had not experienced such an event and have little
experience to base their response on. This is where monitoring and review becomes necessary to
pick up any changes as people experience real events. Table 7 presents a range of possible indicators
which could be monitored to assist in deciding when to move between the various alternative
options. These options are provided for demonstration purposes only and have not been developed
or agreed by the whānau of Tangoio Marae.
Table 6:
Average reported tolerances to the frequency of flooding impacts by the Tangoio community
as indicated in online surveys (N=138 respondents).
Impacts of flooding

Average frequency that was tolerable to
respondents

Water logged carpark

Once every 2-5 years

Flooded marae grounds

Once every 2-5 years

Flooded and water damaged wharekai

Once every 2-5 years

Flooded and water damaged wharenui

Once every 2-5 years

Flooded and water damaged ablutions

Once every 2-5 years

Asked to help clean up buildings/marae grounds post
flood

Once a year

Asked to contribute pūtea (money) to help clean up
buildings/marae grounds post flood

Once a year

Unable to use facilities due to damage/clean up

Once every 2-5 years

Loss of access to the marae due to flooding

Once every 2-5 years

Damaged marae grounds (i.e., landscaping)

Once every 2-5 years

Cancelled events due to flood damage, waterlogging

Once every 2-5 years

Impact on the urupā (cemetery)

Once every 2-5 years

Kōhanga Reo closed due to waterlogged carpark

Once every 2-5 years
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Table 7:
Examples of some of the indicators and associated monitoring that could give effect to the example adaptation pathway described in Step 6. This information is
provided for illustrative purposes only and has not been developed or agreed by the whānau of Tangoio Marae or MTT.
Indicator

Relevance

Frequency

Monitor

Recording methods

Investment performance.

Monitor availability of funding to implement pathway.

On-going

MTT Board

Hui-a-hapū, annual report.

Hapū vision and objectives.

Is pathway still relevant?

3–5 years

MTT Board

Updated hapū strategic plan.

Progress towards hapū
priorities.

Is pathway giving effect to hapū priorities?

Annual

MTT Board

Hui-a-hapū, annual report.

3–5 years

MTT Environmental
Manager

Hui-a-hapū, special report to
MTT Board.

On-going

Marae Committee

Quarterly monitoring reports and
annual pathway report to MTT
Board.

Annual

Marae Committee

Annual adaptation pathway
report to MTT Board.

Does it need to change?
Do triggers need to change?

Climate science
predictions/developments.

Has the risk of climate change impacts on the marae changed?

Flooding frequency/
duration/impact (e.g.,
damage, inconvenience,
recovery costs).

Have triggers been reached, are they approaching?

Insurance premiums and
cover.

Have triggers been reached, are they approaching?

Surrounding land-use
changes.

Have the risks to the marae changed?

Annual

MTT Environmental
Manager

Annual adaptation pathway to
MTT Board.

Overall pathway.

Is pathway still relevant?

3–5 years

MTT Board

Hui-a-hapū, special report to
MTT Board.

Does the pathway need to be updated?

Are the triggers still appropriate?

Are the triggers still appropriate?

Does documentation need to be updated to reflect actions already
made?

Tangoio Climate Change Adaptation Decision Model

41

4

Evaluation of the approaches used in this project

An evaluation of the approaches used to deliver this project was undertaken at two key points in the
process:

4.1

•

firstly, at the end of the hui designed to discuss historical experience with flooding and
present potential future flood modelling, and

•

secondly after the flood adaptation simulation game (Marae-opoly) hui.

Historical experiences: Past and future floods (Steps 2 and 3)

This hui aimed to provide a forum to explore past experiences with flooding at Tangoio and discuss
possible future risk due to a changing climate (to achieve Steps 2 and 3). The participant evaluation
provided insights into how successful the methods were in terms of conveying the past information
and experiences, and presenting potential future flood risk (Figure 10). Each attendee was provided
with the opportunity to complete an evaluation form (Appendix G) which sought to gauge their
understanding of the research’s purpose, if they felt included and heard, if the methods used had
increased their understanding of the flood risks faced, if the video and data presented contributed
towards this understanding, and their self-efficacy (i.e., belief that their actions can affect a desirable
outcome). The evaluation form comprised both open and closed questions, the latter were ranked on
a six-point Likert scale from 1 (agree) to 6 (disagree).
In general, evaluation form respondents (N=32) understood the purpose of the joint research project
(greater than 85% reported a 3 or less) and were supportive of the decision-making process (greater
than 90% reported a 3 or less). More than 75% of participants felt their ideas and knowledge were
valued (reported a 3 or less). More than 75% of participants felt video had increased their
understanding of what a flood could be like (reported a 3 or less), with more than 80% agreeing that
the video was a good way to help those who had not experienced a flood understand what it could
be like (Figure 10). For example, in the words of whānau:
“Shows the affect it had on people at the time that lived in effected area”
“It (the video) gives a good indication of what happened and what could happen”
“From this presentation/hui we are better able to make informed decisions”
Most hui attendants (more than 85% reported a 3 or less) believed there were things they could to
reduce the effect of floods on the marae and would take part in further hui to prepare. The more
negative responses were from a very small number of participants who consistently disagreed with the
activities on the day.
This evaluation reveals several key details; first the approach applied to complete Steps 2 and 3
achieved the desired outcome regarding effective communication of past and potential future flood
risk. Second that the hui participants felt their ideas were valued and heard, which is a critical
element of any decision-making process. Finally, the participants felt empowered to act to reduce
their expose to flood in the future. In short, the aims of the hui designed to discuss historical
experiences with flooding and present potential future flood modelling were achieved, and the
ground work for the next stage (Step 4) was established.
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4.2

Flood adaptation simulation game (Marae-opoly) hui (Step 4)

A second evaluation form was designed to provide insights into how successful the flood adaptation
simulation game (Marae-opoly) was in establishing a place to jointly discuss adaptation issues.
Critical issues for evaluation included, how can the suite of adaptation options enable the vision and
aspirations for Tangoio Marae, what are the benefits and costs associated with each option, and how
can long-term planning occur with existing resources.
The evaluation data suggests the Marae-opoly was very successful with at least 90% of respondents
reporting a 3 or less for each of the questions asked (Figure 11). This clearly demonstrates the value
of developing a fit-for-purpose serious game to create a learning environment where key discussions
occur and experimentation is possible with different options. Most importantly the simulation game
was fun. For example, in the words of whānau:
“I enjoyed the game, I think we leave here with more knowledge, and look forward
to seeing whatever happens” (Spokesperson Group 2)
“We learnt a lot, we realise now that this is a complex project, and understanding
the mahi involved it is not as simple as go or stay and that is what we thought,
easy done, so realised that a lot to think about. We had a lot of fun, a lot of korero
doing it. We are leaving here with our eyes wide open. (Spokesperson Group 6)
The game can (and should) be played repeatedly by the marae community until several clear
strategies or pathways emerge that are robust in multiple possible futures and meet the aspirations
and vision of the iwi/hapū/whānau. As Group 3 pointed out is it very important that the game is
played by many people:
“Different generations can be heard on this kaupapa as well, it is them (rangatahi) who will be
dealing with this, they are important to this process”. (Spokesperson Group 3)
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Figure 10:
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Percentage of the past and future floods hui attendants who agree or disagreed with the 10 statements presented in the post-hui evaluation form.
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Figure 11:

Percentage of the Marae-oploy hui attendants who agree or disagreed with the 10 statements presented in the post hui evaluation sheet.
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5

Conclusions

Aotearoa-New Zealand is subject to a changing climate. These changes in climate are already
detected and projected to continue over time and in an unpredictable way. A changing climate will
have implications for the way we live and the things important to us. Consequently, our communities
will be required to adapt to a changing climate. Māori-owned assets (e.g., marae, land, businesses,
waterways) will be affected by climate change, especially if situated near the coast or on flood plains.
The ‘Exploring coastal adaptation pathways for Tangoio Marae’ research project developed and
tested a decision-making model called Te Huringa ki te Rangi – He Rautaki Tāwariwari with the
Tangoio Marae community. This report details the eight steps of Te Huringa ki te Rangi – He Rautaki
Tāwariwari and discusses the results and effectiveness of each step. Embedded in this process is the
serious game, Marae-opoly. The game allows players to work through climate change futures and
adaptation options to test different scenarios and inform their decision-making process.
This report is presented as an illustration of how Te Huringa ki te Rangi – He Rautaki Tāwariwari was
applied at Tangoio Marae. This project provides a real-world example of an indigenous communitydriven adaptation pathway which other Māori and indigenous communities can learn from, adapt,
develop and apply as appropriate. Te Huringa ki te Rangi – He Rautaki Tāwariwari has been
developed in a way which allows other communities to tailor the process to their given
context/needs/aspirations. This report also provides a detailed repository for communities who
would like more information on the serious game developed in this project, Marae-opoly.
The Tangoio Marae community has been grappling with the issues of flooding for decades and have
actively driven and sought to bring in researchers with specialist expertise to help them realise their
strategic goal of a “Building a proud, vibrant and modern Marae” (Figure 1). We recognise that not all
indigenous communities will be starting from this same place, and so we provide some learnings and
reflections below that may assist other groups in the future:
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•

If the climate change or natural hazard risks and issues are not clearly defined, start
the journey by scoping the relevant matters with the individuals/groups/organisations
who initiated the discussion.

•

Do your homework, find out who the key stakeholders are and how the community
has been affected historically. Pull together all the relevant technical information you
can find. Find out who has lived in the area for generations, and try to find them and
talk to them about their experiences of the hazards. Talk to your local authorities, Civil
Defence, and other government authorities.

•

Where limited technical information is available, start scoping the work that may be
required to inform the decision-making processes. Talk to others who have worked
through or are working through a similar situation. Find out what they did, what
technical expertise they may have brought in to assist. Talk to local authorities, Crown
Research Institutes, Tertiary Institutions, and find out what relevant work they have
done or are doing in the area. Look at opportunities to use and build on existing work
and the learnings of others.
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•

After all the ground work is done and you have some understanding of the past and
current risks and issues, communicate them through stories or narratives. Where
possible let those people who have experienced the hazard or the impact first hand
tell the story. If no-one locally has experienced the hazard, draw on the stories of
others in similar situations.

•

Draw rich pictures of the experiences. Information with which to tell the narrative
could be obtained through existing records (e.g., literature, stories, video, songs etc.,)
interviews, wānanga or through conversations at the kitchen table.

•

The elected or self-selected group driving the adaptation discussions could under take
the initial brainstorm and present to the wider community for confirmation and
additions.

•

A tailor-made serious game is not the only way to develop different adaptation
pathway options:
−

Other approaches can be used provided they: Allow for a future focus; Provide for
a flexible sequencing of actions/decisions over time; Recognise the benefits and
disadvantages of each alternative; and discuss and consider the inherent tradeoffs between different goals and aspirations across different generations.

−

Other approaches could include: Playing other different serious games - Although
many of them are more abstract and general, they are effective in conveying the
key adaptation principles; Holding wānanga to discuss the possible adaptation
pathways; or Engaging consultants to form the different adaptation pathway
options.

Every climate change adaptation process and pathway will be slightly different to suit the local
context. However, this report has provided a starting point and preliminary resources for those at
the beginning of their own journey. The area of climate change adaptation continues to grow in
prominence in development practice and scholarship internationally. For example, there is a growing
amount of literature being generated on the limits, thresholds, constraints, barriers and frontiers of
adaptation, that are social, cultural, economic and political, as well as biophysical (Webber 2016).
The lessons and guidance available for communities is increasing so taking the time to review the
latest literature and current best practises from around the world before starting a new climate
change adaptation project is advisable.
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Further information

Further information about this project and additional resources are available online from:
•

www.niwa.co.nz/te-kuwaha/tools-and-resources, and

•

www.deepsouthchallenge.co.nz

Available resources include:
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•

marae-opoly game material and instructions

•

video productions on the impacts of Cyclone Bola and 1968 Flood events on Tangoio
Marae

•

project presentations, surveys, evaluation forms and feedback, and

•

modelling results and animations.
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Glossary: Te Reo Māori used in this report

Hapū

Is a tribal grouping that consists of whānau who typically share descent from a common
ancestor.

Haumia-tiketike

God of fernroot and uncultivated food.

Hauora

Health.

He Rautaki Tāwariwari

Literally translated is “A Flexible Strategy” and reflects the need for our planning to be
strategic and proactive whilst also having the flexibility to be adjusted to meet changing
circumstances and needs.

Hori

Falsely, mistake, misjudge.

Hui

Meetings, gatherings.

Iwi

Is an extended tribal grouping that consists of hapū or whānau who typically share
descent from a common ancestor and associate with a distinct territory.

Kaumātua

Elders.

Kaupapa

Topic.

Kāuta

Cookhouse.

Kete

Kit, basket.

Kōhanga Reo

Māori language pre-school.

Kōrero

Speech/speak, narrative, story, news, account, discussion, conversation, discourse,
statement, information.

Māori

Indigenous people of Āotearoa-New Zealand.

Māra kai

Vegetable garden and orchards.

Māra rongoā

Medicinal garden.

Marae

Typically refers to the complex of facilities, including the marae ātea, wharenui and
wharekai.

Marae ātea

Courtyard, open area in front of the wharenui where formal welcome to visitors takes
place and issues are debated.

Mātauranga Māori

Is a holistic perspective encompassing all aspects of knowledge and seeks to understand
the relationships between all component parts and their interconnections to gain an
understanding of the whole system. It is based on its own principles, frameworks,
classification systems, explanations and terminology. Mātauranga Māori is a dynamic
and evolving knowledge system and has both qualitative and quantitative aspects.

Mokopuna

Grandchildren.

Ngā Aronga Nui

“Focus areas and initiatives” (Source: http://tangoio.223.165.77.199.sth.nz/wpcontent/uploads/2015/12/Strategic-Plan-2015-2019.pdf)

Paepae

Orator’s bench.

Papakainga

Form of housing/habitation development which occurs on multiply-owned Māori land.

Papatūānuku

The earth mother.

Pōwhiri

Welcome ceremony on a marae.

Puāwaitanga o te
Puawānanga

“Living our Dreams” (Source: http://tangoio.223.165.77.199.sth.nz/wpcontent/uploads/2015/12/Strategic-Plan-2015-2019.pdf)

Pūtea

Money.

Rangatahi

Youth.
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Ranginui

The sky father.

Rongomātāne

God of the kūmara and cultivated foods.

Tamariki

Children.

Tane-nui-a-rangi (also
known as Tāne Mahuta)

God of the forests and birds.

Tangaroa

God of the sea.

Tangihanga

Funeral.

Taonga

An object or natural resource which is highly prized.

Tāwhirimātea

God of wind and storms.

Te Huringa ki te Rangi

Literally translated is “The Changes within the Heavens”. This title reflects the eternal
battle between Tāwhirimātea (god of wind and storms) and Tūmatauenga (the god of
war and of mankind) which followed the separation of Papatūānuku and Ranginui. In
the creation story, the children of Ranginui (the sky father) and Papatūānuku (the earth
mother) wished to separate their parents so that light could come into the world. The
only brother who did not agree to this was Tāwhirimātea who plotted revenge against
the other brothers. After defeating Tane-nui-a-rangi (also known as Tāne Mahuta),
Tangaroa, Rongomātāne and Haumia-tiketike, Tāwhirimātea then turned his wrath
towards Tūmatauenga, the one who suggested killing their parents. Tūmatauenga stood
firm and endured the fierce onslaught of gale force winds, lightning, thunder, driving
rain and hail sent by his brother. Tū cast incantations known as tūā to cause the raging
tempest of the heavens to calm down. His endurance against Tāwhirimātea’s eternal
need to seek revenge is a symbol of mankind’s resilience when faced with extreme
adversity. However, this is a battle that can never be truly won by Tāwhiri or Tū.
Tāwhirimātea continues to attack people in storms and hurricanes, trying to destroy us
on sea and land. In return, we must resist, plan, strategise, and adapt to survive the
attacks served us.

Te Reo Māori

Māori language.

Tikanga

Correct procedure, custom, habit, lore, method, manner, rule, way, code, meaning,
plan, practice, convention.

Tūmatauenga

The god of war and of mankind.

Urupā

Cemetery.

Wānanga

Learning, workshop.

Whakapapa

Genealogy, lineage, descent, ancestry.

Whakataukī

Proverb.

Whānau

A family group that consists of individuals who typically share a common whakapapa
and identify with a common living or recent ancestor.

Whare

House.

Whare taonga

A building/room for hapū treasures and archives.

Wharekai

Dining room.

Wharemoe

Building for sleeping.

Wharenui

Meeting house.

Wharepaku

Toilets, ablutions.
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Glossary: Abbreviations and scientific terminology used in this
report

Adaptation

The process of adjustment to actual or expected climate and its effects. In human
systems, adaptation seeks to moderate or avoid harm or exploit beneficial
opportunities. In some natural systems, human intervention may facilitate adjustment
to expected climate and its effects.

Adaptations to climate
change

Undertaking actions to minimise threats or to maximise opportunities
resulting from climate change and its effects.

Adaptation pathways

A conceptual and analytical framework for enabling adaptation planning and decisionmaking in response to long-term change.

Annual Exceedance
Probability (AEP)

The probability of a given event (e.g., flood or sea level or wave height) being equalled
or exceeded in elevation, in any given calendar year. AEP can be specified as a fraction
(e.g., 0.01) or a percentage (e.g., 1%). For example a 1% AEP flood has a 1 in 100 chance
of being exceeded in any one year. A 10% AEP flood has a 1 in 10 chance of being
exceeded in any one year.

AR5

5th Assessment Report of IPCC – published in 2013/14 covering three Working Group
Reports and a Synthesis Report.

Average Recurrence
Interval (ARI)

Is the likelihood of occurrence, expressed in terms of the long-term average number of
years, between flood events as large as or larger than the design flood event. ARI is also
known as Return Period and is equal to the inverse of probability. A so-called 100-year
flood does not mean that there is exactly one flood of this size every 100 years. It
means that there is a 1 in 100 chance in any given year that a flood of this size or bigger
will happen; it is therefore more correctly called a 1% AEP flood.

Climate change

Climate change refers to a change in the state of the climate that can be identified (e.g.,
by using statistical tests) by changes in the mean and/or the variability of its properties,
and that persists for an extended period, typically decades or longer. Climate change
may be due to natural internal processes or external forcings such as modulations of
the solar cycles, volcanic eruptions and persistent anthropogenic changes in the
composition of the atmosphere or in land use. (For more information see:
https://www.mfe.govt.nz/climate-change).

Climate change scenario

A plausible and often simplified representation of the future climate, based on an
internally consistent set of climatological relationships that has been constructed for
explicit use in investigating the potential consequences of anthropogenic climate
change, often serving as input to impact models. Climate projections often serve as the
raw material for constructing climate scenarios, but climate scenarios usually require
additional information such as the observed current climate. A climate change scenario
is the difference between a climate scenario and the current climate.

Coastal inundation

Is the flooding of coastal lands by raised ocean waters and can be compounded by
flooding in adjacent lowland rivers. Most coastal inundation problems have arisen from
coastal development located in low-lying coastal areas, or areas located too close to the
shoreline to accommodate existing natural changes in shoreline position. (Source:
Ministry of Civil Defence & Emergency Management 2010).

Climate projection

A climate projection is the simulated response of the climate system to a scenario of
future emission or concentration of greenhouse gases and aerosols, generally derived
using climate models. Climate projections are distinguished from climate predictions by
their dependence on the emission/concentration/ radiative forcing scenario used,
which is in turn based on assumptions concerning, for example, future socioeconomic
and technological developments that may or may not be realized.
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Cost Benefit Analysis
(CBA)

A systematic process for calculating and comparing benefits and costs of a decision,
policy (with particular regard to government policy) or (in general) project (Source:
Wikipedia).

Flood risk

Flooding is a natural process which occurs when river levels or lake levels are higher
than the surrounding land, or when stormwater cannot drain away and builds up. Flood
risk is the size of the flood and the damage that occurs from a flood, for instance to
homes or businesses, crops or pasture. Flood risks are different around the country,
depending on the local circumstances. In some areas rainfall is greater, such as the
West Coast of the South Island. In other areas towns and cities have been established
on floodplains. Flooding can have significant consequences for communities and
individuals. These include community trauma and disruption, damage to property and
infrastructure, business losses and economic hardship. (Source:
http://www.mfe.govt.nz/more/natural-hazard-management/flood-riskmanagement/managing-flood-risk)

Greenhouse gases

Greenhouse gases, such as carbon dioxide and methane, act like a blanket around the
Earth. They trap warmth from the sun and make life on Earth possible. Without them,
too much heat would escape and the surface of the planet would freeze. (Source:
https://www.mfe.govt.nz/node/16597)

ha

Hectare.

Hazard

A source of potential harm to people or property. Examples are erosion or inundation.

HBRC

Hawkes Bay Regional Council.

Intergovernmental
Panel on Climate
Change (IPCC)

This body was established in 1988 by the World Meteorological Organisation (WMO)
and the United Nations Environment Programme (UNEP) to objectively assess scientific,
technical and socioeconomic information relevant to understanding the scientific basis
of risk of human induced climate change, its potential impacts and options for
adaptation and mitigation. Its latest reports (the Fifth Assessment) were published in
2013/14.

Impacts (Consequences,
Outcomes)

Effects on natural and human systems. In this report, the term impacts is used primarily
to refer to the effects on natural and human systems of extreme weather and climate
events and of climate change. Impacts generally refer to effects on lives, livelihoods,
health, ecosystems, economies, societies, cultures, services, and infrastructure due to
the interaction of climate changes or hazardous climate events occurring within a
specific time period and the vulnerability of an exposed society or system. Impacts are
also referred to as consequences and outcomes. The impacts of climate change on
geophysical systems, including floods, droughts, and sea level rise, are a subset of
impacts called physical impacts.

Likert scale

A scale used to represent people's attitudes to a topic.

m

Metres.

M

Million.

m²

Square metres.

m3/s

Cubic metre per second.

Marae-opoly

Is a serious game that was designed in this project to encapsulate the complex
adaptation challenge in a manner which could be understood and played by all
participants. It sought to reflect reality where ever possible and rely on reasonable
assumptions were necessary. The principle aim of the game was to maintain a
functioning marae that meets the needs, vision and aspiration of the whānau/hapū/iwi
through making adaptation decisions over a 100-year time frame on a set budget.

MfE

Ministry for the Environment.
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Mitigation (of climate
change)

A human intervention to reduce the sources or enhance the sinks of greenhouse gases.

MTT

Maungaharuru-Tangitū Trust.

Multi-Criteria Analysis
(MCA)

An approach that evaluates multiple conflicting criteria in decision making (Source:
Wikipedia).

NIWA

National Institute of Water & Atmospheric Research.

Projection

A numerical simulation (representation) of future conditions. Differs from a forecast;
whereas a forecast aims to predict the exact time-dependent conditions in the
immediate future, such as a weather forecast a future cast aims to simulate a timeseries of conditions that would be typical of the future (from which statistical properties
can be calculated) but does not predict future individual events.

RCPs

Representative concentration pathways. They describe four possible climate futures, all
of which are considered possible depending on how much greenhouse gases are
emitted in the years to come. The four RCPs, RCP2.6, RCP4.5, RCP6, and RCP8.5, are
named after a possible range of radiative forcing values in the year 2100 relative to preindustrial values (+2.6, +4.5, +6.0, and +8.5 W/m2, respectively).

Risk

The chance of an ‘event’ being induced or significantly exacerbated by climate change,
that event having an impact on something of value to the present and/or future
community. Risk is measured in terms of consequence and likelihood.

Scenario

In common English parlance, a ‘scenario’ is an imagined sequence of future events. The
IPCC Fifth Assessment describes a ‘climate scenario’ as: A plausible and often simplified
representation of the future climate, based on an internally consistent set of
climatological relationships that has been constructed for explicit use in investigating
the potential consequences of anthropogenic climate change, often serving as input to
impact models. The word ‘scenario’ is often given other qualifications, such as ‘emission
scenario’ or ‘socio-economic scenario’. For the purpose of forcing a global climate
model, the primary information needed is the time variation of greenhouse gas and
aerosol concentrations in the atmosphere.

Sea level change

Sea level can change, both globally and locally due to (1) changes in the shape of the
ocean basins, (2) a change in ocean volume as a result of a change in the mass of water
in the ocean, and (3) changes in ocean volume as a result of changes in ocean water
density.

Serious games

Are games designed for a purpose beyond pure entertainment. They use the motivation
levers of game design – such as competition, curiosity, collaboration, individual
challenge – and game media, including board games through physical representation or
video games, through avatars and 3D immersion, to enhance the motivation of
participants to engage in complex or boring tasks. Serious games are used in a variety of
professional situations such as education, training, assessment, recruitment, knowledge
management, innovation and scientific research (Source:
http://lexicon.ft.com/Term?term=serious-games).

SLR

Sea-level rise.

TLAs

Territorial Local Authorities.

Tolerable levels,
tolerable risks

Three categories of risks relevant to climate adaptation can be defined (Dow et al.
2013): (1) Acceptable risks are risks deemed so low that additional risk reduction efforts
are not seen as necessary; (2) Tolerable risks relate to activities seen as worth pursuing
for their benefits, but where additional efforts (adaptations) are required for risk
reduction within reasonable levels; and (3) Intolerable risks are those which exceed a
socially negotiated norm or a value.

W/m2

Watts per square meter (a measure of radiation intensity).
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Appendix A

Marae vision feedback survey
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Marae facilities and tolerance to floods survey
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Appendix C

Semi-structured interview questions

To begin:
• Can you see Tangoio Marae and your house on the map?
• How long have you lived there?
• Can you tell me a bit about your life here?
Floods Timeline:
• Draw a timeline (on blank sheet) and mark what floods you can remember and the ones others
told you about.
Two options – talk about each flood if the participant wishes or ask about the most memorable
flood/biggest flood and Cyclone Bola
Option 1: Ask a few questions about each flood:
• What was it like?
• What happened?
• How big was it? (Where did the water get to physical marker if possible … i.e., use map and/or
door frame, tree)
• What was affected (prompts homes land services (power water supply) foods supply stock?
(map where possible)
• What did you do, how did you cope? (where did you shelter, how did you get around, get
water.
• Did anything change afterwards? (prompts move, banks)
• Who made the decision(s)?
• How did it change? why did it change?
• How did it work out?
• How long did it take to get things back to normal (recovery)?
• What couldn’t you do for a while?
• Any pictures?
• What happened – how long did the water stay around for?
Option 2: Reference specific events:
• What was the most memorable flood – why was that? What happened? (Cover questions from
option 1).
• What was the biggest flood you can remember? (Cover questions from option 1).
• Did you experience cyclone Bola? What happened? Get physical markers for Bola at minimum
(Cover questions from option 1).
Finish up
• What advice/knowledge would you like to pass to others about flooding?
• Is there anything else around floods that you feel is important enough to talk about?
80

Tangoio Climate Change Adaptation Decision Model

Appendix D
OPTION
Insure Marae.

Suite of options considered for the future of Tangoio Marae.
DESCRIPTION
Insure the marae.

ASSUMPTIONS
• That insurance will continue to be
available even if marae impacted by
numerous floods.

INVESTMENT/
COST

MAINTENANCE
COST

LEVEL OF FLOOD
PROTECTION

RECOVERY COST IF
UNINSURED

PROS

CONS

Refer to Insurance
“Blue” card.

Refer to Insurance
“Blue” card.

No change.

Refer to Insurance
“Blue” card.

Offers protection against natural
disasters, fires etc.

Significant expense.

$0

No change.

Refer to Insurance
“Blue” card.

• Investment earns a return.

No improved flood protection.

Refer to Insurance
“Blue” card.

No upfront investment allowing
money to be used for other things.

• Refer to Insurance “Blue” card for
details.
Invest Money.

Do Nothing.

Te Ngarue Riparian
Planting.

Return of $500k for every
$1,000,000 invested over 10year period.

• Simple 5% annualized return.

Min $1,000,000

• Minimum investment of $1,000,000 for
10 years.

($1 Million)

No change from current
situation.

• Buildings can tolerate repeated flood
damage.
• Whānau will pitch in to clean up
following flood events.

$0

• Planting in collaboration with land
owners and HBRC.

$200k

Riparian planting and
restoration of lower reaches of
stream by the marae.

$0

No change.

• Investment can be withdrawn at
the beginning of any 10-year
period.
• No improved flood protection.
• Increased insurance costs if marae
impacted by flooding.
• Costs and effort to clean up marae
after flood events.

• Stream planting fenced to exclude stock.
• Co-funded work with in-kind services
from marae whanāu and others.
• 50% plant survival for 50-yr ARI events.

$50k/10-yr

No change.

Refer to Insurance
“Blue” card.

Plus costs following
floods:

• Potential to reduce stream bank
erosion.

20-yr ARI =

• Improved appearance.

MINOR = $20K

• Whanāu reconnection with
stream.

• 0% survival for 100-yr ARI events.
• Whānau will pitch in to clean up
following flood events.

• Improved stream habitat &
ecological value.

No improved flood protection.

50-yr ARI =
FLOOD = $50K
100-yr ARI=
MAJOR =$100k
> 100-yr ARI =
CATASTROPHIC
=$200k

Stream Maintenance.

As is – keeping the stream free HBRC will continue with existing scheme.
flowing by removing pest
plants (e.g., willows) and
stabilising banks.
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$0

No Change

Refer to Insurance
“Blue” card.

Reduced risk of blockage.

Needed in combination with other
options to improve flood protection.

Appendix D: Continued
OPTION
Lift building floors above
2% AEP (50-year ARI)
flood level.

DESCRIPTION

ASSUMPTIONS

INVESTMENT/
COST

Lift Punanga Te Wao
$1.2M
• Building floor levels can be elevated –
(wharenui), Tangitū (wharekai)
either through re-piling or pouring a new
and Maungaharuru (utility
concrete floor.
building) floors to above the
• Includes an allowance for replumbing
2% AEP / 50-year ARI flood
the ablution facilities in order to lift the
level.
floor level and installing new door ways.
• Whānau will pitch in to clean up the
marae grounds following flood events.
• Buildings can tolerate repeated flood
damage.
• Buildings and site can be restored
following flood damage.

MAINTENANCE
COST
$0
Plus additional costs
following floods:

LEVEL OF FLOOD
PROTECTION
50-yr ARI (2% AEP)
for lifted buildings
only.

RECOVERY COST IF
UNINSURED
20-yr ARI =
MINOR FLOOD=

PROS
Increased level of protection for
lifted buildings.

$20k

100-yr ARI =

50-yr ARI =

MAJOR = $50k

FLOOD = $50k

> 100-yr ARI =

100-yr ARI =

CATASTROPHIC =
$200k

MAJOR FLOOD =

CONS
• Only protects lifted buildings.
• Clean up will still be required for site
and buildings that aren’t lifted.
• Level of protection will reduce over
time as the flood plain and
surrounding land levels increase (as a
result of sedimentation).

$500k
>100-yr ARI =
CATASTROPHIC
FLOOD = $1.5M

Lift building floors above
1%AEP (100-year ARI)
flood level.

Lift Punanga Te Wao
(wharenui), Tangitū (wharekai)
and Maungaharuru (utility
building) floors to above the
1% AEP / 100-year ARI flood
level.

• Building floor levels can be elevated
through re-piling or pouring a new
concrete floor.

$1.7M

• Ablution facilities replumbed to lift the
floor level and new doors installed.
• Whānau will pitch in to clean up the
marae grounds and site following flood
events.

$0
Plus additional costs
following floods:
> 100-yr ARI =
CATASTROPHIC =
$200k

100-yr ARI (1% AEP) 20-yr ARI =
for lifted buildings
MINOR= $20k
only.
50-yr ARI =
FLOOD = $50k
100-yr ARI =

• Buildings can tolerate repeated flood
damage.

MAJOR = $300k

• Buildings and site can be restored
following flood damage.

>100-yr ARI =
CATASTROPHIC
= $1M

82

Tangoio Climate Change Adaptation Decision Model

Increased level of protection for
lifted building.

• Only protects lifted buildings.
• Clean up will still be required for site
and buildings that aren’t lifted.
• Level of protection will reduce over
time as the flood plain and
surrounding land levels increase (as a
result of sedimentation).

Appendix D: Continued
OPTION

DESCRIPTION

Build flood bank to
Build flood bank around entire
protect site in 2% AEP
site (marae, Taurima whare,
(50-year ARI) flood event. carpark, kōhanga reo) to
provide 2% AEP (50-year ARI)
flood level of protection.

ASSUMPTIONS

INVESTMENT/
COST

$700k
• Flood bank (or stop bank) will protect
entire site (marae, carpark, kōhanga) and
surrounding land and tie into the high
points in the state highway.

MAINTENANCE
COST
$100k/10-yr

• Alternatively, the level of the state
highway could be raised to reduce the
length of flood bank required.

Plus additional costs
following floods:

• Transit (NZTA) and Regional Council will
not oppose the proposal.

MAJOR =$50k

• Land access and resource consents to
build the flood banks are obtained.

> 100-yr ARI =

LEVEL OF FLOOD
PROTECTION

RECOVERY COST IF
UNINSURED

PROS

CONS
• Level of protection will decrease over
time as flood plain level builds.

50-yr ARI

50-yr ARI =

(2% AEP)

FLOOD = $20k

• Increased level of protection to
entire site including kōhanga reo,
carpark, Taurima whare.

100-yr ARI =

• Potential to protect lands and
residents surrounding the marae.

MAJOR = $500k

100-yr ARI=

• Requires ongoing maintenance for
continued protection.
• Higher stop bank will require
increased footprint.

>100-yr ARI =
CATASTROPHIC

• Requires resource consent and land
owner approval.

= $2.5M

CATASTROPHIC =
$200k

• Some sections of the existing flood bank
can be built up to provide part of the
new flood bank.

• Larger impacts when more extreme
events occur.

• Stock excluded from stop banks (i.e.,
loss of productive land).

• Space is available to increase flood bank
level and footprint.
• Ignores continued sedimentation of
flood plain and need to increase level in
future.
• Marae responsible for ongoing
maintenance.
• Buildings can tolerate repeated flood
damage.
• Buildings and site can be restored
following flood damage.
Preparedness response
kit.

Response plan and equipment
to protect wharenui in up to
2% AEP (1 in 50-yr) flood
events.

• Whānau will respond and lay out sand
bags when needed.

$100k

• Clean up costs include restocking the kit
and cleaning the site after each event.

$50k/10-yr
Plus additional costs
to replenish kit
following events:

• Preparedness kit will only be effective in
events up to 50-yr ARI.

20-yr = $20K
50-yr = $40K

50-yr ARI (2% AEP)

20-yr ARI =

• Relatively low cost .

• Requires people to maintain the kit.

MINOR = $20k

• Will be useful for small to
medium events.

• Needs people to implement.

50-yr ARI =

• Can be implemented easily if
people are available and respond
quickly enough.

FLOOD = $50k
Refer to Insurance
“Blue” card for:
100-yr ARI =
MAJOR, >100-yr ARI
= CATASTROPHIC
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• Needs fast response by able bodied
people to implement.
• Needs to be fast enough to be
effective.
• Ineffective and potentially dangerous
if people respond to late or there are
not enough people to implement.

Appendix D: Continued
OPTION
Build flood bank to
protect site in 1% AEP
(100-year ARI) flood
event.

DESCRIPTION

ASSUMPTIONS

Build flood bank around entire
site (marae, Taurima whare,
carpark, kōhanga) to provide
1% AEP (100-yr ARI) flood level
of protection.

INVESTMENT/
COST

$1M
• Flood bank (or stop bank) will protect
entire site (marae, carpark, kōhanga) and
surrounding land and tie into the high
points in the state highway.
• Alternatively, the level of the state
highway could be raised to reduce the
length of flood bank required..
• NZTA and HBRC will not oppose the
proposal.

MAINTENANCE
COST

LEVEL OF FLOOD
PROTECTION

RECOVERY COST IF
UNINSURED

PROS

CONS
• Level of protection will decrease over
time as flood plain level builds.

100-yr ARI

100-yr ARI =

(1% AEP)

MAJOR = $20k

Plus additional costs
following floods:

• Increased level of protection to
entire site including kōhanga reo,
carpark, Taurima whare.

>100-yr ARI =

> 100-yr ARI =

CATASTROPHIC

• Potential to protect lands and
residents surrounding the marae.

CATASTROPHIC =
$200k

= $2.5M

$100k/1-0yr

• Larger impacts when more extreme
events occur.
• Requires ongoing maintenance for
continued protection.
• Higher stop bank will require
increased footprint.
• Requires resource consent and land
owner approval.

• Land access and resource consents to
build the flood banks are obtained.

• Stock excluded from stop banks (i.e.,
loss of productive land).

• Some sections of the existing flood bank
can be built up to provide part of the
new flood bank.
• Space is available to increase flood bank
level and footprint.
• Ignores continued sedimentation of
flood plain and need to increase level in
future.
• Marae responsible for on-going
maintenance.
• Buildings can tolerate repeated flood
damage.
• Buildings and site can be restored
following flood damage.
Waterproof the buildings. Engineered water proofing of
wharenui, ablutions and
Maungaharuru whare. Tangitū
cannot be water proofed.

• Punanga Te Wao (wharenui), Tangitū
wharekai) and Maungaharuru (utility
building) can be waterproofed.

$1.5M

$300k/10-yr
Plus additional
costs to reinstate
following events:

• Waterproofing via sprayed liquid
membrane (BEP Blue Barrier), flood
gates for door openings and sealed
vents.

100-yr ARI (1% AEP) 20-yr ARI =
for waterproofed
MINOR = $20k
buildings only

• Only benefits buildings that have
been waterproofed.
• Relatively new technology in NZ.

50-yr ARI =
FLOOD = $50k

50-yr ARI = $10k
100-yrARI = $20k

• Buildings can tolerate repeated flood
damage.

Increased level of protection for
some buildings.

100-yr ARI =

>100-yrARI = $250k

MAJOR = $300k

• Buildings and site can be restored
following flood damage.

>100-yr ARI =
CATASTROPHIC =
$1M

Earth Ark.

Build an ark to carry the marae Ark can be built for $20M.
and all of the whānau.

$20M

$500k/10-yr

500-yr ARI (0.2%
AEP)

N/A

Remove flood risk.

• High cost.
• Impractical.
• Will require people to board the Ark.
• Will need to be fully stocked, ready
to go at all times and may not
provide the functionality a marae
can.
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Appendix D: Continued
OPTION
Drainage Improvement
works.

DESCRIPTION
Improving site drainage to
reduce frequency of nuisance
flooding that currently occurs
on a regular basis.

ASSUMPTIONS
• Flood waters stay within the banks of
the stream in 10% AEP (10-yr ARI) flood
events or smaller.

INVESTMENT/
COST
$200k

• Drainage can be installed to provide 10%
AEP level of service.

MAINTENANCE
COST
Costs to reinstate
drainage following
events.

LEVEL OF FLOOD
PROTECTION

RECOVERY COST IF
UNINSURED

PROS

10-yr ARI (10% AEP) Refer to Insurance
“Blue” card.

• Immediate benefit.

CONS

Will not provide protection for events
• Will reduce frequency of nuisance larger than 10% AEP (1 in 10-year
flood).
flooding.

50-yr ARI = $10k
100-yrARI = $20k
>100-yr ARI= $100k

Upgrade the Marae New kitchen fit out.

Upgrade the kitchen with
complete refurbishment and
appliances.

No changes to existing building structure
or utilities (i.e., power, gas, water,
wastewater).

$350k

$0

No change.

Refer to Insurance
“Blue” card.

Improve function of marae.

No increase in flood protection.

Upgrade the Marae –
Access.

Improve the safety of the
vehicle access into the marae.

NZTA will support improvements to access
safety and contribute toward costs.

$100k

$0

No change.

Refer to Insurance
“Blue” card.

Improve safety of access to the
marae from the State Highway.

No increase in flood protection.

Upgrade the Marae New paepae shelters.

Construct new paepae
shelters.

$40k

$0

No change.

Refer to Insurance
“Blue” card.

Improve function of marae.

No increase in flood protection.

$20k

$0

No change.

Refer to Insurance
“Blue” card.

$600k

$0

N/A – located
outside of flood
hazard area.

$0

Upgrade the Marae - Kids Construct new playground for
tamariki.
Playground.
New Marae – Buy Land.

Buy 3 ha of land in a location
outside of flood hazard areas.

• 3 ha of suitable land is readily available
at $200k/ha.
• New site can be found and consented to
meet the needs of the whānau.

No increase in flood protection.

• Provides opportunity to develop a
marae complex outside of flood
hazard area.

• Need to decide what to do with
existing Tangoio Marae site and
facilities.

• Land could be used for different
purposes.

• May not be large enough to cater for
all whānau aspirations.

• Could be land banked and on-sold
if not required.
Land for urupā.

Purchase 1 ha land for urupā,
fence and create access.

• 1 ha of suitable land is readily available
at $200k/ha.

$300k

$0

N/A – located
outside of flood
hazard area.

$0

Provides more space for whānau.

No increase in flood protection.

$550k

$0

N/A – located
outside of flood
hazard area.

N/A – New facilities
must be insured.

• Provides options for the future.

Need to decide what to do with existing
Tangoio Marae site and facilities.

• New site can be found and consented to
meet the needs of the whānau.
New Marae – Build
Infrastructure.

Build essential infrastructure
at a new site out of the flood
risk area:
- Power
- Water
- Wastewater
- Vehicular access & car park
- Drainage

Tangoio Climate Change Adaptation Decision Model

• Land out of flood risk area has been
purchased.
• Infrastructure has been built at new site.
• Power is available at the building site,
includes new transformer, 150 m cable
to main distribution board.
• 3 x 30ML water tanks and new bore.
• Basic septic tank and dispersal field, free
draining soil with deep water table.
• 150 m long x 3 m wide access road.
• 20 m x 40 m carpark area.
• Good drainage at the new site.

Refer to Insurance
“Blue” card.
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• Opportunity to increase size and
improve function of facilities.

Appendix D: Continued
OPTION
New Ablution Facilities.

DESCRIPTION

ASSUMPTIONS

INVESTMENT/
COST

Build new 16 m x 6 m ablution
facilities.

• Land out of flood risk area has been
purchased and infrastructure has been
built at new site OR space is available at
existing site.

$420k if at new site

MAINTENANCE
COST
$0

$600k if at existing

• Assumes 20% higher cost to build at
existing site due to need to build above
flood level.
Build new 20m x 30m building
with commercial kitchen fit
out.

• Land out of flood risk area has been
purchased and infrastructure has been
built at new site OR space is available at
existing site.
• Significantly larger building than existing
facilities (600 m² v 400 m²).

$2.45M if at new
site

• N/A – located
outside of flood
hazard area.
• If at existing site
assume floor will
be built above
100-yr ARI flood
level.

• Slightly larger facilities than existing (100
m² v 80 m²).

New Wharekai/Kāuta.

LEVEL OF FLOOD
PROTECTION

$0

• N/A – located
outside of flood
hazard area.
• If at existing site
assume floor will
be built above
100-yr ARI flood
level.

$2.95M if at
existing

• Includes dining hall and commercial
kitchen.

RECOVERY COST IF
UNINSURED

PROS

• N/A – New
facilities must be
insured.

• Remove flood risk.

• N/A – New
facilities must be
insured.

• Remove flood risk.

• N/A – New
facilities must be
insured.

• Remove flood risk.

• N/A – New
facilities must be
insured.

• Remove flood risk.

• Reduce insurance costs.

• Provides modern facilities.
• Refer to Insurance
• Opportunity to increase size and
“Blue” card.
improve function of facilities .

• Reduce insurance costs.

• Provides modern facilities.
• Refer to Insurance
• Opportunity to increase size and
“Blue” card.
improve function of facilities.

CONS
Need to decide what to do with
existing Tangoio Marae site and
facilities.

Need to decide what to do with
existing Tangoio Marae site and
facilities.

• Commercial kitchen appliance fit out.
• Assumes 20% higher cost to build at
existing site due to need to build above
flood level.
New Wharenui.

Build new whare 20 m x 10 m
(slightly larger than existing).

• Land out of flood risk area has been
purchased and infrastructure has been
built at new site OR space is available at
existing site.
• Larger shell than existing wharenui (200
m² v 130 m²).

$950k if at new site

$0

$1.15M if at
existing site

• N/A – located
outside of flood
hazard area.
• If at existing site
assume floor will
be built above
100-yr ARI flood
level.

• Interior fit out costs assumed to be
$120k.

• Reduce insurance costs.

• Provides modern facilities.
• Refer to Insurance
• Opportunity to increase size and
“Blue” card.
improve function of facilities.

Need to decide what to do with
existing Tangoio Marae site and
facilities.

• Assumes 20% higher cost to build at
existing site due to need to build above
flood level.
New Utility Building.

Build new wharemoe 15 m x
10 m.

• Land out of flood risk area has been
purchased and Infrastructure has been
built at new site OR space is available at
existing site.
• Smaller than existing utility building (150
m² v 260 m²).

$520k if at new site
$620k if at existing
site

• Assumes 20% higher cost to build at
existing site due to need to build above
flood level.
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$0

• N/A – located
outside of flood
hazard area.
• If at existing site
assume floor will
be built above
100-yr ARI flood
level.

• Reduce insurance costs.

• Provides modern facilities.
• Refer to Insurance
• Opportunity to increase size and
“Blue” card.
improve function of facilities.

Need to decide what to do with
existing Tangoio Marae site and
facilities.

Appendix D: Continued
OPTION
Landscape new marae
complex.

DESCRIPTION
Landscape new complex at a
new site out of the flood risk
area.

ASSUMPTIONS
• Land out of flood risk area has been
purchased.

INVESTMENT/
COST
$250k

MAINTENANCE
COST
$0

• Infrastructure has been built at new site.

LEVEL OF FLOOD
PROTECTION
N/A – located
outside of flood
hazard area.

3 x 2 Bedroom (80 m²) and
3 x 3 Bedroom (110 m²)
Papakainga.

• Development can be sited on marae
land.

$3M

• No allowance for land purchase included
in costs.
• Land development costs, roading, water,
wastewater drainage, carport, chattels
included in costs.

• N/A – New
facilities must be
insured.

Assumed to be selfsustaining/funding.

If at existing site
assume floor will be
built above 100year ARI flood level.

N/A – located
outside of flood
hazard area if
associated with
new marae.
For >100-yr ARI at
existing site
additional recovery
cost of $1.5M.

• Assumes power is available at the site.
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PROS
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CONS
Need to decide what to do with
existing Tangoio Marae site and
facilities.

• Refer to Insurance
“Blue” card.

• Fencing, plantings & gardens, flag pole;
paepae shelters; waharoa; paving.

Small Papakainga.

RECOVERY COST IF
UNINSURED

Could contribute to recreating a
vibrant marae community.

Appendix E

Marae-opoly instructions and game pieces

Introduction
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Game brief
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Game pieces
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Gaming elements
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Forming groups and assigning roles
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How to play
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Game board

Strategy tracking board
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Quick reference menu: Options for the future of Tangoio Marae

96

Tangoio Climate Change Adaptation Decision Model

Tangoio Climate Change Adaptation Decision Model

97

98

Tangoio Climate Change Adaptation Decision Model

Tangoio Climate Change Adaptation Decision Model

99

100

Tangoio Climate Change Adaptation Decision Model

Strategy and recording sheet
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Whānau wish list information cards
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Operating and maintenance costs card

Insurance information card
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Flood related maintenance and recovery costs table
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Flooding strategy cards (N = 27)
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Map overlays (N=8)
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Notes for facilitator
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Appendix F
Survey results data: Marae facilities and tolerance to
floods survey
Question: How often could you live with the following effects of flooding and waterlogging?
Note: The categories aren’t affected a lot by where people lived, how old they were or how often
they used the marae.

Flooded marae grounds
35
30

50%

25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month 1-3 months
year
2-5 years 10 years 50 years 100 yeears

Water logged carpark (124 people)
30

50%

25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears
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Flooded and water damaged wharenui (130
people)
35
30
25

50%

20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month 1-3 months
year
2-5 years
10 years
50 years 100 yeears

Flooded and water damaged wharekai (131
people)
30

50%

25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month 1-3 months
year
2-5 years
10 years
50 years 100 yeears

114

Tangoio Climate Change Adaptation Decision Model

Asked to help clean up buildings / marae grounds
post flood (138 people)
45
40

50%

35
30
25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears

Flooded and water damaged ablutions
30

50%

25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month 1-3 months
year
2-5 years
10 years
50 years 100 yeears

Unable to use facilities due to damage/clean up
(125 people)
30

50%

25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears
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Damaged marae grounds (i.e. landscaping) (129
people)
45

50%

40
35
30
25
20
15
10
5
0

Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears

Asked to contribute pūtea (money) to help clean up
buildings / marae grounds post flood (137 people)
50

50%

45
40
35
30
25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears
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Loss of access to the marae due to flooding (127
people)
30

50%

25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears

Cancelled events due to flood damage,
waterlogging (129 people)
40

50%

35
30
25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3 months
year
2-5 years
10 years
50 years
100 yeears
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Kōhanga Reo closed due to waterlogged carpark
(128 people)

50%

35
30
25
20
15
10
5
0

Once every Once every Once every Once every Once every Once every Once every
month 1-3 months
year
2-5 years
10 years
50 years 100 yeears

Question: How often could you live with the loss of the following utility services at the
marae?

Power cut (137 people)
50
45
40
35
30
25
20
15
10
5
0

50%

Once every Once every Once every Once every Once every Once every Once every
month
1-3
year
2-5 years 10 years 50 years 100 years
months
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Loss of water supply (137 people)
40
35

50%

30
25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3
year
2-5 years 10 years 50 years 100 years
months

Phone outage (135 people)
45
40
35

50%

30
25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3
year
2-5 years 10 years 50 years 100 years
months

Loss of sewer system (138 people)
45
40

50%

35
30
25
20
15
10
5
0
Once every Once every Once every Once every Once every Once every Once every
month
1-3
year
2-5 years 10 years 50 years 100 years
months
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Appendix G
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Evaluation form
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