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Disclaimer

The information in this publication is, according to the Ministry for the Environment’s best
efforts, accurate at the time of publication. The Ministry will make every reasonable effort
to keep it current and accurate. However, users of this publication are advised that:

¢ the information does not alter the laws of New Zealand, other official guidelines, or
requirements

e it does not constitute legal advice, and users should take specific advice from qualified
professionals before taking any action based on information in this publication

e the Ministry does not accept any responsibility or liability whatsoever whether in contract,
tort, equity, or otherwise for any action taken as a result of reading, or reliance placed
on this publication because of having read any part, or all, of the information in this
publication or for any error, or inadequacy, deficiency, flaw in, or omission from the
information in this publication

¢ all references to websites, organisations or people not within the Ministry are for
convenience only and should not be taken as endorsement of those websites or
information contained in those websites nor of organisations or people referred to.
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About this guidance

Why is this guidance required?

Since 2001, the Ministry for the Environment has provided guidance to local government on
adapting to coastal hazards and the risks presented from climate change,® particularly sea-level
rise (SLR). Hazards associated within a complex and dynamic coastal zone, have been an
historic and are an ongoing occurrence for the coastal communities of Aotearoa New Zealand.
Hence, the need to plan for coastal hazards that exist irrespective of climate change and SLR
(ie, cliff collapse, coastal erosion due to changes in sediment supply due to land-use changes,
tectonic activity and so on). There is also a need to plan for the way that coastal hazards that
will be modified and, in most cases, amplified by SLR.

This guidance incorporates the NZ SeaRise research programme’s updated Aotearoa sea-level
rise projections that were released on 2 May 2022. These projections combine the 2021
Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6) sea-level
data (downscaled to Aotearoa), with localised rates of vertical land movement (VLM) around
the coast (Fox-Kemper et al, 2021; Kopp et al, 2023; Naish et al, in review). The result is
estimates of relative sea-level rise (RSLR), or sea-level rise relative to the local landmass. This
information is critical for planning and implementing hazard and risk assessments, as well as
adaptation approaches locally in our complex and dynamic coastal environments.

The NZ SeaRise method represents an emerging scientific approach. While the SLR projections
are based on the same framework used by the IPCC, the satellite-derived estimates of VLM are
new science and cover a relatively short time period (8 years). At the time of publication of this
guidance, the NZ SeaRise method was still under peer review by an international scientific
journal and had not yet been accepted for publication (Naish et al, in review). Further
improvements to the NZ SeaRise projections with new and longer measures of satellite-
derived VLM and other data are already signalled (Levy et al, 2023). Land Information New
Zealand is also set to establish a further six global navigation satellite system stations, which
will result in improved measures of sea level.

The NZ SeaRise method is the only currently available approach for estimating RSLR around the
entire Aotearoa coast under a range of plausible future climate change scenarios. Using
environmental models or approaches like NZ SeaRise, which are emerging science or contain
uncertainties, is deemed appropriate for providing insight into complex systems when they
represent the only available information (MfE, 2023b). ). However, because of the uncertainty
associated with these types of models, it is recommended that they are used alongside
multiple sources of information (MfE, 2023b). Due to the uncertainty associated with the NZ
SeaRise method, particularly with the satellite-derived VLM rates, this guidance recommends a
multi-evidence approach for assessing RSLR. This guidance recommends using these as part of
a precautionary approach alongside a dynamic adaptive pathways planning (DAPP) approach,
which allows for adjusting pathways as new information emerges.

L Climate hazards here are the physical stressors that arise from climate change at the coast. Climate risk is

the potential for adverse consequences for human and ecological systems.
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An overview of changes since the previous update

The 2017 Coastal hazards and climate change: Guidance for local government (MfE, 2017)
introduced advances in assessing hazard, risk and vulnerability; making decisions under
uncertain and changing conditions; using collaborative community engagement; and updated
changes to statutory frameworks. This 2024 guidance revises the 2017 publication with the
following updates:

e advances in SLR science and global projections from the IPCC AR6 (IPCC, 2021, 2022)

downscaling new global projections to Aotearoa by the NZ SeaRise project plus the inclusion of
VLM to produce localised relative SLR (RSLR)? projections®

e advances in knowledge relating to the types of coastal hazards and how they cascade and
compound the effects on the coast

e improved guidance on vulnerability and risk assessment methodology and monitoring
adaptive pathways for adaptation plans

¢ the national adaptation plan (NAP) directions on which climate scenarios to use for hazard
and risk assessment within the resource management system.

The new assessments of the physical science — and of the projected and observed impacts,
adaptation and vulnerability — show that hazards and their risks are compounding near coasts,
estuaries and harbours throughout Aotearoa with impacts cascading more widely. In addition
to the environmental risks, a wide range of social, cultural and economic values are at stake.

The climate and sea level are changing, and the pace is accelerating due to greenhouse gas
emissions warming the atmosphere and melting of the ice sheets and glaciers. There is
growing understanding of the scale and pace of change from ongoing and accelerating SLR and
increased frequency of damaging weather events affecting coastal areas. The National Climate
Change Risk Assessment (MfE, 2020a) identifies coastal hazards — such as coastal flooding and
erosion or landslides, and progressive and ongoing changes (particularly SLR, associated
groundwater rise and in combination with extreme rainfall events) — as some of the most
significant risks for Aotearoa. Risks to coastal ecosystems, low-lying coastal communities and
infrastructure are outlined as three of the top ten most significant risks across multiple
domains, including the natural and built environments, humans and the economy.
Additionally, in its 2050 challenge paper, Local Government New Zealand (LGNZ) highlighted
SLR as one of the main factors that will greatly affect coastal communities (LGNZ, 2016b). The
New Zealand Coastal Policy Statement 2010 (NZCPS 2010, DOC, 2010) provides a directive to
avoid increasing the risk and to plan for at least 100-years in the coastal area. The NZCPS also
includes policies for assessing a range of options for reducing coastal hazard risk to protect
significant existing development (Policy 27, DOC, 2010). Climate change and increasing SLR will
increase the challenges of long-term sustainable management of the Aotearoa coastal area.

Relative sea-level rise (RSLR) is the net sea-level rise (SLR) experienced at local or regional scales from
the rise in ocean mean sea level and the rate of vertical land movement (VLM) (eg, land subsidence
exacerbates the rise in the adjacent ocean).

Disclaimer: Most SLR projections (figures or tables) in this guidance are New Zealand-wide averages and
therefore exclude VLM because it varies significantly (up or down) around the country. Local relative sea-
level rise (RSLR) projections include VLM, unless otherwise stated.
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Coastal hazards therefore require specific guidance and consideration. This is especially
because SLR will continue for at least several centuries under all climate scenarios, even if
greenhouse gas emissions are curbed and the rate of rise and the overall amount of SLR is
slowed. There is an ongoing challenge to manage the transition to more resilient coastal
communities through adaptive planning.

How do I use this guidance?

This guidance follows a 10-step decision cycle (figure 1). The steps allow for both short- and
long-term planning, adaptive pathways and decision-making for coastal areas that are, or
will be, affected by coastal hazards and climate change. Adaptation is an iterative process.
Iterations within the process can be driven by experience of hazard events and observations
of progressive changes, new climate information and projections; reappraising early signals
(warnings) and triggers (decision points); and social, cultural and economic change. The steps
can be worked through either sequentially or in the order that makes best sense for your
specific problem and process, allowing you to loop back to earlier steps if readjustments are
needed. The guidance is intended to help only, and local authorities must use the most
appropriate processes and methods for their region or district.

Broader guidance on the practical steps to take as part of the adaptation process is expected
to be published later in 2024. When this adaptation planning guidance is released, a
condensed technical version of the Coastal Hazards and Climate Change Guidance will sit
alongside it as a companion document.

Guidance abbreviations and terminology

This guidance uses many terms in a defined way that is specific to this subject matter
(examples include ‘adaptation’, ‘dynamic adaptive pathways planning’, ‘projection’, ‘scenario’,
‘uncertainty’, ‘vulnerability’). Please refer to the Glossary of abbreviations and terms for
explanations of our use of such terms in this guidance.

Guidance structure
This publication, Coastal hazards and climate change guidance, is an overview of the 10-step
decision cycle and includes the following appendices:

A: Coastal hazard management case studies

B: Relevant court cases

C: Dynamic adaptive pathways planning approach and addressing barriers to uptake

D: Baseline mean sea level for locations around Aotearoa New Zealand.
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The guidance is structured around five main questions in the 10-step decision cycle.

e What is happening?

e  What matters most?

e What can we do about it?

e How can we implement the strategy?

e How is it working?

Figure 1:

Ten-step decision cycle
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Source: Adapted from Max Oulton (University of Waikato) and UN-Habitat (2014)

Supplements
Two supplements will be published in mid-2024. These are:

e C(Climate change, sea-level rise and coastal hazards science: Coastal hazards and climate
change guidance — Supplement A

e Community engagement principles and approaches, and practice methods: Coastal hazards
and climate change guidance — Supplement B.
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Part A: What is happening?
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1.1 Roles and responsibilities

1.1.1 Users of this guidance

This is a technical document providing national guidance to local and central government, but
also other users outside government. It helps local government to plan for and support coastal
communities — and council assets and services —to manage and adapt to the increasing coastal
hazards and risks from climate change.* It sets out recommended best practice for infrastructure
and new development in coastal areas. National agencies that operate locally, can also use this
guidance where their investment, assets and services are in areas subject to coastal hazards.

4 Coastal areas affected by coastal processes and SLR now and in the future, and includes estuaries, tidal
and rainfall influenced groundwater, wetlands, creeks, lowland rivers and streams, and the adjacent
land margins.
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One of the enduring questions local government faces is how to continue to achieve the
aspirations and values of communities and iwi/hapt, while managing risk and adapting to the
impacts of a changing climate and rising sea level.

This guidance aims to strengthen the integration of coastal hazards and climate change
considerations into land-use planning, resource management, subdivision and building
consenting, asset and flood risk management, infrastructure planning. The guidance can be
used by those who deal with these processes from outside local government: planners,
engineers, lawyers, community engagement facilitators, policy analysts, scientists, insurers,
lenders, and others in the finance sector.

The guidance provides recommended tools to help councils, consultancies and central
government agencies work with affected communities, iwi/hapl and stakeholders during
preparation of vulnerability and risk assessments, adaptive planning and implementation
processes. It sets out principles and approaches for this engagement for and working together
throughout the decision-making process. It is complemented by guidance on the New Zealand
Coastal Policy Statement (NZCPS) 2010 on coastal hazards (DOC, 2017).

Appendix A provides case studies of coastal hazards management as examples of this guidance
in practice.

1.1.2 Legislative responsibilities

Coastal adaptation initiatives will invariably cross territorial boundaries, especially for long,
contiguous coastlines, and cross over the landward boundary of the coastal marine area
(CMA). The Resource Management Act 1991 (RMA) (section 30 and section 31) states that
both regional councils and territorial authorities have functions related to the control of the
use of land to avoid or mitigate natural hazards.

Given these split responsibilities, the statutory context and cross-boundary nature of the
issues, local government is required to take an integrated approach to long-term development
and adaptation in hazard-prone coastal areas and is encouraged to have proactive discussions
about partnering in adaptation responses (see DOC (2017) for further guidance). The risk
assessment processes and outcomes covered in this guidance will be useful for informing
decisions in statutory planning processes regarding significant risk from natural hazards
(identified as a matter of national importance in section 6 of the RMA).

The information, methodologies and approaches in this guidance represent good adaptive
practice. This guidance will remain relevant, regardless of the legislative framework that it
operates within.

Figure 2 shows the main legislation, plans, national policy statements and strategies for
managing natural hazards and climate change impacts in Aotearoa New Zealand. These
instruments stipulate various responsibilities for national, regional, city and district agencies.
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Figure 2:

Step 1: Set the context and prepare
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Table 1 outlines the legislation and main policy instruments used for managing coastal hazards
and the effects of climate change and SLR.

Table 1:

Overview of legislation and policy instruments for managing coastal hazards and the

effects of climate change

Policy instrument Effects on coastal hazard management

Resource Management
Act 1991 (RMA)

The RMA identifies the preservation of the natural character of the coastal
environment and the management of significant risks from natural hazards as s6
matters of national importance. Section 7(i) states that particular regard must be
given to the effects of climate change.

The functions stipulated for regional and district councils require avoidance or
mitigation of natural hazards, including coastal hazards. The RMA does not specify
how to manage the risks from coastal hazards, other than through sustainable
management (s5 and s106).

Section 106 of the RMA gives district councils the ability to refuse subdivision
consent or apply special conditions where land is subject to significant risk from
natural hazards regardless of a district plan’s subdivision provisions. Section 35(5)(j)
of the RMA outlines the duty of local councils to keep records of natural hazards.
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Policy instrument

Effects on coastal hazard management

New Zealand Coastal
Policy Statement 2010
(NZCPS)

The purpose of the NZCPS is to state objectives and policies in order to achieve the
purpose of the RMA in relation to the coastal environment of Aotearoa New
Zealand. The NZCPS is the only compulsory national policy statement under the
RMA and there must be one at all times (s57 of the RMA).

Councils are required to give effect to the NZCPS in their policy statements (s62(3)),
regional plans (s67(3)(b)) and district plans (s75(3)(b)). They must also have regard
to the NZCPS in resource consenting (s104(1)(b)(iv)) and particular regard to it in
respect of designations (s168A(3)(a)(ii) and s171(1)(a(ii)).

One of the goals is to manage coastal hazards and climate change risks to avoid
increasing the risk of adverse effects. The risk from coastal hazards over at least
100 years must be identified.>

The NZCPS does not specify which climate change scenario or SLR projections to
use, or the thresholds for applying different planning responses. However, it does
require identification of areas “potentially affected”, “taking into account national
guidance® and the best available information on the likely effects of climate change
on the region or district” (Policy 24, DOC, 2010).

The NZCPS includes strong policy direction that requires the avoidance of certain
adverse effects in the coastal environment, for example, as may occur through
works proposed to mitigate coastal hazard risk.

The NZCPS also includes strategies for assessing a range of options for reducing
coastal hazard risk to protect significant existing development (Policy 27, DOC, 2010).

Climate Change Response
Act 2002 (CCRA)

The National Climate Change Risk Assessment (NCCRA), developed under s5ZP of
the CCRA, sets out how coastal areas will be affected differentially across Aotearoa
New Zealand in the Method Report and the Technical Report (MfE, 2020b, 2020c).

The national adaptation plan (NAP) (MfE, 2022a), as part of responding to the risks
identified in the NCCRA developed under s5ZP of the CCRA, gives more specific
detail regarding management of coastal hazards than provided in the RMA and
NZCPS. To identify and assess risk from coastal hazards and the effects of climate
change, the NAP stipulates local government should screen for hazards and risks in
coastal areas using SSP5-8.5, and use at least two IPCC climate change scenarios
(SSP2-4.5 and SSP5-8.5) for detailed hazard and risk assessments, adding the
relevant rate of vertical land movement locally. (In addition, the NAP recommends
councils should stress-test plans, policies and strategies using a range of scenarios
as relevant to the circumstances.)

Under the RMA, local government must have regard to the NAP and the Emissions
Reduction Plan (MfE, 2022b) when preparing or changing regional policy statements
(s61(2)(e)), regional plans (s66(2)(g)) and district plans (s74(2)(e)). These provisions
are mandatory considerations for RMA decision-makers, who retain discretion over
how and whether to implement them when making a decision.”

National Planning
Standards

To achieve greater consistency in format and design of policy statements and plans,
a set of national standards has been promulgated and timeframes set for the
update of all plans. The standards stipulate hazard and risk chapters in regional
policy statements, regional plans and district plans. They also contain definitions
relevant to natural hazards management (such as ground level and ground water).

Objective 5 and policies 24 to 27 of the New Zealand Coastal Policy Statement 2010 (NZCPS) are specific to

coastal hazards and climate change risk (DOC, 2010).

National guidance included this Coastal hazards and climate change guidance and NZCPS 2010 guidance

note: Coastal Hazards, objective 5 and Policies 24, 25, 26 and 27 (DOC, 2017). These should be taken into
account under Policy 24 of the NZCPS.

The National adaptation plan and emissions reduction plan: Resource Management Act 1991 guidance note

(MfE, 2022c) has more information on how local government might have regard to the national adaptation plan
and emissions reduction plan in this context.
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Step 1: Set the context and prepare

Policy instrument

Local Government Act
2002 (LGA)

Effects on coastal hazard management

Since the amendment to the Act in 2014, councils are required to prepare and
adopt an infrastructure strategy as part of a long-term plan for a period of at least
30 years (s101B). Climate change effects in coastal areas could be taken into
account in this infrastructure strategy, although potentially limited to significant
hazards.

National Policy Statement
on Urban Development
2020 (NPS-UD)

The NPS-UD requires councils to give effect to the objectives and policies of the
NPS-UD. Objective 8 seeks that urban environments are resilient to the current and
future effects of climate change and Policy 1 identifies that such resilience is a
component of well-functioning urban environments.

Tier 1 and Tier 2 councils are required to prepare and adopt a FDS every 6 years and
in time to inform the next long-term plan. FDS’s form the basis for integrated,
strategic and long-term planning. An FDS helps local authorities set the high-level
vision for accommodating urban growth over the long term and identifies strategic
priorities to inform other development-related decisions. A FDS must be informed
by every other national policy statement under the RMA, including the NZCPS
(section 3.14(1)(f)).

Urban density requirements in Policy 3 for the largest urban centres (Tier 1) can
only be modified to the extent necessary to accommodate a Qualifying Matter (QM)
(Policy 4 and section 3.32). One such QM is a matter required in order to give effect
to any other NPS, including the NZCPS. However, a site-specific analysis is required
to demonstrate where intensification needs to be compatible with the specific
matter, and an evaluation report is required to justify why increased development
is inappropriate (section 3.33).

Other QMs are matters of national importance under s6 of the RMA, including the
management of significant risks from natural hazards, and the preservation of the
natural character of the coastal environment, and its protection from inappropriate
subdivision, use and development.

Building Act 2004

The Building Act requires consideration of the effect of the building work on a
natural hazard, and consideration of how to protect the land, building and other
property when undertaking building work on land subject to a natural hazard. In
some cases, building work can still take place but there may a requirement for a
notice to be placed on the record of title for the property so future owners are
aware the land is subject to a natural hazard. When building on land that might be
subject to a natural hazard, you may need to consider both the requirements of the
resource management system and the Building Act.

The Natural Hazard Provisions guidance (MBIE, 2023), which relates to sections in
the Building Act, includes information on accounting for the impacts of climate
change such as sea-level rise.

Building Code

The Building Code sets clear standards that buildings must meet. When considering
coastal hazards management, the main Building Code clauses that relate to water
ingress will be particularly relevant, these are E1 Surface water, E2 External
moisture, E3 Internal moisture, B1 Structure and B2 Durability.

New Zealand Standard for
Land Development and
Subdivision Infrastructure
(NZS 4404:2010)

The NZS 4404:2010 defines freeboard as “...a provision for flood level design
estimate imprecision, construction tolerances, and natural phenomena (such as
waves, debris, aggradations, channel transition, and bend effects) not explicitly
included in the calculations” (p 25).

New Zealand
Infrastructure
Commission/Te
Waihanga Act 2019

This Act establishes a new Crown entity, the New Zealand Infrastructure
Commission, to coordinate and develop infrastructure that improves the wellbeing
of New Zealanders. The Commission must provide strategy reports to the
responsible Minister that identify how existing infrastructure can meet community
expectations and priorities for infrastructure on a 30-year basis (s13). The
Commission must consider long-term trends, including the mitigation of, and
adapting to, the effects of climate change (s11(b)(iii)).

Part A: What is happening? 17


https://www.legislation.govt.nz/act/public/2002/0084/latest/whole.html
https://www.legislation.govt.nz/act/public/2002/0084/latest/whole.html
https://environment.govt.nz/publications/national-policy-statement-on-urban-development-2020-updated-may-2022/
https://environment.govt.nz/publications/national-policy-statement-on-urban-development-2020-updated-may-2022/
https://environment.govt.nz/publications/national-policy-statement-on-urban-development-2020-updated-may-2022/
https://www.legislation.govt.nz/act/public/2004/0072/latest/DLM306036.html
https://www.legislation.govt.nz/regulation/public/1992/0150/latest/DLM162576.html
https://www.standards.govt.nz/shop/nzs-44042010/
https://www.standards.govt.nz/shop/nzs-44042010/
https://www.standards.govt.nz/shop/nzs-44042010/
https://www.standards.govt.nz/shop/nzs-44042010/
https://www.legislation.govt.nz/act/public/2019/0051/latest/whole.html
https://www.legislation.govt.nz/act/public/2019/0051/latest/whole.html
https://www.legislation.govt.nz/act/public/2019/0051/latest/whole.html
https://www.legislation.govt.nz/act/public/2019/0051/latest/whole.html

Policy instrument ‘ Effects on coastal hazard management

Marine and Coastal Area
(Takutai Moana) Act 2011

and

Nga Rohe Moana o Nga
Hapu o Ngati Porou Act
2019

The Takutai Moana Act supports the recognition of customary interests in the
common marine and coastal areas. There may be implications for parties proposing
works that have the potential to impact on customary marine title holders or
claimants.

The Nga Rohe Moana o Nga Hap( o Ngati Porou Act gives effect to the deed of
agreement between nga hapl o Ngati Porou and the Crown. The Act also
contributes to the legal expression, protection and recognition of the continued
exercise of mana by nga hapl o Ngati Porou in relation to their nga rohe moana
(s3), which are areas identified in Schedule 2 and include coastal marine areas.

Iwi Management Plans
(IMPs)

IMPs are prepared and approved by iwi, iwi authority, riinanga or hap for resource
management matters, including natural hazards. IMPs identify the issues of
importance to iwi or hapi regarding the use of natural resources within their rohe
and are underpinned by matauranga Maori. These documents provide a valuable
strategic tool for natural hazard management (Saunders, 2017).

IMPs must be taken into account when preparing or changing regional policy
statements (RMA (s61(2A)(a)) and regional (s66(2A)(a)) and district plans (s74(2A)).

See appendix B for relevant court cases.

Principles for managing coastal hazards under a changing climate

Consider the principles that are set out in law, or that have evolved through good practice and
case law (see table B.1 in appendix B), when commencing an adaptation planning process. A
good adaptation planning process will reflect or account for these main principles (table 2).

Table 2: Principles for managing coastal hazards under a changing climate

Principle

Sustainability and resilience

‘ Description

The Resource Management Act 1991 (RMA) concept of sustainable
management and the Local Government Act 2002 (LGA) principle of sustainable
development support the ability of communities to respond and adapt in a way
that avoids or limits harm. Resilience is closely related to sustainability and is
increasingly being enshrined in Aotearoa New Zealand legislation.

Meet the reasonably
foreseeable needs of future
generations

This RMA phrase requires consideration of the interests of future communities,
and the direct and indirect impacts they may experience from decisions made
today. This principle applies even where the need for a response to climate
change has not yet been identified.

Avoid, remedy or mitigate
adverse effects

Policy 25 of the New Zealand Coastal Policy Statement 2010 (NZCPS) refers to
the risk of “social, environmental and economic harm” from coastal hazards and
seeks to reduce, or at least avoid increasing, risks of harm and adverse effects.

Precautionary principle

This principle is applied at the planning response stage (steps 6 to 8 of the
decision cycle). It requires precaution for decisions where full information on
effects is not available, particularly when effects are potentially significant or
decisions are effectively irreversible.

A precautionary approach is also included as Policy 3 of the NZCPS.

Stewardship/kaitiakitanga

This is reflected in both the LGA and RMA, stewardship, or kaitiakitanga, forms
the basis of sound planning decisions in the interests of the community, to
avoid or minimise loss of environmental values or quality over time. Hapa/iwi
assert their right to own, control and manage their ancestral lands and

territories, waters and other resources.
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Step 1: Set the context and prepare

Principle Description

Community engagement Engagement with communities, iwi and affected people is at the heart of local
government decision-making. For this to be effective, communities must have
enough information to understand the range of scenarios and the increasing
risks posed by climate change over time.

Proportionality Decisions affecting small areas and few people and requiring little sunk
investment may reasonably consider climate change effects over a shorter
timeframe. Decisions that result in large scale and/or permanent change, that
affect important places of value and require considerable sunk investment must
consider long-term impacts.

Financial responsibility and Local government is expected to act within normal codes of financial
disclosure responsibility on behalf of the community. Local authorities are required to
disclose hazard information on Land Information Memoranda (except where it
is apparent from a district plan). Local government must also provide
information on governance in relation to the risks and processes, metrics and
targets used to assess and manage the risk, if requested by the Climate Change
Commission or the Minister of Climate Change under s5ZW of Climate Change
Response Act 2002.

1.1.3 Applying a te ao Maori lens

Applying a te ao Maori lens and implementing Maori values are essential to managing and
adapting to the impacts of climate change for Aotearoa. Upholding the principles of te Tiriti

o Waitangi® is a central aspect of the long-term adaptation strategy, as outlined in the national
adaptation plan (MfE, 2022a). Applying a te ao Maori lens means developing adaptation
responses in partnership with Maori, elevating te ao Maori and matauranga Maori in the
adaptation process and empowering Maori in adaptation planning for Maori by Maori.

Matauranga Maori represents a valuable record of the environment that is unique to Aotearoa
and is integral to the collective responsibility to ensure a flourishing environment for all
citizens. The equitable use of both knowledge systems in Aotearoa is an important aspect to
building resilience, environmental solutions and empowering Maori, for example, through
weaving te ao Maori perspectives and matauranga with Western science in a community- and
marae-based environment and partnering in co-designed projects.

Applying a te ao Maori lens in the response to climate change can yield innovative solutions to
complex problems. Empowering Maori so they can carry out their role as kaitiaki (guardians)
gives them autonomy over the management of natural resources. Being able to exercise
kaitiakitanga is both an expression and affirmation of rangatiratanga (chieftainship) (Jackson et
al, 2017). Without rangatiratanga and the ability to lead on environmental matters at place
through te ao Maori values, concepts and practices, it would be difficult, if not impossible, to
practise kaitiakitanga (Blair, 2002 as cited in McAllister et al, 2023; Selby et al, 2010). As land
managers, owners, guardians and governors of significant natural resources, Maori can
contribute invaluable knowledge, skills and experience to environmental decision-making
(Harmsworth and Awatere, 2013). Some practices, such as mahinga kai, and connections to
taonga species are related to geographical locations such as the coast. Matauranga Maori, at a
hapt and iwi level, will be critical to informing local and central government climate
adaptation responses (MfE, 2022a).

Further guidance on the principles of te Tiriti o Waitangi can be found on the Waitangi Tribunal website
(www.waitangitribunal.govt.nz/treaty-of-waitangi/principles-of-the-treaty) and in the 2002 report from
Te Puni Kokiri (Te Puni Kokiri, 2002).
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Maori as tangata whenua (people of the land) and kaitiaki of their ancestral and cultural
landscapes are disproportionally affected by climate change impacts on the natural
environment for social, economic, cultural and spiritual reasons. Certain whanau, hapl and iwi
will be disproportionately affected, as will Maori interests, values, practices and wellbeing. The
lhirangi report (lhirangi, 2021) Insight to the rauora indigenous worldview framework for the
national climate change adaptation plan, outlines that, while variations exist between affected
communities, nationally, this effect is disproportionate because many Maori populations:

¢ have strong connections to the whenua in terms of sustenance, relationship and identity
¢ live close to the coast, or in isolated, often impoverished communities
¢ have less access to data and information about climate change

¢ have poor existing physical infrastructure (roading, water, sewerage) within their
territories

e are heavily invested in primary industries that will be highly affected by climate disruption
or mitigation measures

¢ already have a high volume of inadequate housing

e are already experiencing environmental stress, water source pollution, degradation,
overallocation or diversion of water

e experience engagement challenges from large pockets of socially and culturally
disconnected tribal citizens, as urbanisation disperses the iwi/hapt population.

Sea-level rise presents a significant concern for hapori Maori (Maori communities), particularly
those residing in coastal areas. Approximately 14 per cent of Maori households are in areas
highly susceptible to coastal inundation due to projected sea-level rise (Te Puni Kokiri, 2023).
These findings bring attention to the significance of acknowledging and effectively addressing
the vulnerabilities and risks experienced by Maori households residing in coastal areas. In
particular, it highlights that the challenges are more pronounced for older Maori households,
necessitating greater adaptability measures. It underscores the need for targeted strategies,
well-planned interventions, and continuous assessments to safeguard the resilience and
wellbeing of this group (Te Puni Kokiri, 2023).

Indigenous communities are often challenged with histories that complicate their climate
change adaptation planning with authorities, such as land alienation and access to land and
resources. These vulnerabilities are affecting Maori who now live in or near vulnerable
locations, such as at the coast and adjacent low-lying land (MfE and Stats NZ, 2023).

Despite being disproportionately affected, many Maori communities are already planning,
implementing and leading climate initiatives at place. Maori communities led efforts for
recovery responses in severe weather events in 2023 and are often seen as leaders for
adaptation and recovery work at place. Examples of Maori-led climate action initiatives are
outlined in the Ministry’s Community-led retreat and adaptation funding: Issues and options
(MfE, 2023a).
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Step 1: Set the context and prepare

Rauora Framework

The Rauora Framework aims to promote transformative strategies by providing matauranga-
centric guidance to both Maori communities and national climate change responses

(Areta, 2023; Tapsell, 2022). It is an ambitious framework that advocates innovative

climate approaches through an Indigenous lens (lhirangi, 2021). The framework offers a
comprehensive perspective on climate change from a Maori standpoint, guiding Maori in
tackling climate challenges and contributing to the existing literature on Maori perspectives
of climate change (Areta, 2023).

1.2 Set the context and prepare

1.2.1 Coastal hazards and climate change

Coastal hazards have had both an historic and ongoing impact across coastal Aotearoa
irrespective of climate change and SLR. However, climate change will generate increasing risk
across coastal Aotearoa, which will be ongoing for centuries due to SLR and other climate
change effects (see Climate change, sea-level rise and coastal hazards science: Coastal hazards
and climate change guidance — Supplement A).

The term ‘hazard’ is used in this guidance to describe one of the components that drives the
accelerating risks arising from climate change along with the exposure and vulnerability of
people, their assets and things they value. The ‘hazard’ component of risk in a changing
climate for coastal areas can be related to either:

e g worsening of hazard events (magnitude, increasing frequency, persistent and compound
or multiple contributors) that are conventionally seen as a hazard (eg, more frequent
coastal flooding or erosion), or

e aprogressive change to the coastal environment,® caused by climate change (eg, a rise in
sea level, rise in estuary and/or harbour temperatures and increased rainfall intensity)
and related impacts from groundwater rise and increasing salinity of lowland freshwater
systems, which will likely be irreversible for the foreseeable future.

This guidance focuses on three types of coastal hazards that are exacerbated by climate
change:

e coastal erosion and coastal instability caused by coastal processes, storms, SLR and
changes in long-term sediment processes.

e coastal flooding caused by storms and changed climatic conditions, or progressive
inundation from high tides, all exacerbated by ongoing SLR.

e rising groundwater (including compound flood hazards) and progressive salinisation in
coastal areas and inland low-lying coastal plains.

®  Policy 1, NZCPS and DOC guidance note (DOC, 2010, 2017). Combining Policy 1 and policies 24-25, the
DOC (2017) guidance note states (p 15) that Policy 1(2)(d) can be interpreted as meaning all areas
identified as “potentially affected by coastal hazards over at least the next 100 years” should be included
within the ‘coastal environment’, for which the NZCPS applies.
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These hazards will generate cascading direct and indirect impacts on coastal systems and
human wellbeing.!® However, unpacking how climate change will affect these hazards is
complex because current coastal erosion patterns may be more dominant or obscure the
impact of SLR for many decades to come (Dickson and Thompson, 2020).

Figure 3 summarises how climate change driven hazards (SLR and changes in storms,
precipitation and surface temperatures) exacerbate extreme events and lead to progressive
and permanent impacts on the coastal environment.

10 Wellbeing domains, aligned with the four capitals of Treasury’s Living Standard Framework and the

National Disaster Resilience Strategy (NEMA, 2019), include: social, te ao Maori, natural environments,
built environments, economic, and governance.
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Climate change and SLR will not introduce any new types of coastal hazards, but they are
changing the nature, magnitude, frequency and extent of the impacts. Furthermore, SLR

and more frequent extreme events will cause compounding consequences that occur
simultaneously more often and across several locations with cascading impacts. Additionally,
in relation to coastal erosion and groundwater rise, SLR effects may continue to be masked for
some time by other historical and future changes in sediment and watershed runoff from both
anthropogenic interventions (eg, land-use change, catchment hardening, coastal protection
structures, dredging, pumping) and compound effects of climate change on rainfall, waves and
sediment runoff.

The NCCRA (MfE, 2020a) recognises the significance of possible cascading impacts (see

figure 15 in step 4), for example, the risk of coastal erosion will affect multiple domains,
including the natural and built environments, humans and the economy. Therefore, these
hazards will increase the risks to coastal development and create risks not yet experienced in
certain locations (eg, inland flooding). Coastal environments often experience hazards in other
forms, particularly river flooding, which is compounded by tidal influence and SLR. Local
government needs to consider multi-hazard assessments in these situations. Identifying
cascading impacts can result in a more holistic understanding of the consequences of climate
risk and will result in the design of adaptation responses that are flexible yet robust under
different future conditions (MfE, 2020a).

Figure 4 shows the levels of coastal flood exposure in different regions of Aotearoa. The

highest building exposure is in Canterbury, Hawke’s Bay and Bay of Plenty. Waikato and
Canterbury have the longest road network exposed.
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Figure 4: Regional coastal flood risk exposure for a 1 per cent annual exceedance probability

event locally on top of a 1 metre sea-level rise
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1.2.2 Coastal adaptation and managing uncertainty

Despite our increasing understanding of Earth systems, the future remains inherently hard to
predict, especially because there is socio-political uncertainty about the rate of global
emissions reduction. The responses of ocean and ice environments to climate change have
long lag times, their effect is progressive and ongoing but they are accelerating, and surprises
cannot be ruled out. Some of these changes are already being observed. Dealing with this
uncertainty is central to this guidance.

Regardless of emissions reductions, ongoing SLR is certain and projections are a way to
understand how different emissions scenarios may impact in future. Out to 2050 there is a
comparatively narrow range of SLR of 0.2 metres to 0.3 metres, but this range increases
when we look out to the end of the century to 0.4 metres to 1.2 metres and beyond, with
deep uncertainty on the rate, timing and magnitude of SLR. Deep uncertainties also exist
about the pace of changes to bio-physical systems (eg, impacts of ocean heating and polar
ice-sheet instabilities), as well as future socio-economic change and its effect on mitigating
global emissions.

Making decisions under uncertain conditions will always involve judgements based on the
available knowledge and appraisal of a range of projections. Not acting in the face of
deepening uncertainty also involves considerable risk. Instead, uncertainty needs to be
accounted for by considering a wide range of plausible future conditions in developing an
adaptive planning strategy.

Compounding and cascading coastal hazards introduce increased risks to coastal locations.
Assessments and mapping of coastal hazards can inform communities and iwi/hapt partners
of the extent of those impacts and what values would be affected. Following the initial steps in
the 10-step decision cycle, a risk assessment should be carried out and an associated adaptive
planning strategy developed and implemented. This may go beyond standalone climate
change risk assessments that are being developed by councils, with this guidance providing
best practice for coastal hazard assessments and engagement with communities, iwi/hap
partners and stakeholders. This assessment should take community and iwi/hapi values into
consideration, and then integrate vulnerability assessments with the risk assessments into the
adaptive planning strategy.

Risk-based approach

The ISO international adaptation standards (I1SO, 2019, 2020, 2021) set out a consistent,
globally accepted framework for climate-related risk assessments and managing identified
risks. The focus is on time-varying consequences (exposure and vulnerability), depending on
assessment of the climate-driven hazards.

In practice, the focus should be on:

e ‘testing’ adaptation responses to climate change against plausible future shared socio-
economic pathway (SSP) scenarios and RSLR projections, and the resulting coastal hazards
and risks and progressive changes, and then

¢ evaluating and making decisions on pathways to reduce or avoid risk

e ‘stress-testing’ to anticipate the potential impact of surprises and unknowns, especially
elements of place-based risks with high uncertainty from compound hazards and cascading
impacts (Logan et al, 2023).
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Understanding changing risk over time (see figure 7) is central to adapting to climate change
related coastal hazards. Existing risks will continue to rise, and new compounding and
cascading risks will emerge over a wider area.

Improving the capacity to adapt will require a shift from a reactive to an anticipatory regime.
The aftermath of natural hazard events can be an opportunity for adaptation. However,

this means the community will experience considerable damage first. This could make it
challenging to make adaptation decisions with long-term planning horizons that can anticipate
consequences of extremes and progressive impacts. Building adaptive capacity!! should enable
our communities to avoid or become more resilient to coastal risks.

Adaptation for coastal hazards

In human systems, adaptation is the process of adjusting to the actual or expected climate and
its effects, to moderate harm or exploit beneficial opportunities. It addresses a changing state
in the climate and its impacts that manifest in uncertain and dynamic ways and cannot be
predicted over the long term.

Some types of change can be adapted to by making incremental adjustments to the way the
coastal environment is managed. Other types of change may require completely new ways of
doing things, including transformational social and physical adjustments that change the
fundamental attributes of natural and human systems (IPCC, 2014a).

In this context, it is important to consider the potential for maladaptation. These are actions
that may unintentionally lead to an increased risk of adverse climate-related outcomes
through greater exposure when adaptation actions fail. An increase in residual risk may also
be created by shifting risk to others in space and time, increasing greenhouse gas emissions,
increasing vulnerability to climate change and reduced wellbeing, now or in the future

(MfE, 2020a).

Although the appropriate location, form and design of new development in the right places
can contribute to future-proofing our communities, many are already under threat from
natural hazard events and coastal flooding from ongoing SLR, which will increase over time.
Successful adaptation to the impacts of natural hazards and climate change will be vital to the
future health and wellbeing of our communities.

In our existing places, people and councils can work together to avoid and reduce risk through
a range of adaptation measures to help better prepare for extreme, ongoing and progressive
climate change impacts. It is worth noting that adaptation in coastal situations differs from
adaptive management, a mechanism sometimes included in resource consent conditions,
where decisions can become locked in until they fail. Adaptive management is typically
applied to ecosystems, water allocation and water quality, and can have the potential to
create avoidable outcomes without considering the dynamic and worsening outcomes from
climate change.

u Adaptive capacity is the ability of systems, institutions, humans and other organisms to adjust to potential
damage, to take advantage of opportunities or benefits from climate change, or to respond to the
consequences (IPCC, 2022: Annex Il: Glossary).
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Under the conditions of a changing climate, protect and accommodate adaptation measures
are increasingly becoming transitory because of physical, economic, social and cultural limits.
This means councils and communities should not rule out the full range of adaptation options!2
for areas under threat in recognition that the different options have limits to their
effectiveness over time (MfE, 2022a).

Several different types of adaptation options are available (see figure 5).

e Avoid: Stops people and assets being put in high-risk locations. This primarily uses land-use
planning measures, spatial planning and adaptive management of assets and services.

e Accommodate: Stay in place and make changes to buildings and infrastructure to improve
resilience and work around the increasing risk. For example, raising floor levels or roads,
building relocatable houses, setting minimum build levels, and providing alternative
inundation flow paths. Provide room for beach or shoreline change processes and ponding
of intertidal areas further inland.

e Protect: Stay in place and manage the hazard by defending the shoreline. For example,
maintaining or enhancing natural buffers (dunes, estuaries — see box 12), hard structures
(seawalls, rock revetments??), soft engineering (renourishment, geotextile, sand tubes),
tidal gates, pumps, and planting vegetation to support land accretion.

e Retreat: Permanent removal or relocation of existing habitation (people and buildings),
assets and services from the coast in a planned, staged and managed approach over time.
Also applies to ‘managed realignment’ by deliberate breaching or removal of causeways or
flood banks to allow wetlands and marshes to migrate further inland (Allan et al, 2023).

Each type of adaptation option has different lifetimes and will have different performance
limits. In general, avoidance strategies should be considered first in coastal settings, to ensure
that protect and accommodate options do not become the default approach without
consideration of the known ongoing and progressive risk from SLR and storm surge.

In practice, a variety of options should be considered, and the option chosen depending on
the local circumstances, for example, in areas of significant existing development.’* Only
avoidance and retreat strategies provide permanent reduction of risk.

Figure 5: Types of adaptation options and actions

Avoid Accommodate Protect Retreat

A suite of different options and actions are often necessary depending on the location and
type of coastal geomorphology, and the combination of adaptation options used will change
over time. The most appropriate adaptation options will be different for every community or
project. A place-based and risk-based approach should help to meet the specific needs and

12 consistent with the direction in NZCPS Policy 25 and Policy 27 (DOC, 2010).

13 Hard protection structures are discouraged by the NZCPS (Policy 27) and DOC guidance (DOC, 2010, 2017)
due to the potential for adverse effects on the coastal environment.

14 see NZCPS Policy 27 (DOC, 2010).
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circumstances of the community and the council to ensure robust outcomes are well
supported and understood by the community.

Adaptation is now an integral part of climate change policy worldwide. The level of adaptation
needed will be largely defined by the future development of the world’s economy, energy use,
global land-use patterns, population growth and the resolve to swiftly reduce greenhouse gas
emissions. This is because these dictate the amount of additional warming we will experience,
as well as the rate of mass loss of the Antarctic ice sheet, the supporting sea ice, warming of
the oceans and incidence of extreme weather events. Furthermore, ‘deep’ uncertainty exists
through the lack of scientific understanding of the processes that determine the rate of ice-
sheet loss. The biggest uncertainties in SLR projections relate to:

e the emissions pathway that eventuates
e polarice-sheet dynamics and instabilities®

e relative SLR vertical land movements (including earthquakes).

Regardless of what we do now, however, SLR will continue for at least several centuries
(Fox-Kemper et al, 2021). While reducing emissions will slow down the rate and limit the
amount of SLR, this will occur over long timeframes. The scale, extent and impact of the
increasing coastal risk will be unprecedented across Aotearoa (see box 1). Figure 6 also
shows an example of adaptation options in an evolving and shrinking adaptation space
and demonstrates why we need to adapt.

BOX 1: COASTS POSE A SPECIAL CASE FOR ADAPTATION

Coastal hazards pose a distinctive and severe adaptation challenge for decision-making
because they deal with both progressive and ongoing sea-level rise (SLR), as well as increased
frequency and magnitude of extreme events (IPCC, 2022). Coastal hazards are also
exacerbated by other historical and future changes in sediment and watershed runoff from
both anthropogenic interventions (eg, land-use change, protection measures, dredging) and
increasingly, the compound effects of climate change on non-SLR processes (eg, rainfall, waves
and sediment runoff). These hazards will occur earlier where rates of relative SLR are locally
higher (land subsidence®), and will reach higher levels if low likelihood, high-impact outcomes
associated with collapsing ice sheets occur.

Making decisions about responses to progressive climate change impacts differs from
decisions made regarding many other issues. These differences relate primarily to the
irreversibility of SLR and the rate, magnitude and scope of ongoing impacts. These differences
will also vary regionally and locally in Aotearoa New Zealand, creating unequal impacts on
communities (LGNZ, 2016b). If the risk is underestimated, the consequences will be severe
with lasting social, cultural and economic effects. If the risk is overestimated for a specific
timeframe, using relative sea-level rise projections based on higher emission scenarios, this
will be temporary (decade to multi-decadal timescales). This is because sea level will continue
to rise, even as emissions are reduced, and it is only a matter of time before the adaptation
threshold is reached for those exposed to the risk. While overestimation places costs today,
the observed and increasing climate change impacts mean both current and future
generations are, and will be, paying the costs. It is also important to consider how the costs
and risks experienced by future generations may be affected by decisions taken today.

15 The polar ice sheets will increasingly become unstable once a tipping-point temperature of 1.5-2.0°C is
reached (ICCl, 2023)

16 see notes for table 6.
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Decisions that avoid or reduce exposure to future risks can minimise intergenerational risk
transfers (which may manifest in the form of increased local authority rates, higher premiums
or withdrawal of insurance). Ignoring these considerations is likely to create new or intensify
existing inequalities and shift the burden to the welfare state and taxpayers (Handmer, 2008).

There is already committed SLR, due to heat stored in the oceans and future ice sheet
response to historic greenhouse gas emissions. Impacts are being observed now from past
emissions, and near-term risks are projected to emerge well before 2050 (Levy et al, 2023;
Stephens et al, 2018). The ability to adapt to current coastal impacts, to cope with ongoing and
increasing coastal risks, and to curtail acceleration of SLR beyond 2050 depends on near-term
and ongoing mitigation and adaptation actions. But there are limits to adaptation in the face of
progressive SLR, which, over time, will be existential for many ecosystems and human systems.

Limits to adaptation

As protection becomes unaffordable and the limits to accommodation become obvious,
planned relocation and retreat may become the only way to address the impacts of inevitable
flooding in low-lying coastal areas. This makes SLR a particular challenge for adaptation. Figure
6 demonstrates this as an evolving and shrinking adaptation space as the sea rises. The risks
associated with maladaptation should also be considered.

Adaptation options that have a limited life can potentially lead to lock-in of people and their
communities and ‘permanent’ buildings and infrastructure, making it harder to change policy
and measures as the sea advances. Temporary adaptation options like seawalls, filling land or
raising buildings above flood levels may buy time if they can be implemented quickly, but they
can entrench development and limit access to communities, making it harder to transition to
options like managed retreat, while also increasing ongoing adjustment costs. Planning
methods to mitigate the risk of lock-in and limited life to adaptation measures should be
developed and implemented as part of an adaptive planning strategy. Responses are more
effective if combined and/or sequenced, planned well ahead, aligned with sociocultural values
and development priorities, and underpinned by inclusive community engagement processes
(IPCC, 2022).

Considering both short- and long-term adaptation needs, including beyond 2100, can
reduce adverse consequences and inequitable losses and damages to vulnerable people
and communities.
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Figure 6: Evolving and shrinking solution space to address sea-level rise
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An illustrative example of adaptation options in an evolving and shrinking adaptation space. Different drivers and

hard and soft limits shape this space. The figure highlights: 1) a narrowing of the adaptation space as a whole and,
2) a change in the ratio between the three adaptation strategies, with retreat becoming dominant. This will apply

differently for different coastal types due to local contexts.

Source: Adapted from Haasnoot et al (2021)

Dynamic adaptive pathways planning

To help local government and communities make decisions when the magnitude and rate

of SLR is uncertain, we recommend using the ‘dynamic adaptive pathways planning’ (DAPP)
approach for developing adaptive planning strategies. This approach is anticipatory rather than
reactive, and it can help avoid decisions that are inflexible and costly to change. Further
information on DAPP, and how to do this, can be found in step 5, box 11, appendix A.9 and
appendix C. Monitoring the performance of the adaptation actions and options as sea levels
continue to rise enables the implementation of different combinations of actions and
pathways as needed by the community, councils and infrastructure providers, and, therefore,
should start as soon as possible.

Part A: What is happening? 31



Such planning can take the form of a series of interlinked potential pathways to meet
community and council objectives (figure 7). The plan is monitored for signals®’ that warn a
change is occurring. A predetermined trigger'® then indicates that the objectives may soon fail
to be met and need to be re-evaluated. A decision then needs to be made about whether a
change in course is needed to continue to achieve the objectives and avoid reaching an
adaptation threshold. The predetermined trigger needs to be designed with sufficient time
before the adaptation threshold for new adaptation measures is implemented. Note that
while figure 7 includes ‘advance’ as an adaptation option this is drawn from an international
example. Advance should be rarely considered an adaptation option in the Aotearoa context
(reserved for infrastructure and ports) because reclamation is a discouraged activity under
Policy 10 of the NZCPS (DOC, 2010).

Figure 7: Generic adaptation pathways for coastal cities and settlements to sea-level rise
Generic Examples of
strategies specific measures
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Source: IPCC AR6 WGII Cross-Chapter Paper 2: Cities and Settlements by the Sea (Glavovic et al, 2022, figure
CCP2.4a)

17" Signals are derived indicator values, monitoring changes in physical, social, cultural, economic and risk

attributes, which provide early warning to signal that a trigger (decision point) is approaching in the near
to medium term.

18 Triggers are a derived indicator value that, when reached, provides sufficient lead time to cover

community engagement, consenting, construction and funding arrangements, to ensure a new pathway
or adaptation action can be implemented before the adaptation threshold is reached. See glossary for
full definitions.
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1.2.3 Preparatory tasks for developing a coastal adaptive
planning strategy

Table 3 summarises the main preparatory tasks for developing an adaptive planning strategy
for coastal hazards and the effects of climate change.

Table 3:

Preparatory tasks for developing a dynamic adaptive pathways planning (DAPP) strategy

Tasks ‘ Description

Establish a multi-disciplinary team
and agree on the best way to
work together.

Establish an early and preliminary mandate for the adaptive planning
strategy.

Decide on project management, preliminary resourcing and governance
arrangements in the preparation stage, before you begin DAPP.

Establish the scope, context and
objectives.

Identify the scope of relevant coastal hazards that will be included in the
adaptive planning strategy and objectives for the project (eg, all coastal
hazards, or only some, for all or some of the areas at risk, scale, extent). The
scope may be informed by the extent of low-lying coastal areas, areas of
potential groundwater rise and drainage effects, previous hazard events and
reports, and multiple hazards.

Collect available, relevant information (eg, hazard data, demographics, social
and environmental processes, monitoring data, relevant plans and policies,
iwi management plans, topographic data and aerial imagery).

Agree how your team will engage
with iwi/hapa.

Partner with mana whenua early to weave in te ao Maori perspectives.
Engage from the beginning with mana whenua and other communities for
transparency and to build trust.

Agree how your team will engage
with the community and
stakeholders.

Decide who you will engage with and how you will engage with them.
Engage early with the wider community for best results. This may inform the
scope and objectives of the project.

Provide a space for open and confidential deliberation to understand the
practical issues of creating resilience.

Seek out local knowledge, experiences and observed changes, matauranga
Maori, and what people value about the area.

Agree on the approach and
mobilise resources.

From the contextual information, decide on the overall approach for the
DAPP; hazard, risk and vulnerability assessments; and the adaptive
framework.

Develop a case for the project within and among council partners, confirm
mandate and secure funding.

Develop a work programme.

Source: Adapted from Glavovic (2021)

Building a team

A multi-disciplinary team will be necessary to implement the 10-step decision cycle. A wide set of
expertise, skills, knowledge and information will be required due to the pervasive nature of the
impacts and implications within the community and across many local government functions
and different sectors (eg, utilities, infrastructure, insurance, banking and so on, table 4).

Important considerations include:

e the sort of leadership, integration and relationship management and engagement

(enabling) skills required

e necessary core knowledge (eg, technical expertise, planning and policy, infrastructure,
iwi/hapl knowledge, social science techniques, engagement and possibly independent

facilitation skills)
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¢ the networks and linkages that can be drawn on or established to access skills and
knowledge the team requires but does not possess (eg, coastal biodiversity expertise or
coastal sedimentation or erosion expertise).

Table 4: Skills, disciplines and knowledge sets to consider in an adaptation team

Considerations ‘ Description

Enabling skills

Leadership, integration across portfolios, engaging with the public, strong iwi/hapi
relationships and links.

Knowledge sets

Coastal management, coastal hazards, planning and policy, civil defence and
emergency management, legal, economics, community engagement, facilitation,
iwi/hapl engagement protocols and/or representatives, Indigenous knowledge like
matauranga Maori, biodiversity, roads and transport, asset management, reserves
and parks, hydrology (includes groundwater), engineers, surveyors, adaptation
specialists, science communicators, emergency response organisations, cross-
organisational governance and monitoring expertise.

Access to networks and
links

Historical information, institutional knowledge.

Access to networks and liaison with important businesses, industries, utility and
infrastructure providers, other local authorities, iwi/hapl groups, local community
representatives, Insurance Council of New Zealand, Crown research institutes (eg,
GNS Science, National Institute of Water and Atmospheric Research, Manaaki
Whenua — Landcare Research) and private and public property owners.

Important individuals and groups who are strongly networked with the core team.

Te Tiriti o Waitangi and te
ao Maori

Working in partnership with and resourcing Maori, elevating te ao Maori and
matauranga Maori, and planning for Maori, by Maori is central to the country’s
response to climate change (Community-led retreat and adaptation funding: Issues
and options (MfE, 2023a)).

Source: Modified from the Irish Local Authority Adaptation Strategy Development Guideline (Gray, 2016),
the Ministry for the Environment’s first national adaptation plan (MfE, 2022a) and the Rauora Framework

(Ihirangi, 2021)

Recommended Understand the statutory framework and principles for

key tasks to

managing coastal hazards and climate change impacts.

complete before

moving to Step 2

Engage with iwi/hapi Maori and work in partnership with
tangata whenua to ensure that climate adaptation
responses are informed by te ao Maori and matauranga
Maori.

Become familiar with the preparatory tasks involved in
developing a coastal hazards adaptation plan.

Build a multi-disciplinary adaptation team.
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Step 2: Assess sea-level rise and
coastal hazards

This entire section has been substantially revised, compared with the 2017 guidance, to
incorporate the updated Intergovernmental Panel on Climate Change (IPCC) 2021 sea-level
rise (SLR) projections as set out in the Interim guidance on the use of new sea-level rise
projections (MfE, 2022). This 2024 guidance is largely consistent with the interim guidance,
and, regardless, it is critical local authorities follow the national adaptation plan (MfE, 2022a)
with regard to these issues.

This section recommends new relative sea-level rise (RSLR) projections out to 2150, which are
available from the NZ SeaRise platform with and without vertical land movement (VLM) rates.
The projections cover a range of plausible future trajectories of the rise of mean sea level
(MSL) for Aotearoa New Zealand. These RSLR projections or increments®® of RSLR heights (eg,
0.1 metre or 0.2 metres) are used as input into hazard and risk assessments (step 2 and step 4)
and inform the development of dynamic adaptive pathways (step 5 and step 6) that enable
timely adaptation to the range of plausible futures.

Until an adaptive planning strategy is developed for a location or region, interim precautionary
RSLR allowances are provided for different categories of land-use activities for use in plan
updates.
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13 Use of increments of sea-level rise (SLR) heights are neutral with regard to using a specific scenario or
vertical land movement (VLM) rate and make it easier to update assessments if projections or the VLM
rate change.
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2.1 Assessing sea-level rise
2.1.1 Current and projected sea-level rise

Measured sea-level rise

After centuries of relative stability, SLR in Aotearoa started around 1900 (Clement et al, 2016;
Gehrels et al, 2008; Gehrels and Woodworth, 2013). Figure 8 shows the changes in annual
local MSL at the country’s four main ports. The underlying rise in past and future sea level is
masked by climate and ocean variability on yearly and decadal timescales.?’ Long records of
MSL are necessary to assess SLR and its acceleration, which exist for our four main ports and
Moturiki. Splitting the record into approximately two equal periods of 60 years shows a
doubling in the rate of SLR around the Aotearoa coastline since 1960.%

Figure 8: Change in annual mean sea level for the four main ports and Moturiki between

1900 and 2020, spliced with a range of New Zealand averaged sea-level rise projections
based on shared socio-economic pathway scenarios to 2050

Historic relative SLR (5 gauges) spliced with NZ-wide projections (NZ5eaRise)
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Note: Annual sea level for each gauge site is relative to the mean sea level to a local land datum, averaged from
1995 to 2014 (period used for the Intergovernmental Panel on Climate Change Sixth Assessment Report (IPCC,
2021) and NZ SeaRise projections, with mid-point at 2005). Accurate sea-level measurements are only possible a
few kilometres offshore (which excludes near-shore effects on coastal sea level) due to the land-shadow effect on
the altimeter signal. See section A.3.3 of Climate change, sea-level rise and coastal hazards science: Coastal hazards
and climate change guidance — Supplement A for more commentary.

Source data: Stats NZ coastal sea-level rise marine indicator series (http://www.stats.govt.nz/indicators/coastal-sea-
level-rise) combined with sea-level rise projections from a central location (+ 0.025 metres by 2130 across New
Zealand) from the NZ SeaRise platform without including vertical land movement
(NULLhttp://www.searise.nz/maps-2).

20 This is influenced by seasonal changes, the two- to four-year El Nifio—Southern Oscillation (ENSO) and the
Interdecadal Pacific Oscillation (IPO) over 20- to 30-year cycles.

21 For more information on the record, refer to www.stats.govt.nz/indicators/coastal-sea-level-rise.

36 Coastal hazards and climate change guidance


http://www.stats.govt.nz/indicators/coastal-sea-level-rise
http://www.stats.govt.nz/indicators/coastal-sea-level-rise
http://www.searise.nz/maps-2
https://www.stats.govt.nz/indicators/coastal-sea-level-rise

Step 2: Assess sea-level rise and coastal hazards

Sea level rose 0.21 metres on average across Aotearoa between 1901 and 2020,?? which
explains why low-lying areas are already experiencing an increased incidence of coastal
flooding (see box 2).22 Ongoing SLR will cause more frequent flooding before mid-century,
with very high confidence (Lawrence et al, 2022). As sea level continues to rise, so does the
scale and frequency of adaptation interventions.

BOX 2: ROLE OF SEA-LEVEL RISE IN INCREASING COASTAL FLOOD EVENTS IN

AUCKLAND AND HAURAKI

23 Jan 2011 5Jan 2018

Photos (from left to right): Browns Bay Wharf, Auckland. Kohimarama (Mission Bay), Auckland. Firth of
Thames, Hauraki Plains.

In Auckland, the highest storm-tide level on record for the 20th century occurred on 26 March
1936. A cyclonic low-pressure storm generated a storm surge, coinciding with a perigean
spring or ‘king’ tide. Some coastal flooding occurred, and waves severely damaged the Browns
Bay Wharf. History repeated on 23 January 2011 (photo at left) when ex-tropical cyclone
Wilma arrived after a perigean spring tide, leading to damaging coastal inundation of low-lying
areas of Auckland.

Both storms were ‘1 in 100-year’ events (1 per cent annual exceedance probability), but the
2011 event was 0.13 metres higher than in 1936, causing deeper coastal flooding. Most of the
difference in peak water level between these similar storms is attributable to the 0.12 metre
rise in mean sea level over the intervening 75-year period.

A similar situation occurred in the southern Firth of Thames. On 4 May 1938, coastal flooding
of the Hauraki Plains caused extensive damage. Subsequently, the coastal stopbank was
raised. Eighty years later, on 5 January 2018, the storm tide and wave setup came close to
overtopping the stopbank system along the southern Firth coastline but did result in extensive
flooding in the Kaiaua/Wharekawa and Te Puru areas (photo at right). The intervening rise in
mean sea level since 1938 was a contributing factor.

As mean sea level continues to rise, coastal flooding will become much more frequent and
episodically deeper for low-lying coastal areas.

Sources: Tide gauge data (Ports of Auckland Ltd, Auckland Council); Barnett (1938); Marsh et al (2020); Climate
change, sea-level rise and coastal hazards science: Coastal hazards and climate change guidance — Supplement A.

Photos: (left) B Eitelberg; (right) Farmers Weekly (http://www.farmersweekly.co.nz/news/sea-threat-arrives)

22 This occurred, on average, across the four main port records. See www.stats.govt.nz/indicators/coastal-

sea-level-rise.

23 see Bell, 2021; Lawrence et al, 2022; Parliamentary Commissioner for the Environment, 2014, 2015;

Stephens et al, 2018.
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Updated climate scenarios

The cornerstone of this guidance is the use of SLR projections derived for climate change
scenarios in hazard and risk assessments, district and regional plans and adaptation planning.?
Scenarios are not ‘predictions’ but rather a description (narrative) of how different futures
might unfold, and they can be used to stress-test adaptation options, dynamic adaptive
pathways, plans or strategies. They can help inform the development of objectives and policies
and inform the effectiveness (or otherwise) of risk management strategies, including any lock-
in dependencies relying on a single type of option.

Scenarios allow communities, iwi/hapi and stakeholders to explore questions like “What can
happen?”, “When might an adaptation threshold be reached?” and then “What can we do
about it?” that help illustrate impacts and options under a variety of climate-related outcomes.

For SLR, using projections across a range of scenarios with a dynamic adaptive pathways
planning (DAPP) approach avoids a pre-selected estimate of sea-level change (and associated
impacts) being invalidated. This is due to updated sea-level projections becoming available or
conditions changing (eg, changes in VLM rates or polar ice-sheet responses). It is not possible
to assign likelihoods (probabilities) of occurrence to any climate scenario, because these are
narratives describing broad socio-economic trends (Horton et al, 2018, van de Wal et al, 2022).
Therefore, SLR projections across a range of scenarios should be used.

The goal of working with climate change scenarios is not to predict or forecast the future.

It is to better understand what might unfold under a consistent set of assumptions and
associated uncertainties. This informs robust decisions for a wide range of plausible futures
(Moss et al, 2010).

In 2021, the IPCC issued an updated set of global SLR projections (Fox-Kemper et al, 2021),
based on new scenarios called shared socio-economic pathways (SSPs), which include
socio-economic assumptions and changes that influence future emissions trajectories (see
Climate change, sea-level rise and coastal hazards science: Coastal hazards and climate change
guidance — Supplement A). The scenarios span a wide range of plausible societal and climatic
futures, from a 1.5 degrees Celsius ‘best-case’ low-emissions scenario (SSP1-2.6) to over 4
degrees Celsius warming scenario (SSP5-8.5) by 2100 (Chen et al, 2021). Even for the low-
emissions scenario (SSP1-2.6), average SLR around Aotearoa could exceed 1 metre soon after
2200 (table 6).

The IPCC Sixth Assessment Report (AR6) SLR projections include two sets labelled medium
confidence (out to 2150) and low confidence (out to 2300) (Fox-Kemper et al, 2021; Kopp et al,
2023; Slangen et al, 2022). The medium confidence® projections across four SSP scenarios
form the basis of the SLR projections used in this guidance.

24 A scenario approach to planning adaptation is becoming common practice, rather than predetermining
the future by adopting a single sea-level rise estimate (eg, California Coastal Commission, 2018; Herman
et al, 2015; Hirschfeld et al, 2023; San Francisco Planning, 2020; Slangen et al, 2022; Stephens et al, 2021;
van de Wal et al, 2022).

2> These SLR projections include only processes in which there is at least ‘medium confidence’, with some

processes at ‘high confidence’.
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A more limited set of low confidence projections by IPCC, uses a probabilistic ensemble that
also includes two land-ice contributions?® from the Antarctic ice sheet and a structured expert
judgement process. Low confidence projections represent the upper range of plausibility, but
“cannot be ruled out” (IPCC, 2021, p 317). They can be used to further stress-test new, long-
lived development along the coast and provide assurance that managed retreat options
involving moving to other coastal areas will not be compromised in the long term by ongoing
SLR. They also convey the message that SLR will continue for centuries (beyond 2300) at a rate
depending on how quickly and by how much global emissions can be reduced, and how quickly
the Antarctic ice sheet loses mass (Turner et al, 2023).

General confidence in SLR projections has grown since the previous 2013-2014 IPCC Fifth
Assessment Report projections (Fox-Kemper et al, 2021; Oppenheimer et al, 2019; Slangen et
al, 2023) because of:

e better understanding of the contributors to sea-level change
¢ longer datasets and improved coverage of the oceans and ice environments
e better agreement between the improved models and observations to date

e further understanding of ice-sheet dynamics and their uncertainties (eg, Edwards et al,
2021; van de Wal et al, 2022).

It is important for councils and other users of this guidance to understand the methods for
deriving future SLR projections, so they have assurance in their application here in Aotearoa.

Climate change, sea-level rise and coastal hazards science: Coastal hazards and climate change
guidance — Supplement A has more in-depth information on the science behind the SSP
scenarios and SLR projections. We encourage practitioners to read this supplement for more
assurance in their assessments and to help address questions during community engagement.

Climate scenario-based sea-level rise projections

It is recommended to use the updated medium confidence scenarios and their associated
SLR and RSLR projections out to 2150 to cover the range of plausible coastal futures (see

list below). They are derived from the same modular-based framework used for IPCC AR6
projections (Kopp et al, 2023; Naish et al, in review; Slangen et al, 2022), but include climate-
ocean responses, earth crustal and gravitational changes and VLM rates around Aotearoa
(Levy et al, 2023; Naish et al, in review).

Five representative SLR projections, derived from four SSP scenarios and their associated local
RSLR projections (by adding VLM), are recommended for use in this guidance. These five
projections cover a range of combinations of processes (Kopp et al, 2023) that contribute to
SLR (eg, glaciers, ocean heating, land water storage changes, ice sheets) across four plausible
climate and socio-economic futures (represented by SSP scenarios). From the ensemble of
thousands of simulations of different combinations of processes that contribute to SLR (and
locally RSLR) within the Framework for Assessing Changes to Sea-level (FACTS framework)
(Kopp et al, 2023), each SSP scenario is represented by various percentiles of simulated SLR
projection time series that make up the full ensemble of possible combinations.

26 The low confidence projections included the findings of Bamber et al (2018), DeConto et al (2021) and
see section 9.6.3.2.4 of Fox-Kemper et al (2021).
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This guidance recommends using four estimates based on the median value (M), which
represents the 50th percentile (p50 in the NZ SeaRise platform), and the middle of the likely
range, for each RSLR projection. An additional estimate based on the upper-bound of the likely
range, the 83rd percentile (p83 in the NZ SeaRise platform) from the high-end emissions
scenario SSP5-8.5 to represent H+ is also recommended. While the SSP5-8.5 H+ does not
include the low confidence polar ice-sheet contributions, it represents a plausible upper range
for RSLR to reflect the deep uncertainties associated with changes to future sea level .’ 28

The SSP scenarios and associated projections (in bold) align with the 2017 guidance (in italics)

as follows:*

e SSP1-26 M < NZRCP2.6 M
e SSP2-45M < NZRCP4.5M
e SSP3-70M < n/a

e SSP5-85M < NZRCP8.5M
e SSP5-85H+ < NZRCP8.5 H+.

A very low-end emissions SSP1-1.9 scenario included in the suite of IPCC AR6 projections (tied
to achieving a global temperature at or below 1.5 degrees Celsius) is not used in this guidance
but is available from the NZ SeaRise platform. While it provides an aspirational scenario

for global greenhouse gas mitigation contributions, likely ongoing future SLR makes it less
useful for planning coastal adaptation.

27

28

29

40

As a comparison, using the NZ SeaRise Takiwa platform, a low confidence mid-range SSP2-4.5 (83rd
percentile) set of SLR projections, reaches the same SLR from the medium confidence SSP5-8.5 H+
projections soon after H+, around 25 to 30 years later (excluding VLM).

For SLR, especially from polar ice-sheet losses, there is deep uncertainty on how these climate feedbacks
will affect polar ice sheets once a tipping point is reached (ICCl, 2023).

The last number of the shared socio-economic pathway (SSP) scenario name relates to the previously used
Representative Concentration Pathway (RCP) of increased radiative forcing (Watts per square metre of the
Earth). M = median, represented by the bold coloured lines and markers on the graphs in the NZ SeaRise
platform, also labelled p50 (50th percentile of all simulations for that SSP) when using the data cursor.
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Step 2: Assess sea-level rise and coastal hazards

Box 3 outlines reasons for using the SSP5-8.5 scenario and associated SLR projections for
coastal areas.

BOX 3: SHOULD THE HIGH-END SSP5-8.5 SCENARIO BE USED IN COASTAL PLANNING?

It is recommended to use the high-end emissions scenario SSP5-8.5, on which the median (M)
and H+ (83rd percentile) sea-level rise (SLR) projections are based, in coastal planning to
identify coastal areas potentially affected and allow high-end stress testing of adaptation
options and pathways (step 6). This is to reflect that the world has been on a high emissions
trajectory in the past few decades. This is also combined with the very long timeframes (multi-
decadal to centuries) for SLR to respond to released emissions and the deep uncertainty about
future emissions and tipping points. The SLR projections based on SSP5-8.5 represent a
plausible upper range of these uncertainties, while not including the low confidence
uncertainties associated with polar ice-sheet instabilities.

The long lag in response of SLR means impacts from the yet-to-be realised commitments to
SLR from recent and ongoing emissions will be distinctly different compared with other climate
impacts. This is because other climate impacts (eg, heatwaves, precipitation, wind and so on)
are more directly tied to global heating and the associated shared socio-economic pathway
scenarios. These latter climate impacts will be more responsive to reductions in global
emissions within relatively short response times (decades), unlike sea level that will keep rising
at a rate depending on the recent past, present and future emissions. Turner et al (2023)
suggest that, out to 2500, ongoing SLR is now an irreversible process, unlike surface
temperature that will reach equilibrium some decades after emissions peak.

The Intergovernmental Panel on Climate Change Sixth Assessment Report from Working
Group Il (Riahi et al, 2022, p 386) describes how reaching emissions levels as high as the
SSP5-8.5 scenario has become less likely, but “high emissions cannot be ruled out for many
reasons, including political factors” and “higher than anticipated population and economic
growth”. Climate projections of SSP5-8.5 can also result from strong feedback from climate
change, which means high-end projected climate impacts might also materialise while
following a lower emission path (Riahi et al, 2022). For SLR, there is deep uncertainty on how
these climate feedbacks will affect polar ice sheets once a tipping point is reached (ICCI, 2023).
Overall, Riahi et al (2022, p 386), conclude that the high-end scenarios “can be very useful to
explore high-end risks of climate change”. Ongoing SLR poses such risks for coastal areas.

It is important for decision-makers to understand and plan for the full range of possibilities
Aotearoa New Zealand may face, especially in coastal environments (box 1). Using SSP5-8.5

(M and H+) for coastal hazard and risk assessment screening (step 2 and step 4) is consistent
with council planning decisions needing to: i) implement other Resource Management Act
1991 requirements and policies, such as the precautionary approach (Policy 3, New Zealand
Coastal Policy Statement, DOC, 2010); ii) identify areas ‘potentially affected’ by coastal hazards
and climate change (Policy 24, New Zealand Coastal Policy Statement, DOC, 2010) and iii) have
regard to the national adaptation plan (which also directs consideration of the same scenarios)
(MfE, 2022a).

Even if the timing of a specific SLR height (up to at least 1.5 metres) for a SSP5-8.5 scenario is
not realised, it will be reached decades or even centuries later for lower-emissions trajectories
(see table 5) and should be planned for as a plausible eventuality. Dealing with this uncertainty
using a dynamic adaptive pathways planning approach, means if higher than expected SLR
eventuates, then the next option in the adaptation pathway can be implemented earlier

than initially anticipated (or later if future emissions reductions are sufficient to slow the
acceleration of SLR).
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2.1.2 Using the recommended sea-level rise projections
It is best practice to use SLR projections for these main purposes:

e asthe primary input to hazard and risk assessments, along with projections for other
climate drivers relevant to coastal areas (eg, rainfall intensity, surface and water
temperature, changes in storminess)

¢ for developing, evaluating and stress-testing district or regional plans and policies

¢ forinforming and evaluating the viability, effectiveness and lock-in potential of adaptation
options and pathways using the DAPP approach (step 5 and step 6).

Guidance is provided in section 2.1.3 on recommended SLR allowances to use in the interim
for decision-making, to be used prior to the development of an adaptive planning strategy.
This is to be used until a clearer understanding of the risks, adaptation thresholds, timeframes
and an agreed adaptive planning strategy emerges.

Two types of SLR are used for projections:

e absolute (or eustatic) SLR, measured relative to the centre of the Earth, and related to the
rise in ocean level*°

e relative (or local) SLR (RSLR), which is the net rise in MSL from both: i) the absolute rise in
height of sea level; and ii) local VLM. It is therefore the net rise in sea level relative to the
local land surface or sea-bed elevation on which assets and people are placed.

The SLR projections in IPCC AR6 and in the NZ SeaRise platform have a new reference (zero)
baseline (Fox-Kemper et al, 2021; Slangen et al, 2023). Projections are now referenced to the
MSL from 1995-2014 (mid-point 2005). Appendix D has updated MSLs, averaged across this
new reference period at several locations around Aotearoa. The relevant local or regional
RSLR projections are then added to the relevant reference MSL, to calculate the range of
future plausible MSL and coastal flood levels to the national New Zealand vertical datum
(NZVD-2016).

Adjusting sea-level rise for vertical land movement

RSLR directly tracks the net SLR of the adjacent ocean, relative to any change in land elevation,
and its effect on coastal hazards that should be adapted to locally or regionally. Subsidence of
landmass is occurring in parts of Aotearoa (figure 9), which means including projections of
RSLR is important for planning.

Sections of Aotearoa New Zealand’s coastal land that continue to subside will exacerbate the
height and rate of SLR relative to the sinking land, even though the rise in absolute sea level is
no different at the local level. Ongoing land subsidence (eg, the south of the North Island, see
King et al, 2024) will bring forward the timing of when a specific sea-level threshold is reached
locally, compared with stable or uplifting areas. Land that is uplifting locally or regionally (eg,
parts of the Bay of Plenty) will experience a slower rise in the height of sea level relative to the
rising land.

30 ysed in IPCC sea-level projections and those projection averages across Aotearoa used in this guidance for
indicative national changes without VLM included.
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Step 2: Assess sea-level rise and coastal hazards

Box 4 describes the approach NZ SeaRise used to derive RSLR projections at 2 kilometre
intervals around the coast of Aotearoa using satellite-derived VLM rates (figure 9).

BOX 4: NZ SEARISE RELATIVE SEA-LEVEL RISE PROJECTIONS

The NZ SeaRise research programme updated Aotearoa New Zealand sea-level rise (SLR)
projections in May 2022 (Naish et al, in review). The NZ SeaRise method is based on the same
‘Framework for Assessing Changes to Sea-level’ (FACTS) framework that was used to generate
the 2021 Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6)
global and regional SLR projections (Fox-Kemper et al, 2021; Kopp et al, 2023; Naish et al, in
review). The NZ SeaRise projections combine the output from the probabilistic sea-level
projection methodology used for the AR6 SLR projections for the seas around Aotearoa with
vertical land movement (VLM) rates gridded from high-resolution interferometric synthetic
aperture radar (InSAR) satellite measurements (figure 9). The result is projections at a 2
kilometre spacing across a range of plausible climate scenarios are now available for SLR and
relative sea-level rise (RSLR) around the Aotearoa coast.

The VLM estimates are based on the analysis of historical INSAR observations collected by the
European Space Agency’s Envisat satellite between 2003 and 2011 (Hamling et al, 2022). This
period was used to reduce the temporal influences of recent major earthquakes on long-term
rates, because it preceded most of the moment magnitude (Mw) >6 events that struck
Aotearoa since late 2009. This inter-seismic rate (with an uncertainty band) was considered
appropriate for the extrapolation of satellite-derived VLM used in the RSLR projections,
because over the next 100 years the probability of a high-magnitude earthquake at any
location with large local vertical land displacement is low due to the historic length of the
earthquake cycle (Beavan and Litchfield, 2012).

However, the satellite-derived VLM estimates may not reflect the actual or ongoing rates for
areas that have experienced post-seismic event deformation or for localised areas with high
spatial and/or temporal variability. Large post-seismic deformation may follow a major event,
temporarily amplifying the local VLM before returning to inter-seismic rates in as little as

10 years (Hamling et al, 2017; Hussain et al, 2018). Seismic hazard risk (Stirling et al, 2012) and
the potential for rapid subsidence and/or uplift, while difficult to forecast, are always a
possibility. Also, VLM in some locations can be highly variable within a 2 kilometre radius, if
there is local subsidence due to compaction of reclaimed land or groundwater extraction, or
the region sits across a tectonic boundary (eg, Thames township’s reclaimed coastal margin).
In these cases, the spatial averaged 2 kilometre RSLR projections may not reflect localised VLM
rates in coastal margins.

The NZ SeaRise method is the only approach currently available for estimating RSLR around
the entire Aotearoa coast under a range of plausible future climate change scenarios (Naish et
al, in review). Over time, new information comprising updated monitoring of mean sea level
and VLM, the next tranche of climate scenarios and associated SLR projections or VLM
changes, or if a major earthquake occurs, will become available. Improvements to the NZ
SeaRise projections with new VLM and other data are already signalled, and, as projections
evolve, the NZ SeaRise platform will be updated (Levy et al, 2023). Further, Land Information
New Zealand is set to establish another six global navigation satellite system stations co-
located through Action 3.23 of the national adaptation plan (MfE, 2022a), which will result in
improved measures of sea level.

Using environmental models, or approaches like NZ SeaRise, which are emerging science or
contain uncertainties is appropriate for providing insight into complex systems when they
represent the only available information (MfE, 2023b). However, because of the uncertainty
associated with them, it is recommended that they are used alongside multiple sources of
information (MfE, 2023b). Therefore, because of the uncertainty associated with satellite
derived VLM rates from the NZ SeaRise method, a multi-evidence approach is recommended
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for assessing RSLR. These should be used alongside a DAPP approach, which allows for
adjusting pathways as new information emerges.

Figure 9: Averaged coastal vertical land movement around Aotearoa New Zealand

Note: The sites are at 2 kilometre spacing. Vertical land movement (VLM) rates are based on the analysis covering the
period 2003-11 by Naish et al (in review). Blue areas = subsidence. White areas are neutral. Red/orange areas = uplift.
The inset shows the spacing and spatial variability for the greater Wellington region, which is mostly subsiding
(excluding major earthquake ruptures).

Source: NZ SeaRise platform (www.searise.nz/maps-2)

Multi-evidence approach for assessing relative sea-level rise

Aotearoa is a tectonically active country straddling the boundaries between the Pacific and
Australian plates. Parts of the country are uplifting while others are subsiding. Changing
patterns of uplift and subsidence can bring forward or push back timing of when projections of
SLR could occur. Therefore, this guidance recommends using RSLR to account for VLM to
improve local estimates of when climate change induced coastal inundation might occur.

The NZ SeaRise method is the only approach currently available for estimating RSLR around the
entire Aotearoa coast under a range of plausible future climate change scenarios (Naish et al,
in review). Therefore, it represents the best available science for estimating RSLR nationally,
although alternative locally monitored estimates of VLM may be available for some locations.
However, while the projections are based on the same framework used by the IPCC, the
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Step 2: Assess sea-level rise and coastal hazards

satellite-derived estimates of VLM are emerging science and cover a relatively short time
period (8 years). Over time, new information will become available and improvements to
methods for estimating RSLR projections will occur, and some of these have already been
signalled (Levy et al, 2023) (see box 4).

For complex systems such as these, and where the science is still evolving a multi-evidence
approach is recommended (MfE, 2023b). Assessment of RSLR should draw on multiple lines of
evidence including(but not limited to):

e RSLR with satellite-derived VLM rates

e RSLR with locally monitored VLM rates (if available)
e SLR projections or increments without VLM

¢ |ocal information and expert judgement

e experience and judgements of mana whenua and others with local knowledge.

A monitoring and evaluation system within a DAPP approach (step 9 and step 10) should
explicitly include updates on any changes in VLM over time and the adaptive planning strategy
adjusted accordingly. This is because incorporating VLM, by using RSLR for areas that are
subsiding, means planning for earlier timing of sea-level thresholds being reached. For areas
currently uplifting at more than 0.5 millimetres per year, applying a precautionary approach is
recommended, where SLR, without accounting for VLM, is considered and compared with RSLR
that includes the uplift or subsidence. This approach is akin to coastal erosion hazard
assessments for currently accreting coasts, where future accretion is often discounted and set
to zero. More detail about how to use the SLR and RSLR projections and associated VLM is
contained in the following sections.

Recommended approaches for relative sea-level rise

The two approaches for assessing coastal hazards and risk from the recommended RSLR
projections and informing a DAPP approach are:

i) increments: regular increments of RSLR height (eg, at 0.1 metre or 0.2 metre3?) with
associated bracketed time windows when each height is reached, to cover the full range
of the recommended projections out to 2150, or

ii) projections: the recommended RSLR projections (or a subset covering the range) for the
planning timeframes outlined in section 2.1.2 from the NZ SeaRise platform that either:

(a) incorporate the satellite-derived VLM rate, or
(b) add alocally monitored VLM rate (if available) to the non-VLM projections.
Each of these approaches has advantages and disadvantages, depending on the purpose for

which they are being used. Increments and projections can also be used in combination in
some situations.

Table 5 summarises the main elements, advantages and differences between the two
approaches.

31 After an RSLR of 1 metre, the increments could be expanded to say 0.25 metre intervals, for example,
1.25 metres, 1.5 metres, 1.75 metres, 2 metres.
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Table 5: Main elements of the two relative sea-level rise approaches for assessing hazards and
risk and input to informing a dynamic adaptive pathways planning (DAPP) approach

Approach Main elements Advantages and disadvantages

Increments | Not tied to shared socio-economic pathway | Easy to visualise via hazard maps and
(SSP) scenarios (ie, scenario neutral) communicate where and at what increment

Uses NZ SeaRise platform to determine adaptation thresholds emerge (eg, figure 12).

bracketed time frames for each increment Good for both hazard and quantitative risk
across the range of recommended SSP assessments.

scenarios to at least 2150, Hazard and risk modelling may not require

Can be used at national, regional or local updating if projections or VLM change, only the
spatial scales. time brackets (for when the increments are
Implicitly includes vertical land movement exceeded).

(VLM) when related to bracketed Useful for stress-testing the lifetime of options
timeframes for relative sea-level rise (RSLR) and pathways, where an adaptation threshold in
projections. terms of an RSLR increment has been pre-agreed.

Not suited for use with other climate hazards or
drivers (eg, rainfall) in climate risk assessments,
where only projections based on SSP scenarios
may be available.

Projections | Tied to SSP scenarios (and nominated Provides a range of RSLR across SSP scenarios for
timeframes). various specific timeframes (eg, 2050, 2130).

Uses NZ SeaRise platform for time series of | More suited for stress-testing options and
specific RSLR projections to 2150. adaptation pathways for a specific planning

. . horizon.
Can be used at regional and local spatial

scales. Suits detailed hazard assessments, where other
hazards or climate drivers are only available as

Can incorporate satellite-derived VLM (using SSP scenario-based projections

NZ SeaRise platform) or locally monitored
VLM rate. Hazard and risk assessments need updating when

SSP scenarios or VLM rate changes.

If a time series of locally monitored VLM rates is
available, can add to NZ SeaRise SLR projections
(without satellite-derived VLM included).

Figure 10 shows the recommended SLR projections from a central location broadly
representative of SLR across Aotearoa for the medium confidence projections out to 2150
(excluding VLM). These projections are spliced with six tide-gauge records for annual MSL
over the past two decades, all relative to the new MSL baseline (1995-2014). When these
projections are translated to RSLR locally (by including VLM), they can then be used to
determine the range of rise in MSL that could occur over different timeframes (eg, 2050,
2130). The other way of using SLR (and RSLR) projections is to determine the time bracket
over which a specific SLR (or RSLR) height would be reached (figure 10). This is useful for
appraising adaptation or risk thresholds and physical limits for adaptation options (step 5).
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Step 2: Assess sea-level rise and coastal hazards

Figure 10: Recommended sea-level rise (SLR) projections (excluding vertical land movement) based
on shared socio-economic pathways scenarios (SSP) (from a central location, broadly
representative of SLR across Aotearoa New Zealand)
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Notes: The figure shows two examples of expected time brackets when a 0.4 metre and 1.0 metre sea-level rise
(SLR) height would be reached. Locally, incorporating vertical land movement from NZ SeaRise, a similar graphic can
be generated for specific relative sea-level rise heights, or refer to figure 14 in Climate change, sea-level rise and
coastal hazards science: Coastal hazards and climate change guidance — Supplement A.

The absolute SLR from south to north across Aotearoa New Zealand varies + 0.025 metres by 2150, relative to the
central location.

Shared socio-economic pathway (SSP) is used by the Intergovernmental Panel on Climate Change for climate
scenarios, with the latter number (2.6, 8.5 and so on) related to the previously used representative concentration
pathway. M = the median (50th percentile) projection for that SSP. H+ is the top of the likely range for the SSP5-8.5
scenario (83rd percentile), representing widening future deep uncertainties associated with SLR. Annual sea level
from the six tide-gauge records is sourced from Stats NZ (http://www.stats.govt.nz/indicators/coastal-sea-level-
rise).

Increments for relative sea-level rise

RSLR increments is a useful approach for hazard and risk assessment that informs decisions
on adaptation thresholds for local planning purposes. Use of the increments approach for
RSLR hazard and risk mapping is particularly informative for engaging with communities and
infrastructure providers to explore at what height of RSLR, and where, coastal hazards (like
flooding and erosion) become disruptive or intolerable (see figure 11).

This approach involves using a series of regular RSLR heights at either 0.1 metre or 0.2 metre
increments. These increments can then be retrospectively applied across the range of
recommended SSP scenarios to estimate the time bracket (out to 2150) when any specific
RSLR height could be reached. Increments of RSLR are not associated with a particular planning
horizon, which may be required for statutory purposes (eg, 30-year infrastructure strategy or
assessment of coastal hazards over 100 years). When updates to the SSP scenarios satellite-
derived VLM rate occur only the bracketed timeframes associated with the attainment of
each of these increments need to change (see figure 10, table 6 and table 7). Changes to

the bracketed time windows directly inform whether adaptive planning should be brought
forward (allowing for sufficient lead time) or slowed if the timing of each RSLR increment
may occur later.
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Timeframes can be estimated with or without VLM, providing RSLR or SLR increments
respectively. It is worth noting the RSLR projections in the NZ SeaRise platform that exclude
VLM (figure 10, table 6) do already include the wider national effects of glacio-isostatic
adjustment as well as regional variations in gravitational, rotational and deformational
changes of the land across Aotearoa. There are some situations and locations where it might
be appropriate to only estimate SLR increments, for example, if the satellite-derived VLM rate
has a poor quality factor (ie, 4-5), recent seismic uplift or subsidence has occurred, or locally
measured VLM has shown that the satellite-derived VLM rate is inaccurate. Excluding VLM,
however, means the timeframes associated with SLR increments are implicitly more uncertain,
and this uncertainty will need to be incorporated into hazard and risk assessments, as well as
any adaptive planning strategy.

Excluding VLM when uplift or subsidence rates are above 0.5 millimetres per year leads to
more uncertainty about timeframes and associated risks, particularly the timing of when
different levels of RSLR will occur. This is especially critical for areas with ongoing subsidence.
For example, for Petone (median VLM rate of —2.86 millimetres per year), a 0.4 metre SLR
threshold would be reached two decades earlier for a SSP2-4.5 M scenario compared with
not including VLM. Therefore, RSLR is the recommended increment approach (over SLR
increments) because it includes rates of VLM that provide more accurate time brackets for
hazard and risk assessments, as well as any adaptive planning strategy.

A monitoring and evaluation system within a DAPP approach (step 9 and step 10) should
explicitly include updates on any changes in VLM rates over time (including new coastal global
navigation satellite system (GNSS) stations?) for both subsiding and uplifting coasts, and the
adaptive planning strategy adjusted accordingly. An adjunct to ongoing monitoring and
evaluation is to also use RSLR height increments (0.1 metres or 0.2 metres) for hazard and risk
assessments and to determine adaptation thresholds. Table 5 outlines the advantage of this
approach, where the incremental changes in RSLR heights (and the assessments) still apply if
VLM changes — only the bracketed time period for reaching that increment changes.

Table 6 shows the indicative timeframes (to the nearest five years) for reaching various
absolute SLR heights, for a central location in Aotearoa, excluding VLM. The left-hand column
lists the earliest year when that SLR height could be reached (based on the SSP5-8.5 H+
projection) through to the latest year it could be exceeded (using a SSP1-2.6 M projection)

at the right.

Example to generate time brackets for relative sea-level rise increments at regional
or local scales

To generate time brackets covering local or regional relative sea-level rise (RSLR) projections
for your location, use the NZ SeaRise graphs and downloadable tables from the platform to
create a similar table (to table 6) with vertical land movement (VLM) included (especially if
the VLM rate is above 0.5 millimetres per year).

Table 7 shows an example for Nelson using the recommended RSLR projections from the
NZ SeaRise platform. The average VLM rate is approximately 2.0 millimetres per year
subsidence near the urban area of Nelson.

32 As part of Action 3.23 of the national adaptation plan (MfE, 2022a).
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Step 2: Assess sea-level rise and coastal hazards

Table 6: Summary of approximate year when absolute sea-level rise (SLR) heights could be
reached using the recommended projections for a central location in Aotearoa
New Zealand

Year achieved for Year achieved Year achieved
SLR SSP5-8.5 H+ (83rd | Year achieved for  Year achieved for  for SSP2-4.5 for SSP1-2.6
(metres) percentile) SSP5-8.5 (median) SSP3-7.0 (median) (median) (median)
0.2 2035 2040 2045 2045 2050
0.3 2050 2055 2060 2060 2070
0.4 2055 2065 2070 2080 2090
0.5 2065 2075 2080 2090 2110
0.6 2070 2080 2090 2100 2130
0.7 2080 2090 2100 2115 2150
0.8 2085 2100 2110 2130 2180
0.9 2090 2105 2115 2140 2200
1.0 2095 2115 2125 2155 >2200
1.2 2105 2130 2140 2185 >2200
1.4 2115 2145 2160 >2200 >2200
1.6 2130 2160 2175 >2200 >2200
1.8 2140 2180 2200 >2200 >2200
2.0 2150 2195 >2200 >2200 >2200

Notes: Approximate year (to the nearest five-year value) when each absolute sea-level rise (SLR) height could be
reached from a central location from the NZ SeaRise platform, under the medium confidence SLR projections,
relative to the 1995-2014 baseline (mid-point 2005). Excludes vertical land movement and the low confidence SLR
projections. The table uses 0.1 metre SLR height increments up to 1 metre, thereafter 0.2 metre height increments.

Can be considered broadly representative across Aotearoa New Zealand, because the absolute SLR from north to
south only varies by + 0.025 metres by 2150 (relative to the central location).

Table 7: Example: Approximate year when relative sea-level rise (RSLR) increments could be
reached using recommended projections for the Nelson urban area (compared with
table 6 where vertical land movement is not included)

Year achieved for  Year achieved for = Year achieved for Year achieved Year achieved
RSLR SSP5-8.5 H+ SSP5-8.5 SSP3-7.0 (median) for SSP2-4.5 for SSP1-2.6
(metres) (83rd percentile) (median) (median) (median)
0.2 2030 2035 2035 2035 2035
0.3 2040 2045 2045 2050 2050
0.4 2045 2055 2055 2060 2065
0.5 2055 2065 2065 2070 2080
0.6 2060 2070 2075 2080 2095
0.7 2070 2080 2085 2090 2105
0.8 2075 2085 2090 2100 2120
0.9 2080 2090 2100 2110 2135
1.0 2085 2100 2105 2120 2150
1.2 2095 2110 2120 2145 2180
1.4 2105 2125 2135 2165 >2200
1.6 2115 2140 2150 2185 >2200
1.8 2125 2150 2165 >2200 >2200
2.0 2130 2170 2180 >2200 >2200
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Note: Approximate year (to the nearest five-year value) when the relative sea-level rise (RSLR) increment could be
reached. The average mean sea level (MSL) for Port Nelson over the baseline period 1995-2014 is 2.335 metres
above Chart Datum. In terms of survey levels, New Zealand Vertical Datum-2016 is 2.578 metres above Chart
Datum. This means the 1995-2014 MSL is —0.243 metres (appendix D), to which the RSLR increments can be added
to translate to MSL in New Zealand Vertical Datum-2016 levels into the future for each time bracket.

Sourced from the NZ SeaRise platform that includes VLM for an average subsidence rate of 2 millimetres per year.
Increments are relative to the Port Nelson average MSL over a 1995-2014 baseline.

Projections of relative sea-level rise

At the local and regional scale, it is recommended to use the five RSLR projections (or at least
the range) for planning, especially where subsidence or uplift is more than 0.5 millimetres per
year. Below this rate, RSLR projections can still be used, but the difference between including
or excluding VLM is less sensitive to when an SLR threshold is reached.

Satellite-derived vertical land movement

To incorporate satellite-derived VLM, select the nearest node on the NZ SeaRise platform3
(figure 9) for RSLR, which will plot as a heavy line for the median projection (compared with
the dashed line for the absolute SLR). A VLM error estimate and a quality factor® (1 = good,

5 = poor) is generated for each location on the NZ SeaRise platform (see box 3). To check the
quality factor and averaging distance for VLM rates, download a .csv attribute file(s) under the
Download button for the relevant site(s) by ring-fencing them with a mouse-driven polygon. If
the quality factor value is at the poor end of the scale (4-5), or the error estimate is high, then
a sensitivity test may be required until a data update with more accuracy becomes available.
Use different RSLR projections covering the shaded likely range (not just the median) to test
the adaptation option, along with locally monitored VLM rates (if available) and checking
neighbouring nodes with higher quality factors.

Where the VLM rates are broadly similar (eg, less than 0.5 millimetres per year difference
from a spatial average), RSLR projections could be averaged across a region, checking and
noting what the variation means in terms of the bracketed time windows or RSLR in a planning
time horizon. As an example, the subsidence rate around the coastal margin of the Nelson
urban area is relatively consistent, in a range —1.67 millimetres to

—2.79 millimetres per year. Therefore, the RSLR projections from site #6488 (Neale Park — SH6),
which has a VLM rate at the spatially averaged Nelson urban rate of —2.1 millimetres per year,
would suffice for the entire urban area and is used to generate table 7.

Across some regions, districts or cities, VLM can vary markedly over relatively short distances.
In that case, care is needed if using RSLR projections with an average VLM rate across a region
or district for resource management plans, or council building or engineering standards. In this
situation, councils could use different VLM rates for sub-regions or precincts for setting
minimum floor and ground levels. For example, as set in council inundation practice notes

(eg, in district plans, engineering standards or land-use plans) where the planning rules for
managing significant risk may differ spatially by using an overlay showing different colours for
varying rules for subdivision, relocation or earthworks by location.

Sampling and averaging the VLM rates on a 2 kilometre grid (figure 9) mean spatial variability
is captured within the uncertainties of each of the VLM estimates in RSLR projections. An error

3 see www.searise.nz/maps-2, for more information.

34 Available via the Download button (to RHS) on the NZ SeaRise platform, by drawing a polygon around
relevant sites.
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and a quality factor (1 = good, 5 = poor) are generated for each location that consider the
number of satellite observations available for each coastal location, the radial distance used
to bin (sample) the observations and the distance to the nearest GNSS station. If a quality
factor is poor, and/or a locally monitored VLM rate is available and is considerably different
from the satellite-derived VLM rate, then the latter can be used instead. If the quality factor
value is at the poor end of the scale, or the error estimate is high, then a sensitivity test with
different VLM rates to test the DAPP options and pathways, coupled with local knowledge of
VLM, may be required until a data update with more accuracy becomes available. More
information on the quality factor and range of VLM variability for each site is available in Naish
et al (in review) and on the NZ SeaRise website.

Locally monitored vertical land movement

In areas where the localised subsidence (negative VLM rate) or uplift (positive VLM rate) is
being monitored over time and is considerably different from the NZ SeaRise satellite-derived
VLM rate, use the SSP scenario-based SLR projections in the NZ SeaRise platform without VLM
(median line is dashed). Then add on the contribution (in metres) from the monitored VLM
rate (mm per year) using this formula to the non-VLM SLR projections from the platform

(also in metres):

—1.0 x VLM rate [mm/yr] x (Future Year — 2005)/1000 [metres]

An example is the historically reclaimed coastal margin along the Thames (Coromandel)
foreshore, which is subsiding at rates known from a local monitoring programme whereas the
main landward part of Thames is uplifting.?®

Independently determining locally measured VLM rates may also be relevant for Christchurch,
North Canterbury and Kaikoura, once monitoring establishes a consistent post-earthquake
trend in VLM.

Some caution is still needed to appraise how widely the monitored VLM at a site is
representative of the movement of the surrounding area.

2.1.3 Interim allowances for relative sea-level rise

Interim RSLR allowances are provided as guidance for plan making and land-use decisions (eg,
intensification, change in land use) for coastal areas. They form a precautionary initial planning
and design response, before undertaking a detailed risk assessment (step 4), followed by

the development of an adaptive planning strategy based on the DAPP approach (step 6 and
step 7). The DAPP approach takes a system view to evaluating cascading impacts. This
approach is consistent with council planning decisions that implement other Resource
Management Act 1991 requirements and policies, such as the precautionary approach

(Policy 3, NZCPS, DOC, 2010).

For making interim decisions on new coastal development or infrastructure and changes

in land use, such as intensification and upzoning, the precautionary interim allowance
recommended (before an adaptive planning strategy is developed) is to use the

SSP5-8.5 H+ based RSLR projection to identify areas ‘potentially affected’ by coastal hazards
and climate change. Timeframes are also informed by the risk of being affected by coastal

%5 see section on assumption and caveat of VLM rates in Climate change, sea-level rise and coastal hazards
science: Coastal hazards and climate change guidance — Supplement A.
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hazards, with greater or longer term investments, such as infrastructure or new suburbs,
needing assessment over at least a 100-year period out to 2130.3¢

Developing an adaptive planning strategy (based on the DAPP approach) is strongly
encouraged to move past the need for precautionary interim allowances. This is so that
communities, iwi/hapi and other stakeholders can move to more sustainable options that
have been stress-tested and evaluated across a range of RSLR projections. In general, planning
to transition to more sustainable adaptation options over time is consistent with policies
managing coastal hazard and risk in the NZCPS (Policy 27, DOC, 2010).

Policy 27(1)(e) of the 2010 New Zealand Coastal Policy Statement, which should be followed in
coastal areas, states (DOC, 2010, p 24):

[27](2) In areas of significant existing development likely to be affected by coastal hazards, the
range of options for reducing coastal hazard risk that should be assessed includes:

(e) identifying and planning for transition mechanisms and timeframes for moving to

more sustainable approaches.

Table 8 shows the recommended precautionary RSLR projections to use as interim allowances
for plan revisions and land-use decisions for coastal areas prior to the development of an
adaptive planning strategy based on the DAPP approach. Determination of which planning
category a specific application falls within should also include consideration of the implications
for an activity, for example, the effect on increasing overland flow paths and flows to
stormwater networks, residual risk (from protection works), intended usage of ground

floors (non-habitable), accessibility from more frequent road outages, long-term viability

of maintaining utility services, and availability of alternative locations. The NZCPS provides
policies on where to avoid, encourage, discourage or consider the effects of coastal hazards
on subdivision, use and development over at least the next 100 years (Policy 25, NZCPS,

DOC, 2010).

Table 8: Interim precautionary relative sea-level rise allowances recommended to use for coastal
planning and policy before undertaking a dynamic adaptive pathways planning
approach for a precinct, district or region

Planning category Recommended interim precautionary RSLR allowances

A. Coastal subdivision, Using a timeframe out to 2130 (>100 years), apply the medium confidence
greenfield developments and SSP5-8.5 H+ based RSLR projection* that includes the relevant VLM rate for
major new infrastructure the local and/or regional area.

(Note: approximately 1.6 metre rise in MSL, before including VLM.)

B. Changes in land use and Using a timeframe out to 2130 (>100 years), apply the medium confidence
redevelopment (intensification SSP5-8.5 H+ based RSLR projection* that includes the relevant VLM rate for
and upzoning) the local and/or regional area.

(Note: approximately 1.6 metre rise in MSL, before including VLM.)

C. Land-use planning controls Using a timeframe out to 2130 (>100 years), apply the medium confidence
for existing coastal uses and SSP5-8.5 M based RSLR projection that includes the relevant VLM rate for
assets (building additions) the local and/or regional area.

(Note: approximately 1.2 metre rise in MSL, before including VLM.)

36 Medium confidence projections are available further out to 2150 on the NZ SeaRise platform.
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Planning category Recommended interim precautionary RSLR allowances

D. Non-habitable, short-lived Using a timeframe out to 2075 (=50 years), apply the medium confidence
assets with a functional need to | SSP5-8.5 M based RSLR projection that includes the relevant VLM rate for
be at the coast, which are either | the local and/or regional area.

low consequences or readily (Note: approximately 0.5 metre rise in MSL, before including VLM.)
adaptable (including services)

Notes:

* H+ is the 83rd percentile (or p83 at the top of the likely range on graphs in the NZ SeaRise platform).

i) Relative sea-level rise (SLR) projections that include satellite-derived vertical land movement (VLM) are
available from the NZ SeaRise platform. Alternatively, locally monitored VLM can be applied to the SLR
projections.

ii) M =median or p50 (50th percentile); MSL = mean sea level; RSLR = relative sea-level rise; SSP = shared socio-
economic pathway used by the Intergovernmental Panel on Climate Change; VLM = vertical land movement.

The approximate rise in MSL can be considered broadly representative across Aotearoa New Zealand, because the
absolute SLR from north to south only varies by + 0.025 metres by 2150 (relative to the central location).

2.1.4 Scenarios and relative sea-level rise projections
for hazard and risk assessments

Hazard and risk assessments and mapping (step 2 and step 4) will need to draw from the
RSLR projections (section 2.1.2), or preferably®” increments of RSLR heights (eg, 0.1 metre or
0.2 metre intervals for the first 1 metre at least) that cover the range of projections over the
planning horizon of at least 100 years.

Outputs from these assessments, especially maps of coastal hazards and risk under different
RSLR, will inform decisions on adaptation thresholds and triggers (decision points) for options
and pathways in a DAPP approach. They also create an understanding of the sensitivity of
impacts to a range of sea-level futures at a locality or district or regional scales.

This guidance takes a risk-based approach to the use of projections and/or increments of RSLR.
In this respect, the upper-range SSP5-8.5 H+ should continue to be used in screening and
detailed hazard and risk assessments to identify coastal areas potentially affected (Policy 24,
NZCPS, DOC, 2010) and high-end stress testing of adaptation options and pathways (step 6).
Furthermore, using the RSLR projection based on SSP5-8.5 M allows RSLR to be linked to the
other climate drivers (eg, rainfall) if a multi-hazard and risk assessment is being done.

The recommended minimum SSP scenarios and RSLR projections for assessments in table 9
generally align with the national adaptation plan and Ministry for the Environment guidance
on local climate risk assessment (MfE, 2021, 2022a).

37 preferably’ is used in the sense that it is advantageous in practice to use increments of RSLR (see table 7).

However, specific projections are also needed for consistency when assessing a broader range of hazards
and climate risks or for first-pass hazard or risk screening.

Part A: What is happening? 53


https://www.searise.nz/maps-2

Table 9: Recommended minimum shared socio-economic pathway scenarios for relative sea-
level rise projections to use for screening and detailed phases of hazard and
risk assessments

Assessment phase Recommended minimum SSP scenarios to use

Initial screening for coastal For a timeframe out to 2130 (=100 years), at a minimum:

hazard or risk assessments
For RSLR: use either the medium confidence SSP5-8.5 M or SSP5-8.5 H+

projections* that include the relevant VLM rate or preferably increments of
RSLR heights, which would be needed later in detailed assessments (eg,
0.1 metre or 0.2 metre covering the full range of RSLR up to SSP5-8.5 H+).

Detailed coastal hazard or risk For a timeframe out to 2130 (=100 years), at a minimum:

t
assessments For RSLR: use both the medium confidence SSP2-4.5 M and SSP5-8.5 M RSLR

projections that include the relevant VLM rate or preferably increments of
RSLR heights (eg, 0.1 metre or 0.2 metre covering the full range of RSLR up
to SSP5-8.5 H+).

Notes:
* H+ is the 83rd percentile (or p83 at the top of the shaded likely range in NZ SeaRise graphs).
i) Relative sea-level rise projections are available from the NZ SeaRise platform.

ii) M =median or 50th percentile (or p50 at the middle of the shaded likely range in NZ SeaRise Platform
graphs); RSLR = relative sea-level rise; SSP = shared socio-economic pathway; VLM = vertical land movement.

2.2 Coastal hazard assessment

2.2.1 Types of coastal hazards
Natural hazards in a changing climate for coastal areas can be related to either:

e aworsening of the impacts from coastal hazard events (magnitude, changing frequency,
persistence and compound or multiple contributors), or

e aprogressive change or trend (eg, high-tide flooding extending intertidal areas,
groundwater rise, salinisation of land and freshwater) from the ongoing rise in MSL and
other climate drivers (figure 3).

Both need to be considered in coastal hazard assessments, rather than the conventional focus
on coastal hazard events.

Coastal inundation

Changes in storm surge, storm intensity and ocean drivers

Trends and projections of future changes in associated coastal and ocean drivers (wind, waves,
storm surges and changes to tide range in estuaries and inlets) are not as clear and consistent
as the more dominant rise in MSL (on which coastal hazard events are exacerbated). Projected
changes to the contributing processes that combine to generate hazard events (besides

RSLR) are likely to vary by region, as storm tracks, winds and weather systems respond to
climate change. The projected changes across Aotearoa in wave heights and storm surge with
climate change are likely to be relatively modest or inconclusive, however, changes to storm
intensity and particularly the frequency of the most extreme events, are more uncertain (see
Climate change, sea-level rise and coastal hazards science: Coastal hazards and climate change
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guidance — Supplement A for more details). To cover some of these uncertainties, section 2.2.2
provides guidance on sensitivity testing of these contributors to coastal hazard events.

Increases in tide range (and high tide level) in estuaries and lowland rivers (from a higher mean
sea level) may be more impactful for shallow waterbodies that currently dampen (reduce) the
tidal range inland from the inlet or where stopbanks or causeways impede elevated high tides
from spreading out over the low-lying margins (Hague et al, 2023). The future rate of
sedimentation in these waterbodies, and whether it keeps pace with RSLR, is a critical factor
influencing tidal characteristics. Sedimentation processes, including catchment runoff, are
themselves also influenced by climate change.

Compared with the present situation — where waves and storm tides are the main drivers of
flooding in coastal areas — later this century and beyond RSLR will increasingly become the
dominant contributor by elevating coastal hazard events, generating more frequent flooding
and associated impacts on existing development (Le Cozannet et al, 2015). Besides extreme
events, future climate-influenced changes to waves, winds, tide range and sequencing and
frequency of storms will also lead to progressive ongoing changes to geomorphology, shoreline
position, groundwater levels and salinisation. These should also be part of a coastal hazard
assessment (Policy 24, NZCPS, DOC, 2010). Uncertainties remain, however, particularly about
the increased frequency of more intense ex-tropical cyclones and other mid-latitude storms.
These should be considered and evaluated as part of applying a precautionary approach to
hazard and risk assessments (Policy 3, NZCPS, DOC, 2010).

Coastal flooding

Coastal flooding of the margins of beaches and estuary lowlands (from storm surges, wave
processes and king tides) will become a more dominant coastal hazard compared with localised
coastal erosion. RSLR will greatly increase the frequency, depth and inland extent of coastal
flooding, with previously rare extreme events®® changing to occur annually (on average) with
only modest 0.3 metre to 0.45 metre increases in RSLR, depending on the location’s tide range
and storm-surge distribution across different annual exceedance probabilities.?

Coastal flooding in various combinations with higher groundwater levels, rainfall runoff*
and increases in high tide in estuaries, inlets and lowland rivers will lead to more frequent
compound flooding impacts on urban settings and coastal lowlands. It will also increase
challenges in managing stormwater networks and drainage schemes.

Flooding will be both episodic (ranging from extremes events to nuisance flooding from minor
storms elevated by ongoing RSLR) and progressive through the gradual high-tide inundation of
low-lying coastal land. Over time, as moderate, nuisance and king-tide flood events become
common place, this will lead to a greater cumulative risk to the built environment than
infrequent extreme events (Paulik et al, 2021).

Groundwater rise

Groundwater rise is the upward movement of the water table due to short- or long-term
fluctuations in rainfall recharge and/or river, ocean or tidal levels (Bosserelle et al, 2022).

38 Usually defined as a 1 per cent annual exceedance probability (AEP) event.

39 see Bell, 2021; Fox-Kemper et al, 2021; Parliamentary Commissioner for the Environment, 2015;

Rasmussen et al, 2018, 2022; Stephens et al, 2018.

40 Higher rainfall intensities, especially for short durations, will increase as surface temperatures rise:

see https://hirds.niwa.co.nz (Bodeker et al, 2022; Lawrence et al, 2022; MfE, 2018).
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Low -lying coastal areas may be vulnerable to groundwater rise from RSLR and other
climate -driven hydrological processes, including increased rainfall intensities.

The effect of RSLR on groundwater will depend on complex interactions among
hydrogeological processes, the sub-surface environment, type of aquifer (confined or
unconfined), modification of the natural environment (urbanisation), and connection to

the sea (Bosserelle et al, 2022). Locations where water levels in unconfined shallow aquifers
already have tidal fluctuations are vulnerable to ongoing RSLR, because they have a direct or
indirect*! hydraulic connection with the ocean.

Groundwater flooding may occur infrequently during extreme events (eg, high tide coinciding
with heavy rainfall), when surface and marine compound flooding also occur. Therefore, multi
or compound hazard and risk assessments are needed (Bosserelle et al, 2022). For example, a
rise in the groundwater level impedes drainage of rainwater during storms and can contribute
to and exacerbate surface coastal or pluvial flooding.

While not directly considered by this guidance, the progressive salinisation of groundwater
sources used for irrigation, stock water and potable water should be considered as part of
longer term considerations for service provision when developing an adaptive planning strategy.

Coastal erosion (beaches and cliffs)

The frequency and magnitude of coastal erosion will also increase to affect most coastlines.
Unlike coastal flooding, future coastal erosion rates will be a function of both RSLR and other
climate change effects (eg, changes in rainfall intensity, catchment runoff, waves, storm
sequencing and sediment supply) and will affect changes in sediment patterns and rates of
sediment transport (Bryan and Coco, 2020; Cazenave and Le Cozannet, 2014; Coco et al, 2020;
Dickson and Thompson, 2020; Masselink et al, 2020). In turn, these changes will affect the
shape and orientation of beaches and shoreline positions, which may influence rates of coastal
erosion.

Special features, such as sand spits, tidal entrances, narrow barrier islands and pocket beaches,
are particularly vulnerable, being sensitive to changes in sediment movement from subtle
changes in wave climate and sediment supply from the catchment via rivers and streams, as
well as RSLR (Bryan and Coco, 2020; MfE, 2008). Consequently, future shoreline changes of
these features will exhibit considerable uncertainty and variability.

Assessing the hazard from coastal erosion is not as advanced as for coastal flooding, especially
with respect to how RSLR interacts with other coastal and hydrological sediment processes and
the contextual geomorphology (eg, sandy or gravel beaches and sedimentary cliffs). However,
progress is being made (Bryan and Coco, 2020; Coco et al, 2020; Dickson and Thompson,
2020), and the Resilience Science Challenge is conducting national mapping of coastal erosion
(Dickson et al, 2022).%?

Cliff coastlines, while generally less sensitive to RSLR than low-elevation sandy or gravel
coastlines, are still at risk from coastal erosion (Dickson and Thompson, 2020), but there is
likely to be considerable spatial variability in future erosion rates under RSLR (Dickson et al,
2023). Some cliff sites will be at risk from increased coastal erosion depending on the
underlying geomorphology and exposure to ocean currents and storms. This could have a

41 An indirect rise in groundwater due to RSLR could occur inland of a confined aquifer at the coast, when it
becomes unconfined and connected to the ground surface.

42 National Science Challenges. Coastal Hazards. Retrieved 22 December 2023.
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potentially big impact for some cliff-top sites, which could be incorrectly viewed as safe from
the effects of sea-level rise. Cliff erosion may also be exacerbated by other climate change
effects, such as heavy rainfall and prolonged droughts.

The response of sediment budgets and coastal geomorphology to climatic effects is uncertain,
arising from increasing uncertainty in several of the contributing processes that shape
shoreline response.®® Climate change, sea-level rise and coastal hazards science: Coastal
hazards and climate change guidance — Supplement A describes in more detail how climate
change may alter rates of coastal erosion or accretion.

Compounding hazards

Coastal flooding and erosion, higher groundwater levels, high lowland-river flows and intense
rainfall impacts will occur individually in hazard-prone coastal areas. Coastal lowlands and
urban settings are increasingly likely, however, to experience a combination of these hazards
at a similar time, particularly as the sea level rises and impinges on lowland freshwater systems
and from coincident higher rainfall intensities (Moftakhari et al, 2017; Stephens and Wu,
2022). Arisk-based approach to managing coastal hazards requires determining or estimating
the combined probabilities of different magnitude events and their consequences. This is
complex for compound hazards, especially if climate change multiplies the effect differently on
each of the contributing processes.

Many of Aotearoa New Zealand’s towns and cities developed around river mouths or estuaries
and are vulnerable to river, surface and groundwater flooding, exacerbated by high storm
tides. The increasing frequency of compound effects may prove problematic in these places
(including for drainage and stormwater management), exacerbating the impact of a type of
hazard, such as flooding.

A few Aotearoa studies have accounted for multiple hazards or their joint probability. Datasets
on joint coincidence of storm tides and waves are available in some regions (eg, Allis et al,
2015; Stephens et al, 2013, 2015a). Joint probability analyses of storm tides and river flows were
undertaken as part of flood modelling for the Buller River and Westport (Pearson, 2004; Wild

et al, 2004). Nationally, Stephens and Wu (2022) have mapped the joint dependence of
coastal storm surges, rainfall and river flow occurring together and related these compound
flooding events to types of weather systems, some of which are more conducive to a higher
dependence between the contributing hazards (eg, blocking high pressure systems to the

east of Aotearoa).

Tsunami inundation

Tsunami hazards are not addressed in any detail in this guidance but should be considered for
completeness in a first pass coastal hazard screening (Policy 24, NZCPS, DOC, 2010). RSLR will
somewhat increase tsunami inundation, potentially elevating tsunami wave heights and
causing them to affect a wider area and further inland. Margins of estuaries and harbours may
also become more vulnerable to tsunami if entrance channels deepen in response to greater
tidal flows at a higher sea level. While the most important determinant of a tsunami’s impact

3 see Bryan and Coco, 2020; Cazenave and Le Cozannet, 2014; Coco et al, 2020; Cooper et al, 2020; Dickson
and Thompson, 2020; Masselink et al, 2020.
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will remain its height and wave period when it arrives at the coast,* RSLR will further
exacerbate the inland reach and overland inundation depths of a tsunami.

The extent of the present-day orange tsunami evacuation zones* provides a broad
understanding, prior to coastal flood hazard screening, of the landward extent of low-lying
coastal land and potential future coastal flooding areas. Climate change, sea-level rise and
coastal hazards science: Coastal hazards and climate change guidance — Supplement A
describes how climate change may alter tsunami coastal hazards.

2.2.2 Relative sea-level rise and coastal hazard
assessments

Policy 24 of the NZCPS requires identification of areas that are “potentially affected by coastal
hazards” and assessment of the risks over “at least 100 years” (DOC, 2010, p 23; DOC, 2017).
The NZCPS takes a risk-based approach to managing coastal hazards. It is recommended that
this includes determining contemporary probabilities of different types of hazards, before
including climate change and SLR effects and their consequences.

The purpose of a coastal hazard assessment is to identify the spatial extent (eg, mapping)

and magnitude of present and future hazard events, as well as progressive ongoing change,
including the effects of climate change, as listed in Policy 24(1) (DOC, 2010). Taking an adaptive
risk-based approach means including a range of future RSLR projections (or increments of
RSLR; see table 7) in the coastal hazard assessment, along with other climate-related drivers
(eg, changes in rainfall, storms, winds, waves, groundwater), to inform which areas are
potentially affected and when.

First pass regional scale hazard screening can be done to bring attention to impacts that span
multiple territorial authority jurisdictions. It can be used to assess and inform current and
future development regional strategies and to coordinate adaptation planning. This screening
can also be used to leverage joint funding for research, investigations and engagement for a
detailed assessment. Hazard screening enables a focus on those areas where risk from coastal
hazards (primarily flooding and erosion) is likely to be immediate (now or next few decades)
or high in the long term (at least 100 years). This is to inform interim planning decisions to
avoid or reduce (where appropriate) increasing the risk for coastal margins (eg, table 6), prior
to detailed hazard and risk assessments and the development of an adaptive planning strategy
(based on the DAPP approach) (step 6 and step 7).

Detailed place-based hazard assessments and associated mapping can then be developed.
These are useful for community engagement, including ascertaining values and objectives
(step 3), which are used as input into vulnerability and risk assessments (step 4). Detailed
assessments also inform the development of an adaptive planning strategy based on the
DAPP approach (step 6, step 7 and step 8).

The next two sub-sections outline the level and extent of a first-pass screening, followed by a
detailed hazard assessment, with RSLR projections or increments to use summarised in table 7.
A screening assessment for coastal hazards (eg, flood, erosion) should include representations
for one or two annual exceedance probability (AEP) magnitudes or levels. A detailed hazard
assessment may include more representations to cover a range of AEPs (extreme, moderate

4 National tsunami map: www.gns.cri.nz/data-and-resources/2021-national-tsunami-hazard-model.

4 National Emergency Management Agency. 2016. NEMA Directors’ Guidelines for modelling tsunami
evacuation zones. Retrieved 22 December 2023.
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and nuisance events), as well as testing the hazard sensitivity to statistical uncertainty of the
computed estimate for an extreme AEP (eg, 95 per cent confidence level).

Incorporating Indigenous worldviews

This guidance recommends that coastal hazard assessments are informed by matauranga
Maori and an Indigenous worldview, including local and technical knowledge and experiences.

A holistic view acknowledges the intrinsic connection between the atmosphere, climate and
wider environmental system. It recognises the interdependencies and inter-relatedness of
things, including between people and their environment.

The holistic and reciprocal connection between Maori and the natural world is formed through
shared whakapapa (genealogy). The creation and ongoing balance of the natural world is
interconnected through this web of kinship, and responsibility to care is reflected in plrakau
(stories) where these relationships shape connection to the environment (Harmsworth and
Awatere, 2013).

Te ao Maori sees stress on any composite part of the system as creating its own measurable
impact on other parts of the whole. It then looks at the quality and state of wellbeing, and
assesses that against a measure of abundance, vibrancy, regeneration and health. This has
complementary value to assessments but starts from abundance or rauora.

For further reading on this, refer to Hikuroa (2020), Jones et al (2023), Bailey-Winiata (2021),
and Wilkinson et al (2020).

First pass hazard screening

This initial stage is a hazard exposure screening exercise, using one or two RSLR projections (or
at a minimum consider using SSP5-8.5 H+) to determine the area potentially affected over at
least 100 years (see table 7).% These first pass screening hazard assessments are generally
undertaken by the regional council or unitary authority. The purpose of a region-wide hazard
exposure screening exercise, usually with one upper-range climate scenario and associated
RSLR projection (table 7), is to broadly identify areas “that are potentially affected” by coastal
hazards and climate change (Policy 24, NZCPS, DOC, 2010, p 24). The outputs of a screening
assessment should then guide identification of “areas at high risk of being affected” and
inform subsequent detailed hazard (and risk) assessments for coastal compartments or
localities to focus on, considering areas at high risk of both imminent and long-term risk*’
(see table 6).

First pass hazard screening can be done in several ways (using various types and sources of
existing data and information). Box 5 describes main tasks in sequential order for a regional or
district-wide hazard screening.

46 More guidance can be found in box 2, p 18 of DOC (2017).
47 See section 6.2, p 28 of DOC (2017).
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BOX 5: MAIN TASKS FOR REGIONAL OR DISTRICT HAZARD SCREENING PROCESS

1 Initial questions to guide hazard screening:
—  What are the hazard sources?

—  What will be affected by the hazard and compounding hazards? Where are the
vulnerable areas, and where should we focus our effort?

—  What type of hazard assessment should we do? You can use various combinations of
data analysis, modelling and mapping techniques. The approach depends on factors
such as the locality, data availability, cost and assets at risk.

—  What scale of assessment is required? First pass hazard assessments can be done
first followed by more detailed assessments in areas affected.

—  What climate change scenarios should we use? To account for deepening
uncertainty over time, consider one or two hazard magnitudes (using contemporary
annual exceedance probabilities), upper-range relative sea-level rise (RSLR)
projections or increments from table 7.

—  What tools and models should we use and what are the data requirements?
Document and make transparent the uncertainties and assumptions underpinning
the methodology.

2 Sources of data and information — these could include the following:

—  Assess existing or emerging problems: Council staff and Civil Defence Emergency
Management groups may be aware of past events and existing or emerging
problems in particular areas that are obvious priorities for more detailed hazard
assessment.

—  Conversations with coastal communities: These should cover local knowledge of
events or observed gradual changes (including photographs and media articles).

—  Hui with iwi/hapi: Shared information and observations on marae, taonga, areas of
customary rights and other cultural sites where changes are occurring in the context
of matauranga Maori.

—  Expert workshop: Vulnerable areas can be identified by experienced staff,
stakeholders, consultants and iwi/hapt with knowledge and experience of the
coastal areas of the region or district, such as knowledge of land elevation,
monitoring data trends, floodways, geomorphological change over time, hazard
sources, demographics and familiarity with existing building, asset and cultural
sites” databases.

—  Literature surveys of existing information: Reports, papers*® and existing natural
hazards portals hosted by councils (eg, Otago Regional Council*®) and Toka Ta Ake
EQC.*®

— National Coastal Change Database: Historic erosion data are being compiled by the
University of Auckland through the Resilience National Science Challenge and will be
released on the following website by June 2024 (https://data.coastalchange.nz/).

“® For example, Bell et al, 2015; Parliamentary Commissioner for the Environment, 2015; Paulik et al, 2019,

2020, 2021, 2023; Simonson and Hall, 2019.

4 see Otago Regional Council. Otago Natural Hazards Database. Retrieved 22 February 2024.

0 Toka Ta Ake EQC. Natural Hazards Portal. Retrieved 22 February 2024.
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Step 2: Assess sea-level rise and coastal hazards

BOX 5: MAIN TASKS FOR REGIONAL OR DISTRICT HAZARD SCREENING PROCESS

—  Broad scale hazard assessments: Using analytic or probabilistic techniques and
available data including any contemporary annual exceedance probability or erosion
cut-back probabilities, usually for coastal erosion or coastal flood assessments>?

(eg, Paulik et al, 2023, for coastal flooding). The National Institute of Water and
Atmospheric Research national coastal flood mapping work, which links in with the
NZ SeaRise Project and some council coastal flood maps, can be accessed online.>?

—  Geographic information system or GeoMaps analysis: Overlays of topographic (eg,
LiDAR) and hazard layers and zones to explore the exposure to various receptors,
through spatial databases on demographics, buildings, roads, cultural sites and the
natural environment (eg, esplanades, reserves, wetlands, marshes, dune systems).
Examples are a coastal inundation and sea-level rise slider or erosion zone
interactive maps.> These are also a good communication tool for partners and
communities on what the council aims to do and why.

—  Evaluation of hazard exposure using a risk analysis platform, such as RiskScape,> to
initially evaluate broad-scale hazard layers (from models or polygons) to overlay on
datasets of receptors (buildings, roads, reserves, critical facilities and so on). Such
hazard exposure assessments and associated maps (eg, figure 12) are then already
set up and available to subsequently undertake the detailed hazard assessment and,
later in step 4, the risk assessment.

3 Hazard screening outputs — these should include the following:

— Identify localities at high risk of being affected over the next 100 years (Policy 24,
New Zealand Coastal Policy Statement, DOC, 2010), considering both long-term and
more imminent areas at high risk.

—  Determine what coastal compartments and their inland extent (ie, spatial scale)
should be assessed for detailed coastal hazard, and eventually risk assessments, to
inform interim planning decisions to avoid increasing the risk, before undertaking a
dynamic adaptive pathways planning approach and developing an adaptive planning
strategy.

—  Preliminary mapping of hazards (eg, coastal flooding at RSLR increments, figure 12),
including determining the best way to visualise the screening results and
communicate the findings.

— ldentify data and information gaps that may require additional observations or
further modelling or analysis for the detailed coastal hazard assessment.
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See appendix A. Case study A.2 shows use of a joint probability approach to determine the combination of
regional or local wave setup, runup and storm-tide levels that produce the greatest coastal flooding. Case
study A.5 is a probabilistic erosion hazard application on the Northland coast.

See NIWA, Extreme coastal flood maps for Aotearoa New Zealand. Retrieved 22 February 2024.

See Waikato, Coastal inundation tool; Greater Wellington, Sea Level Rise and Storm Surge Modelling; and
Tasman District, Coastal hazards map viewer. Retrieved 22 February 2024.

Developed by NIWA, GNS Science and latterly, Toka TG Ake EQC, and Paulik et al (2022). See also
https://riskscape.org.nz/ for more information.
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Detailed coastal hazard assessment

Once first pass hazard screening has been completed, detailed assessments can analyse and
map specific hazards or compound hazards and the effects of a range of RSLR projections (or
increments) and other climate change drivers on them (figure 3). Detailed coastal hazard
assessments should clearly show the location and/or area, and nature of uncertainty in the
calculation of the hazard magnitude (ie, confidence interval or variance) for different annual
exceedance probabilities of the hazard (see Paulik et al, 2023, for coastal flooding). RSLR
projections out to at least 100 years (ie, 2130) or RSLR increments to cover the full range of
projections can then be added.

Dealing with uncertainty over time

The type of uncertainty of hazards and climate projections at different planning horizons and
the type of planning situation being addressed are important considerations for determining
the hazard analysis, simulations and projections for the detailed assessment phase. First pass
hazard screening can also indicate the type of situation and level of uncertainty to address,
which will guide the scenario choices and required modelling complexity for the detailed
hazard assessment.

Different levels of uncertainty lead to different types of hazard assessment in relation to the
planning situation and require different types of information. For example, for low-risk short-
life non-habitable assets, the hazards, near-term projections and associated uncertainties are
largely knowable or known (little uncertainty — level 1, figure 11). In this situation, decisions
can be made using a reasonable ‘best estimate’ of hazard probability (based on the current

1 per cent or 2 per cent AEP and sensitivity testing, see below), before adding the narrower
range of RSLR for the relevant planning horizon (or in the interim, use guidance for category D
in table 8).

Alternatively, for planning (eg, intensification, new development) over the required long-term
horizon (at least 100 years), RSLR projections (including extrapolated VLM rates) are associated
with deep uncertainty (level 3 and 4, figure 11). The long-term horizon is unknown or
disagreed upon by experts or stakeholders, with limited consensus of what the future might
bring (Lempert et al, 2003). The rate of change of hazards (including storm intensities) is also
uncertain (scenario uncertainty — level 3) and the statistical uncertainty (level 2) may require
sensitivity testing using a 95th per cent confidence magnitude or level AEP representation
(figure 11). In the case of assessments of future coastal erosion, uncertainties relating to
factors such as sediment supply are likely to be at least as significant as uncertainties relating
to RSLR. Variability in sediment supply may obscure SLR for many decades to come (Ford

and Dickson, 2018).

Detailed hazard assessments should therefore be tailored to both the type(s) of uncertainty
and the planning situation being addressed. To cover deep uncertainty, the hazard assessment
should be based on a range of RSLR projections (or preferably increments), or at a minimum
the recommended projections (see table 7). This is rather than selecting a best (or most likely)
estimate or a worst-case scenario.

Different uncertainty levels may apply to different components of a hazard assessment and
depend on the situation (ie, type of planning decision) (figure 11). For example, an assessment
of future coastal flooding may contain statistical uncertainty based on present-day estimates
of climate variability and its effect on waves and storm surge, plus scenario uncertainty for
future storm surge (due to unclear change in storm intensity), and both scenario uncertainty
and deep uncertainty for ongoing RSLR (both SLR and VLM rates).
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Step 2: Assess sea-level rise and coastal hazards

Figure 11 sets out an example of an uncertainty framework that can be used to support
decision-making under uncertainty when using a DAPP approach. The framework shows a
logic flow from the situation to the related level of uncertainty, the SSP scenarios to model,
the likely hazard modelling complexity, and the possible decision type.

Figure 11: = Example of an uncertainty framework for coastal hazard assessments to support
the dynamic adaptive pathways planning approach

Situation Coastal hazard assessment Decision
I i sfunnrie | it s F ]
| Level of uncertainty ~ Hazard scenarios to Hazard-assessment DAPP,
| to consider consider complexity |§+SEA;
New or existin Little uncertainty { 5
developmentg : (o mcention e 29: el : :
) aupl inconsequential to exceedance I i Accept
R TR | decision being made, or " probability (AEP), " g Nl hazard
i 7 1
Nk oreiance) | deliberately ignored)  yith sensitivity T
: (level 1) ,
I | 1
1 Statistical | .‘,
| uncertainty, where AEP < 1% I
. v | calculable for non-SLR ™= (median + upper 95 % \ e ;
. coastal hazards, confidence interval) . ]
Existing | eg. storm-tide (level 2) : ; At
development, | High imp
: NS . : H 1 to hazard
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oAy el S SRR " '
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________________________ \

Note: AEP = annual exceedance probability; SLR = sea-level rise. A distinction is drawn (represented by the dashed
arrows and dashed box) between the situation, the coastal hazard assessment process, the dynamic adaptive
pathways planning (DAPP) process and socio-economic assessment (SEA), and the decision type.

Source: MfE, 2017, as adapted from Stephens et al (2017)

Assess coastal flooding

Magnitudes for a specific AEP are the best descriptors of the likelihood and size of current
coastal hazard occurrences (rather than a return period). This is because AEPs allow for change
through time by adding RSLR and any climate-influenced changes in climate and ocean drivers
onto the currently used level. However, AEPs should be tied to a timeframe or a specific RSLR,
because the frequency of flood events will change substantially over time. For a Nelson example,
a particular assessment and associated map may be expressed as ‘a current 1 per cent AEP
flood combined with an SLR of 0.5 metres that can be expected between 2055 and 2080’
(using table 7 for Nelson with VLM included).

For detailed hazard assessments, it is recommended to use at least two current AEP coastal
flood levels, before adding sensitivity factors (see below) and RSLR, such as the 1 per cent

AEP flood (used in the screening stage) and a more frequent flood level (eg, 5 per cent or

10 per cent AEP), extracted from the current hazard dataset (see example in figure 12). The
higher AEPs® represent more frequent events, which could cause more frequent road closures
and isolation of communities (Logan et al, 2023; Logan and Reilly, 2023) that may become
intolerable at flood levels below a rarer 1 per cent AEP event (Climate change, sea-level rise
and coastal hazards science: Coastal hazards and climate change guidance — Supplement A).

35 See Paulik et al (2023) and NIWA, Extreme coastal flood maps for Aotearoa New Zealand, for more
information.
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For building consents, 2 per cent and 1 per cent AEP flood levels are used for minimum floor
levels and assessing flooding hazards of the property, respectively, as outlined in the Ministry
of Business, Innovation and Employment’s building performance Natural Hazard Provisions
guidance (MBIE, 2023).

Coastal hazard experts can usually calculate with reasonable accuracy (with a 95 per cent
confidence interval) the probability and magnitude of various AEP coastal flood levels (Climate
change, sea-level rise and coastal hazards science: Coastal hazards and climate change
guidance — Supplement A), although, for rarer events (low AEP), the length of the historical
record influences the width of the uncertainty band (eg, 95 per cent confidence interval) (see
Stephens et al, 2020). Although, it should be noted that this type of approach is increasingly
difficult because the historical baseline moves with climate change.

Statistical uncertainty

Where the statistical uncertainty of the 1 per cent AEP hazard magnitude is large, using only
the ‘best estimate’ or median of the calculated 1 per cent AEP magnitude could over- or under-
estimate the hazard. Therefore, detailed coastal hazard assessments should use both the
median estimate of the 1 per cent AEP (or other AEPs) and the upper limit of its 95 per cent
confidence interval, before adding RSLR, and a sensitivity factor for future changes in waves,
storm surge and rainfall intensity (see below).

This sensitivity approach, considering the statistical uncertainty, enables the contrast of the
best median estimate with a conservative upper-range value for coastal flood levels, which
will help highlight areas that potentially may be affected by current coastal hazards, before
adding RSLR.

If it is not possible to accurately calculate statistical uncertainty (because of insufficient or
short datasets, or an unquantifiable physical process), then use the best estimate of a 1 per
cent AEP or other AEP events. This could be supported with alternative scenarios to establish
the sensitivity of the current hazard to the decision required, provided the assumptions and
sources of uncertainty in those scenarios are made clear.

Because there is also uncertainty about the future occurrence of high-intensity storms (1 per
cent to 2 per cent AEP or less) and their effects on storm surge and waves, which contribute
to both coastal flooding and erosion, it is recommended to assess coastal hazard AEP levels
with an additional sensitivity factor as a precautionary approach to cover this climate change
uncertainty.

Undertake sensitivity testing of coastal flood and erosion hazards using:

e arange of plausible increases of 0 per cent to 10 per cent for storm surge to 2100 (use
10 per cent for the western and southern South Island)

e arange of plausible increases of 0 per cent to 10 per cent for extreme waves and swell to

2100 (use 10 per cent for the western and southern South Island).

Box 6 describes how to assess overland flooding freeboard in coastal areas and, secondly, how
to incorporate RSLR and climate change into assessing coastal flooding of buildings under the
Building Code.
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Step 2: Assess sea-level rise and coastal hazards

BOX 6: INCORPORATING CLIMATE CHANGE INTO FREEBOARD FOR OVERLAND

FLOODING GENERALLY AND FOR ASSESSING BUILDING FLOOR LEVELS UNDER THE
BUILDING CODE

Two further aspects for assessing coastal flood hazards are addressed here. The first is the role
and assessment of freeboard for overland flooding, and the second is on incorporating RSLR
and climate change into assessing building flood levels under the Building Code.

Assessing freeboard allowance for coastal flooding hazards

Freeboards are applied to account for additional factors that may not be captured in a hazard
scenario. The New Zealand Standard for Land Development and Subdivision Infrastructure
(NZS 4044:2010) defines a freeboard as a provision for flood level design estimate imprecision,
construction tolerances, and natural phenomena (such as waves, debris, aggradations, channel
transition and bend effects) not explicitly included in the calculations (p 25). Similarly, in

the building performance Natural Hazard Provisions guidance (MBIE, 2023), freeboard is added
to account for any uncertainties associated with historical hazard data and hydraulic
assessments, and other environmental factors, such as the effect of wave action generated

by vehicles in flooded streets. Note: freeboard should not be used to cover for uncertainty in
relative sea-level rise (RSLR) and climate change effects, rather use the recommended RSLR
projections or increments of RSLR (table 6 and table 7) and apply separately to the flood
hazard levels before applying the freeboard.

Freeboard allowances for ‘habitable’ dwellings currently range from 0.3 metres to 0.5 metres.
The freeboard to be applied relates to the level of confidence in the coastal flood level
estimates, as well as other matters described in NZS 4044:2010.

Section 4.3.5.1 of the standard recommends that the secondary stormwater system flood
level is based on a 1 per cent annual exceedance probability (AEP) storm and is similarly noted
in the Ministry of Business, Innovation and Employment (MBIE) (2023) guidance. The focus is
on flooding from the upstream catchment, rather than from the sea. However, flooding from
coastal storm inundation is different from catchment flooding. To account for this, an
additional allowance for RSLR is required on top of the current 1 per cent AEP probability.
While NZS 4040:2010 does not specify what sea-level rise or RSLR projection or timeframe to
use, for consistency in application to coastal areas, the recommended range of RSLR projections
in this guidance over at least 100 years should be assessed for land development projects.

For coastal storm flooding assessments, the ‘top water level’ should include storm tide plus
the wave setup (in estuaries or open coasts exposed to waves). Wave runup, which is more
intermittent, should not be included in the calculation of the peak coastal flood level, but an
additional wave runup allowance should be considered separately in exposed areas to
ascertain its dynamic effects, as described in Climate change, sea-level rise and coastal hazards
science: Coastal hazards and climate change guidance — Supplement A.

Incorporating climate change within the Building Code

The Building Act 2004 requires the effect of the building work on a natural hazard to be
considered and how to protect the land, building and other property when undertaking
building work on land subject to a natural hazard. In some cases, building work can still take
place but there may a requirement for a notice to be placed on the record of title for the
property so future owners are aware that the land is subject to a natural hazard. When
building on land that might be subject to a natural hazard, both the requirements of the
resource management system and the Building Act 2004 may need to be considered.

The Building Code sets clear requirements that buildings must comply with. When considering
coastal hazards management, the main Building Code clauses that relate to water ingress will
be particularly relevant. These clauses are: E1 Surface water, E2 External moisture, E3 Internal
moisture, B1 Structure and B2 Durability.
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BOX 6: INCORPORATING CLIMATE CHANGE INTO FREEBOARD FOR OVERLAND

FLOODING GENERALLY AND FOR ASSESSING BUILDING FLOOR LEVELS UNDER THE
BUILDING CODE

Clause E1 of the Building Code includes mandatory provisions for all new building work to
manage surface water, where, for a 2 per cent AEP flood, it shall not enter a building. If there
is no requirement under district and regional plans for resource consents in relation to surface
water inundation of properties and buildings in coastal areas, the following generic guidance is
aligned with the MBIE guidance on Natural Hazard Provisions (MBIE, 2023).

What constitutes a flood with a 2 per cent AEP may change over time because of climate
change. A flood that has a 2 per cent AEP today will be a different size flood than would have
had a 2 per cent chance of happening 50 years ago or in 50 years’ time (MBIE, 2023).
Consequently, include an allowance for rising coastal and compound flood hazards and the
effects from climate change (eg, storm surge, waves, rainfall intensity) to check such surface
waters do not enter the building over its lifetime. Use the 2 per cent AEP flood levels expected
at the end of the building life (not the current hazard exposure). The minimum life is 50 years,
however, the economic life of a building is generally considered to be between 75 years to

80 years (MBIE, 2023).

The flood hazard assessment should use RSLR applicable at the end of the lifetime, which
includes vertical land movement, because it directly affects future coastal flood levels at a
locality or on a property. By 2075 (for a minimum 50-year life), a sea-level rise allowance of
at least 0.5 metres by 2075 (before including vertical land movement) for a SSP5-8.5 M
projection could be used, the same as the interim RSLR allowance for category D in table 8.

Assess coastal erosion

Projections of future shoreline changes for cliffs, inlets and beaches are challenging, often
requiring locally specific modelling (Cooper et al, 2020). Assessment methodologies continue
to evolve from simple empirical shoreline equilibrium profile change models (eg, Bruun Rule,
[Bruun, 1962]) to more complex probabilistic, ensemble or neural network simulations. These
all require different levels and types of local data to ground-truth and tune the models to local
conditions and shoreline change in the recent past (Cooper et al, 2020; Montafio et al, 2020;
Splinter and Coco, 2021). Depending on the type of shoreline change model or approach used,
either RSLR increments or specific RSLR scenario projections maybe more useful. For example,
when employing a probabilistic erosion hazard approach, often simulations are undertaken for
a specific RSLR scenario projection. See case study A.5 (appendix A), which assesses coastal
erosion hazard zones for Northland. In this example, the probability distribution of the
landward extent of an erosion zone was derived for an upper-range SLR projection (RCP8.5),
using the confidence bounds of the projections to define the distribution of the effects of SLR
on erosion, alongside the other factors (eg, storm cut-back, ongoing long-term trends, stability
slope of dunes).

As described earlier, multiple processes contribute to the coastal geomorphic response to
climate change, besides the underlying RSLR. Coastal erosion can be affected by subtle
changes in wave and wind climate and progressive changes in catchment sediment runoff, as
well as increases in extreme events. In undertaking coastal beach and cliff erosion assessments
using simulations, where possible, build in sensitivity testing for both progressive changes in
time (eg, wave direction and height, sediment runoff) and extreme storm cut-back events and
their sequencing. As discussed above (see ‘Statistical uncertainty’), uncertainty exists about
the future occurrence of high-intensity storms and their effects on storm surge and waves that
contribute to coastal erosion, so use the recommended additional sensitivity factors as a
precautionary approach.
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Assess compound flood hazards

A risk-based approach to managing coastal hazards requires determination of the probabilities
of different hazards and “taking into account potential sources” of coastal flooding (Policy 24,
NZCPS, DOC, 2010, p 23), which is more complex for compound hazards. Quantifying and
assessing compound flood hazards is challenging but necessary with the increasing frequency
of contributing sources combining from climate change and RSLR. Consider compound flooding
sources, such as the coincidence or close succession of coastal flooding, rainfall and
stormwater runoff and stream flooding (Stephens and Wu, 2022), as well as estimating a
realistic combination of these inundation sources coinciding, rather than just considering and
mapping these flood sources separately.

Groundwater is often not addressed in coastal hazard assessments and reporting, due to lack
of data and uncertainty on future effects from both rainfall and RSLR. Ongoing improvements
in integrated surface hydrology, sub-surface groundwater modelling approaches and national
water models can help when addressing compound flooding hazards (Bosserelle et al, 2022).

While further research and data are needed on quantifying compound hazards in the coastal
environs from climate change, before more specific assessment guidance can be provided,
these Aotearoa examples may be pertinent.

e Joint probability analyses have been conducted for coastal hazard sources from storm
tides and waves (eg, Allis et al, 2015; Stephens et al, 2013, 2015a).

e Compound storm tide and river flow were used to assess Westport flooding (Pearson,
2004; Wild et al, 2004). Note: worst case or 1 per cent AEP combinations of storm-tide
and river floods would have an exceptionally low joint probability of occurrence, so usually
1 per cent AEP river floods are more realistically combined with scenarios of a spring tide
and a modest storm-tide level.

e Nationally, Stephens and Wu (2022) have mapped the joint dependence of contributors
to compound flood hazards in coastal lowlands (comprising coastal storm surges, rainfall
and river flow) and matched these compound events to types of weather systems.
Mostly, the joint occurrence between these contributors was significant but only weakly
correlated. However, some weather systems are more conducive to a higher dependence
between these contributing hazards, such as a blocking high pressure system to the east of
the country.

In the interim, a conservative but reasonable allowance should be made for realistic
combinations of flooding hazards that are likely to coincide with straddling a high-tide period,
based on local and regional observations and past monitoring of compound flood events, and,
where relevant, referring to the above references.

Recommended datasets and projections

To assess compound flood hazards in the low-lying margins of estuaries, harbours and
wetlands, use extreme rainfall projections from the High Intensity Rainfall Design System
(HIRDS v4)°® for input to compound flooding from streams and pluvial (stormwater) runoff to
combine with groundwater rise, relative sea-level rise and coastal storm hazards. Sub 1-hour
rainfall intensity changes may be pertinent for developed areas or roads close to the shoreline,
when considering compound flood hazards during storm-tide and wave overtopping events,
which straddle the spring high-tide period.

% NIWA. High intensity rainfall design system, V4. Retrieved 22 December 2023.
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To assess progressive long-term changes in estuaries and wetlands from river flows and
sediment runoff, use seasonal average rainfall projections (MfE, 2018) to combine with
ongoing changes in relative sea-level rise and associated changes in tidal range and landward
salinity extent.

Compound hazard assessment criteria

The hazard assessment should address the following questions (adapted from California
Coastal Commission, 2018).

e What is the potential exposure from upper-range relative sea-level rise (RSLR) projections
plus elevated water levels from maximum storm tide or extreme coastal erosion?

e  What is the minimum amount of RSLR that causes concern about flooding, erosion,
groundwater rise, compound flooding or saltwater intrusion (eg, from mapping such as
figure 12, figure 13 and figure 14)?

¢ How do flooding, erosion, groundwater rise or saltwater intrusion concerns and extents
change with different RSLR increments or a range of projections?

e Are any adaptation thresholds emerging, where RSLR exposure becomes more noticeable
or levels of service (such as road access) significantly decline?

However, deep uncertainty remains on how combinations of inundation sources will
increasingly combine to worsen flooding in low-lying coastal areas, for both urban and rural
settings, and how it will vary between locations. In this situation, using a DAPP approach would
be helpful. This helps by further monitoring of areas where compound flood hazards are
emerging and incorporating an indicator of multiple flood hazards into the design of signals
and triggers (step 7).

Box 7 gives a practical example of hazard mapping using SLR and RSLR increments.

BOX 7: PRACTICAL EXAMPLE OF HAZARD MAPPING USING SEA-LEVEL RISE AND

RELATIVE SEA-LEVEL RISE INCREMENTS

Figure 12 shows an example of a mapped output from a 1 per cent annual exceedance
probability (AEP) coastal storm inundation hazard assessment for Mission Bay, Auckland,
incorporating sea-level rise (SLR) at 0.1 metre increments up to 1.5 metres SLR (which
intrinsically also covers increments of relative sea-level rise that include vertical land
movement).”’

This coastal inundation mapping uses a static topographic flood technique to add SLR
increments directly on top of the current median 1 per cent AEP storm-tide elevation, overlaid
on the Light Detection and Ranging (LiDAR) digital elevation model. The map clearly shows
how extreme coastal flood exposure might change incrementally with SLR across the suburb.
Properties on low-elevation land close to the sea will face episodic inundation at low SLR, so
will be affected sooner. Properties located further inland at a higher elevation are less exposed
to storm-tide flooding (yellow—red colours) and will have longer to adapt.

57 Increments are agnostic to representing RSLR or SLR — it is the associated time brackets for that

increment that change depending on whether the increment is for SLR or has VLM added — compare table
6 and table 7.
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Step 2: Assess sea-level rise and coastal hazards

Figure 12:  Areas flooded from 0.1 metre sea-level rise increments on extreme coastal
storm inundation exposure at Mission Bay, Auckland

Note: SLR increments have been added onto the 1 per cent AEP storm tide elevation, which was
calculated for the current mean sea level. Graphics: Sanjay Wadhwa, NIWA; based on Auckland Council
LiDAR data.

Source: Stephens et al (2017)

Figure 13 and figure 14 show how more detailed hazard mapping at Mission Bay has been
used to model the depth and frequency (respectively) for a 1 per cent AEP storm tide at
present mean sea level and two relative sea-level rise (RSLR) projections. The two types of
maps show the potential effects of two RSLR increments on coastal storm inundation, and,
together, they provide information that is more useful for decision-making than any one map
of flooding extent in isolation. For areas like Mission Bay, which are susceptible to coastal
storm inundation, modelling of small increments of SLR and statistical uncertainties can later
be used in risk and vulnerability assessments and to support decisions on adaptation
thresholds, and when they might occur, as part of the dynamic adaptive pathways planning
approach in step 6 (eg, similar to table 7).

We recommend assessing the impacts of 0.1 metre to 0.2 metre SLR or RSLR increments for
such locations, in addition to the median and upper 95 per cent of the 1 per cent AEP hazard.
This will help identify areas potentially at risk and at what SLR increments.
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Figure 13: Depth of inundation at Mission Bay, Auckland, for a 1 per cent annual
exceedance probability storm tide covering present-day mean sea level and
two relative sea-level rise height increments

Left: 1 per cent AEP storm tide at present-day MSL. Middle: 0.4 metres RSLR. Right: 0.8 metres RSLR.

Figure 14:  Frequency of inundation (exceedances per year) at Mission Bay, Auckland, for
a 1 per cent annual exceedance probability storm tide, covering present-
day mean sea level and two relative sea-level rise height increments

-
Number of exceedances per year

[+ 0.8m SLR

201 ie J a1
b R 1 262

T

1
1©

5

Left: 1 per cent AEP storm tide at present-day MSL. Middle: 0.4 metres RSLR. Right: 0.8 metres RSLR.

Inundation was modelled using a static geographic information system technique. All areas
below the modelled sea level are shown as inundated, regardless of connection to the sea;
some inland areas may not become inundated as shown. Note the infrequent exposure to
coastal storm inundation at present will increase with increased RSLR.

Graphics: Sanjay Wadhwa, NIWA; base maps developed from Auckland Council LiDAR data.
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Recommended
key tasks to
complete before
moving to Step 3

Step 2: Assess sea-level rise and coastal hazards

Set up the recommended SSP scenarios and RSLR
projections over periods of at least 100 years (2130) or
more for your location from the NZ SeaRise platform.

Determine the RSLR increments (0.1-0.2 metre) and
range to cover the range of the RSLR projections.

Prior to the development of an adaptive planning
strategy, adopt the recommended precautionary interim
RSLR allowances relevant to land-use activities, plans or
policies.

Conduct a regional coastal hazard screening assessment
by gathering relevant data and information, assess the
area potentially affected primarily by coastal flooding
and erosion (and other relevant hazards or progressive
changes), using the upper-range RSLR projection to
identify areas at high risk of being affected.

At regional and/or district levels, conduct a detailed
hazard assessment and mapping for both specific and
compound coastal hazards, including sensitivity factors to
cover uncertainties in storm intensity and other climate
and ocean drivers.
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Part B: What matters most?

Step 3: Establish values and
objectives
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3.1 Mana whenua and community values
and objectives

3.1.1 What are community values?

Councils should engage with the wider community to understand what ‘things or objects’ of
value could be affected by increasing coastal hazards and rising sea levels. This engagement
should be done after the coastal hazards and SLR assessments are complete. These values

may include:

physical items like homes and property, marae and urupa, public land and buildings, roads,
services and utilities, parks and reserves, retail and commercial centres, recreational
services, community assets, as well as cultural and historical sites

natural values, like coastal wetlands and estuaries, shorebirds, native fish and lizards,
as well as mahinga kai practices

intangible values like the ability to practise tikanga, community cohesion and spirit,
wellbeing and occupational identities (Barnett et al, 2016).
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Step 3: Establish values and objectives

A comprehensive understanding of what is important, and who it is important to, will
underpin decisions about the value of what is at risk and inform adaptation options and
their implementation, evaluation and the monitoring of adaptive planning strategies.

Without this knowledge, community values are unlikely to be fully considered in consent,
policy and adaptation decisions. Therefore, there is a risk that community acceptance of
decisions will be affected, which can result in opposition to the adaptation plan. Investing time
and effort at this step of the decision cycle is more likely to result in successful outcomes later.

Understanding and capturing values and forming objectives can range from scoping studies
to more detailed investigations, depending on the scale and detail of the hazard and sea-level
rise (SLR) assessments and the nature of the decision. Three stages are involved.

1.

Explore and capture community, iwi/hapu and stakeholder values in a way that clearly
expresses:

(a) what of value is potentially affected by coastal hazards and SLR

(b) who values it

(c) where is it located geographically.

This includes considering the needs of at least two future generations and how decisions
today could affect communities in the future. Carefully consider who should participate,
how they will participate, and the tools and techniques that will be used to uncover

community values (see Community engagement principles and approaches, and practice
methods: Coastal hazards and climate change guidance — Supplement B).

Reframe the agreed community values into objectives for public and private stakeholders
to ensure inclusion in the vulnerability assessment and future adaptation decisions.

Clarify and agree on local government jurisdictions, functions and statutory outcomes or
limits. Agreement will require multi-party, multi-function discussion.

These three stages will help councils gauge the feasibility and effectiveness of adaptation plans
at the implementation stage.

Box 8 lists potential effects on coastal communities, which can be used in values identification.

BOX 8: POTENTIAL EFFECTS OF COASTAL HAZARDS ON COASTAL COMMUNITY VALUES

Private property and businesses

¢ Flooding of homes and businesses

e Damage or destruction of beachfront property from erosion or inundation

e Property loss, compensation and insurance claims leading to financial instability
e Devaluation of land due to erosion or inundation

e Loss of productive land due to saltwater intrusion

e Loss of land, farm stock and related economic opportunities

Local infrastructure

o Damage to lifeline infrastructure, community facilities, stormwater, wastewater and water
supply systems
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BOX 8: POTENTIAL EFFECTS OF COASTAL HAZARDS ON COASTAL COMMUNITY VALUES

e Compromising of road access and safety along the foreshore

¢ Flooding and sedimentation of land and buildings leading to loss of access to services
and emergency assistance

e Loss of cultural assets (eg, marae, urupa and kura kaupapa)

Community lifeways and recreation

e Loss of community events

e Limiting beach access for recreation and public use

e Loss of sandy beaches due to erosion or coastal protection works

e Loss of esplanade reserves for recreational use

e Destruction of wild foods (eg, shellfish) used recreationally and as food resources
o Damage to safety and usability of public coastal reserves and estuaries

e Degradation of sacred places and sites resulting in loss of identity, whakapapa
and wellbeing

o Displacement of people and loss of social cohesion

Ecology and biodiversity

e Potential to lose species or biodiversity in coastal habitats

e Potential extinction of rare species (eg, New Zealand dotterel)

e Degradation of ecology leading to loss of traditional knowledge

e Loss of or damage to coastal wetlands, marshes and intertidal areas

e Adverse impacts on mahinga kai and whanau health from loss of habitat and
dysfunction of sewerage and stormwater networks and septic tanks

e Damage to human—environment relationships and wellbeing

e Saltwater intrusion (salinisation) of freshwater resources

Aesthetics

e Damage to the natural appearance of coastal environments, especially if hard
engineering solutions are enacted

e« Damage to the appeal of the area as a nice place to live.

Source: Rouse et al (2016)

3.1.2 Methods for understanding mana whenua
and community values

Mana whenua and community values are wide ranging, and not all values are easy to draw out
or describe. Two things to remember when collecting data on values are:

e people undervalue infrastructure until its performance is imperilled; assumptions should
be made and factored into the objectives

e itisimportant to focus on the functional aspects of the things the community values, in
addition to the current locations of things. For example, people may value specific green
spaces or community facilities, but those functions might be able to be provided elsewhere
away from coastal hazards.
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Step 3: Establish values and objectives

Many tools can be used to engage and gather information on values, including online resources.
Table 10 shows four methods that can be used to understand mana whenua and community
values. They can be used in combination, depending on the scale of the process planned.

Table 10:

and community values

Method

Review existing
documents (eg, iwi/hapi
management and natural
resource management
plans, community
outcome documentation,
surveys, reports)

Advantages Disadvantages

May uncover existing
community objectives,
avoids repeating
questions and provides
context for future
engagement.

Information may be
outdated and will need to
be verified through
subsequent methods.

Example of four methods that can be used in combination to understand mana whenua

Examples

Supplement B

Postal, internet-based or
telephone surveys

Can obtain responses
from many people across
the region.

Raises awareness of the
issues.

Potentially low cost.

Identifies issues that are
critical at a regional scale.

Can produce superficial
data.

Response rates can be low
and represent only certain
demographics.

Little opportunity for
learning, discussion or
interactions.

Risks missing important
information.

Supplement B

Important informant
interviews

Opportunity to gather
detailed information on
topics of interest.

Obtains views of those
who are not comfortable
contributing in other
ways.

May miss sections of the
community.

No opportunity for
participants to listen to, or
learn from, others.

Blackett et al, 2010a;
King et al, 2011, 2012,
2013; Schneider, 2014

Public meetings, hui or
other events (eg, open
days, field days)

Can apply several
participatory data
collection methods in this
setting.

Suited to the local scale.

Listening and learning can
be built in.

May miss sections of the
community who cannot
attend.

Careful organisation will be
required to ensure
balanced dialogue.

Blackett et al, 2010b;
John and Martin, 2022;
King et al, 2011, 2012,
2013; Rouse and
Blackett, 2011; Rouse
et al, 2011, 2013

The outcome of this engagement should be a summary of community values, including:

e what values are likely to be affected by coastal hazards and SLR

e where the values are and who finds them valuable

e the diversity and degree of agreement in values and norms

e the extent to which different groups in the community will be affected.

Highlight and consider the values of all social groups when assessing risk, identifying and
evaluating options and pathways and when implementing and monitoring at steps 4 to 10

of the decision cycle.
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3.1.3 Reframe values as objectives

Once the community values have been articulated, aggregate the data into themes,
where possible, and appropriate (Flick, 2009; Kitchin and Tate, 2000). The original list of
values should be kept, with their underlying richness and detail, for reflection throughout
the engagement process.

A usable objective is:

¢ relevant to the community and mana whenua (eg, a safe place to live, with access
to amenities, expression of Maori values)

measurable (eg, climate disruption minimised, using the metric of frequency of
storms damage avoided)

linked to the decision triggers and adaptation thresholds (eg, disruption to mobility,
community tolerance levels or council requirements)

¢ able to be embedded in the monitoring system for the adaptive planning strategy
(see step 9).

Table 11 gives two examples of how values can be translated into objectives. The translated
objectives can help provide guidance on adaptation options.

Table 11: Two examples of translating values into objectives

Theme: public access to greenspace

What is valued by the community Translated objective

Public recreational space for picnics and family activities Maintain safe, aesthetically pleasing public
greenspaces (including picnic and playground
facilities) along or near the foreshore and
distributed throughout the community.

Safe playgrounds for children to play

Aesthetics

Greenspaces along the foreshore

Proximity and easy access to parks and reserves

Theme: biodiversity and ecology

What is valued by the community Translated objective

Native coastal species Ensure a functioning coastal ecosystem that
supports rare and mahinga kai species.

Rare species (eg, New Zealand dotterel)

Functional viable coastal ecosystems

Mabhinga kai species present and safe to harvest

Source: Rouse et al (2011, 2016)

3.2 Local government objectives

Local authorities should work together to identify and consolidate objectives for the region or
district. This can begin prior to, and happen alongside, community objectives being articulated,
but should include consideration of the community objectives. Integrating council and
community objectives through engagement can address conflict between community
aspirations and councils’ statutory requirements which must be met. It is therefore important
to be clear in communications and engagement material that setting community objectives is
only one part of the process and must be considered in the context of complying with the
requirements of the Resource Management Act 1991 and New Zealand Coastal Policy
Statement 2010 (NZCPS) (DOC, 2010). These requirements may be formalised in statutory
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planning documents, long-term plans and 30-year infrastructure strategies, and will have
already been through statutory consultation processes. Table 12 lists questions that could
guide the generation of local government objectives.

Table 12: Questions to generate local government objectives

Question ‘ Supporting questions

Who needs to be part of the Who has jurisdiction in this area?
conversation? Which functions need to be represented?
Who can represent the main groups?
What and who is missing?

Should other council-controlled organisations and non-council
organisations be part of this discussion?

What are the different objectives across What plans and policies exist?

ions? . .
the local government functions? What are the standards and expectations of levels of service for

utilities and infrastructure?
What goals and objectives exist and why? Are they aligned?

How might community objectives fit with requirements under the
New Zealand Coastal Policy Statement 2010, Resource Management
Act 1991 and any other legislative requirements?

What are the agreed objectives? How can we identify the most important objectives?
How can we address any misalignment?

What are the implications and consequences of the agreed
objectives for local government and external organisations?

Clear statements of community objectives, alongside local government objectives, are an
opportunity to look for joint benefits and to manage expectations. For example, areas where
development should be avoided may be able to be used as public space, if the public can be
protected from future hazard events there.

Recommended Identify who should participate in engagement about
key tasks to community values.

complete before

. Decide which method to use to determine community
moving to Step 4

values.

Translate the information on community values into
themes, then objectives.

Identify local government objectives.

Collate and consolidate community and local
government objectives to take forward into subsequent
steps in the decision cycle.
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Step 4: Assess vulnerability
and risk

Climate risk assessments (step 4) build on the coastal hazard assessments completed in step 2
(covering the range of the recommended relative sea-level rise (RSLR) projections and/or
increments of RSLR heights) and identifying community, stakeholder and council values and
objectives in step 3. Outputs from the risk assessments (eg, geo-spatial platforms, maps,
reports) are used in the following step 5 to inform communities, iwi/hapi and decision-makers
on identifying options and pathways to pre-emptively address the rising climate-related risks.
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Step 4: Assess vulnerability and risk

4.1 Undertake a coastal climate risk
assessment

4.1.1 Climate risk and its components

The core definition of risk in relation to climate change (Reisinger et al, 2020) is the potential
for adverse consequences for human and ecological systems,>® recognising the diversity of
values and objectives associated with such systems (determined in step 3 of the decision cycle).

Components of risk

Risk arises from the overlap of three components that increase over time as climate changes
and sea level rises (figure 15 and ISO 14091:2021):

e the hazard, either singly or as a multi-hazard (eg, flooding and erosion), or compound
hazard events and progressive and rising changes that for the coast will be irreversible. See
section 2.2 for hazard assessments that provide the temporal and spatial changes in
climate hazards for the risk assessment

e the exposure, the presence of the things or networks we value (eg, people, whenua,
taonga, environments, primary production, buildings, utilities, supply chains) in settings
that could be adversely affected by hazards

e the vulnerability of the exposed things, environments or networks we value or rely on.
Vulnerability is the underlying predisposition of a community, region or system (eg,
ecosystem or infrastructure network), including governance and financial systems, to be
adversely affected as climate-related risks continue to rise.

Vulnerability combines both sensitivity (sometimes called fragility>®) and adaptive capacity to
cope and adapt to the ongoing changing risks over time.

Sensitivity is the degree to which a system, infrastructure network, community or ecosystem is
affected, either adversely or beneficially, by climate hazards, variability or a progressive
change. A range of social factors may predispose some communities or individuals to harm
from climate-influenced risks, such as age, mobility, ethnicity, socio-economic inequities, or
pre-existing health conditions (sections 3.2.3 and 3.2.5 of MfE, 2021).

Adaptive capacity is the ability of systems, financial and governance institutions, humans and
ecosystems to adjust to the potential damage and progressive changes, to take advantage
of opportunities, or to adapt to consequences (ISO 14091:2021).

Figure 15 shows three intersecting components that contribute to risk, with actions to reduce
each risk component, which will all continue rising over time.

8 System is a set of interrelated or interacting elements (ISO 14091:2021) or through a te ao Maori lens,
the implicit connectedness between taiao (environment) and tangata (people) and related matapono or
guiding principles (MfE, 2019, Box 1).

> Fragility is more widely used than sensitivity in the engineering sector in the context of buildings, utility
services and infrastructure sensitivity to damage and failure from exposure to a hazard.
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Figure 15:  Three intersecting components of risk, all increasing over time
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Source: Adapted from Garschagen et al (2019)

Due to the complexities of overlapping or competing values and objectives, climate risk
assessment and management are not just technical exercises. The evaluation and review
phase of risk assessments involve value judgements and precaution, particularly if there is
limited quantitative information (eg, on cascading or indirect impacts or compound hazards)
and/or contestation of priorities (regional versus local impacts or funding) to address the rising
coastal risks.

4.1.2 Coastal climate risk assessment process

Climate risk assessments differ from conventional risk assessments, because they require
consideration of extra complexity and uncertainty.

Climate risk considers both events and progressive changes

For coastal areas, ongoing RSLR is one of the primary climate-related hazards that is
fundamentally changing risk profiles. The cumulative risk from more frequent small to medium
flooding due to a higher mean sea level will eventually outstrip the risk from extreme events
during this century (Paulik et al, 2021), even though extreme events will also intensify. Risk
assessments should therefore include both progressive changes (eg, permanent high-tide
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Step 4: Assess vulnerability and risk

inundation, increased erosion trends, salinisation, groundwater rise, shrinking wetlands and
marshes) and more frequent small to medium disruptive events, in addition to the focus on
episodic extreme events.

Assessment of climate risks is inherently complex and uncertain

Assessment of climate-related risks needs to embrace the uncertainty in all three components
contributing to risk (figure 15), noting the generic definition of risk is the effect of uncertainty
in relation to objectives (ISO 14091:2021). It needs to appraise short- and long-term
consequences, feedbacks, cascading impact chains,®® non-linear behaviour and the potential
for surprises (Ara Begum et al, 2022), against the backdrop of deepening uncertainty over time
of climate change and sea-level rise (SLR).

Local governments need to cope with rising risks that cascade and compound at distance
from the hazard drivers (see figure 16) and those emerging in many different coastal areas
simultaneously. The use of RSLR projections or increments of RSLR to address the deepening
uncertainties of rising coastal hazards (step 2), needs to be carried through to assessing risk,
especially detailed assessments, rather than just selecting a best-estimate (most likely) or
worst-case projection.

Risk conventionally expressed in terms of likelihood is not helpful when it is significantly
changing over time, and as past low-probability extremes become more frequent and
therefore more certain. Further, an SLR of at least 0.5 metres is virtually certain by 2100
(table 6).

0 See annex C, 1SO 14091:2021.
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Figure 16:  Generic example of an impact or cascades chain that can be created through
participatory workshops and hui, underpinned by relevant hazard and risk
exposure mapping
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Note: This example explores how cascading impacts to each value domain arise from higher and/or frequent coastal
flooding arising from a higher relative sea-level rise. Diagram is for illustrative purposes and needs more local and
regional specificity added for local application.

Adaptive capacity is an essential element of climate risk assessments

Adaptive capacity is an integral component of climate risk assessments, exacerbating or
reducing vulnerability. This includes the adaptive or coping capacity of the community, of
supporting services and infrastructure (including availability and agility of funding and other
institutional and governance mechanisms) and of the natural environment.
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When making adaptation decisions, the interactions and dependencies among these adaptive
capacities need to be considered.®! Do they enhance or hinder adaptation, and how might they
change over time (eg, capacity for more frequent emergency responses to coastal flooding or
agile funding mechanisms such as for pre-emptive or reactive managed retreat)?

Environmental or cultural adaptive capacities may be threatened by our adaptive response

to protect the built environment. For example, building up a road causeway that has been
exposed to increasing floods is likely to constrain the adaptive capacity of an adjacent estuary
inlet or wetland.

Climate adaptation is not just a local issue

Climate risks vary at a fine scale across communities and societies (Ara Begum et al, 2022).
This could include pockets or precincts within suburbs or within low-lying or cliff-edge coastal
margins. Adaptation is often viewed as a ‘local’ issue where the ongoing impact lies, but
cascading and compounding impacts (figure 16) also occur across the wider community

and nationally.

Climate adaptation (and therefore risk assessment) should consider the interconnections and
dependencies between the local, regional and national scales. An example is consideration of
local isolation due to storm or flood events causing outages of a vulnerable section of the main
coastal road elsewhere, illustrating the need for wider-scale assessment of the risks affecting

a specific locality (Logan et al, 2023; Logan and Reilly, 2023). Annex A of ISO 14090:2019
provides guidance on using systems thinking to consider these wider interconnections across
different value domains.

Climate risks vary over time

Time is a fundamental consideration in any risk assessment of coastal hazards and climate
change impacts. All three components of risk will increase with time (figure 16). Examples of
how risk exposure increases over time include: i) the changing land use (eg, intensification,
up-zoning, subdivisions or redevelopment); ii) increasing capital value of assets or upgrades to
infrastructure that increase the consequences. Increases in vulnerability can occur as assets
age or are compromised by progressive changes, for example, groundwater rise affecting
foundations or the institutional ability to cope and adapt diminishes.

Adaptation interventions (accommodate, protect), which can reduce risk to varying degrees,
also have time limitations because the risk will continue rising (figure 17), including the
residual risk (eg, breaching or outflanking of a seawall or more frequent road impassability
issues, even though buildings have been raised as an accommodation type option).

Climate risk assessments should be explicit about how time is addressed (Logan et al, 2021),
focusing on both immediate specific impacts (including cascading or flow-on risks) and
addressing long-term changes and implications through dynamic adaptive pathways
planning (DAPP).

61 See section 6.3, 1ISO 14090:2019, section 6.5, ISO 14092:2020 and annex G, I1SO 14091:2021.
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Figure 17: Effect on level of risk over time for incremental or a precautionary approach to
adaptation relative to a local adaptation threshold (or risk tolerance threshold)
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Risk assessment methods and process

The main purpose of vulnerability and risk assessments for this guidance is to inform DAPP
strategies that are pre-emptive and cover the future extent of the coastal environment® at
local to regional scales. These assessments provide evidence for the range of time-varying
risks, covering the increasing uncertainties, for steps 5 to 8 of the decision process.

Section 5ZW of the Climate Change Response Act 2002 requires reporting organisations
(including local authorities) to provide to the Minister of Climate Change or the Climate
Change Commission on request, information on risks and processes used to identify, assess

and manage the risks. Local and/or regional climate risk assessments could be the basis of
such information.

Increasingly, coastal risk assessments are being undertaken within general climate risk
assessments across value domains for a region, district or city (MfE, 2021). This has the
advantage of addressing climate risks more holistically across different hazards and

their compounding and cascading impacts (eg, Greater Wellington (2022—24), Bay of Plenty
(2022-23) and Nelson—-Tasman (2023)).

62 policy 1, New Zealand Coastal Policy Statement (NZCPS) (DOC, 2010) and p 14 of the NZCPS 2010 guidance
note (DOC, 2017).
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Step 4: Assess vulnerability and risk

Purposes of a coastal climate risk assessment

The purposes of a coastal climate risk assessment are to identify areas that will potentially be
affected (prioritising areas that are at high risk of being affected) by coastal hazards and
climate change over at least 100 years (Policy 24, New Zealand Coastal Policy Statement,
DOC, 2010).

Identify where climate change effects may:

e restrict public access to the coastal environment

o affect the integrity, form, functioning and resilience of the coastal environment

o affect characteristics that have special value to tangata whenua

e inform coastal adaptive planning strategies for new and existing coastal development
e inform councils’ long-term, spatial and land-use planning

e provide a robust evidence base for climate risk disclosures.

When conducting a coastal climate risk assessment, some risk components (figure 16) can be
quantified, such as replacement costs, repair costs, number of residents exposed to hazards,
hazard magnitudes, SLR projections, building footprints, and transport isolation (Logan et al,
2023; Logan and Reilly, 2023). Primarily, however, risk assessments should appraise qualitative
information such as value judgements, cascading impact chains (eg, figure 16), matauranga
Maori, present inequities that affect adaptive capacity, and stakeholder and community
description of risk tolerability and initial adaptation thresholds.

Because climate risks affect some groups more than others, the assessment of vulnerability
will need to consider and map economic, social, cultural and environmental consequences for
a range of future scenarios and RSLR projections (see section 4.2).

Transparency should be integral to risk assessment (section 5.8 of ISO 14091:2021; Thekdi
and Aven, 2023). Ensure the methodology used is known and understood by all parties and
documented adequately to understand the steps and decisions taken. Explain the strengths
and weaknesses of the selected methodology, including assumptions and data sources, to
ensure credibility.

There is no single best methodology or tool for a climate risk assessment that covers the time-
varying, direct and indirect cascading impacts of climate change.
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Box 9 lists some of the available tools for climate risk assessment, which can be used either
separately or in combinations of approaches, to ensure a range of quantitative and qualitative
information and matauranga Maori can be integrated.

BOX 9: CLIMATE RISK ASSESSMENT TOOLS

Quantitative methodologies

RiskScape:®® This open-source spatial data processing application is used for multi-hazard

and risk analysis. It is customisable, based on core modules (eg, hazard model input, asset
attributes, vulnerability or fragility functions, and adaptation options). Modellers can tailor
the analysis and outputs, input their own hazard model and assets data, or use on-board
databases (eg, building footprints) and model simulations. It can be used at a range of spatial
scales and resolutions. See examples at national scales (Paulik et al, 2021; Simonson and Hall,
2019), down to the local scale assessments (eg, indirect impacts on infrastructure for South
Dunedin, Lan et al (2023), and evaluation of the reduction in risk from adaptation options such
as Westport flood protection).%

Geographic information system (GIS) or spatial mapping application that overlays hazard x
asset (exposure) x vulnerability. An example is the regional coastal risk screening for southern
Hawke’s Bay coastal units undertaken by Tonkin+Taylor (2016b), which included elements at
risk across four value domains from coastal flooding, erosion and tsunami inundation.

Hybrid methodologies (qualitative/quantitative)

Resilience/risk explorer platform: Risk-informed decision-making platforms that can handle a
mix of data and community-sourced information that inform asset management and land-use
planning, and risk communication for stakeholder, iwi/hapt and community engagement. An
example is the Resilience Explorer dashboard.®® It can be used for core spatial information on
infrastructure impacts (consistent with RiskScape), including the analysis of indirect impacts
such as isolation and infrastructure service loss.®®

Qualitative methodologies

Risk matrices or risk charts can be used to assess and evaluate direct element-by-element risks
(MfE, 2019, 2021). However, be cautious when summarising risk assessments via risk matrices
(eg, a vulnerability—exposure matrix of coloured cells for risk for a given hazard and planning
horizon). They have a propensity to assign qualitatively higher ratings to quantitatively smaller
risks, and they have poor resolution when only a few combinations (cells) are considered

(Cox, 2008). They also do not easily capture the time-varying increase in risk. Interactive risk
charts in the form of scatter plots (rather than matrix cells) are more flexible when working
with groups, by encircling uncertainty bounds around risk combinations or highlighting where
there is disagreement and/or uncertainty of a risk ranking or threshold that therefore needs
further investigation.

MfE (2021) templates can be used for both high-level risk screening and detailed risk
assessments. While it is stated as optional, it is recommended to also map impact chains
or systems to uncover place-based risks (eg, figure 16).

83 RiskScape™ is being continually developed by the National Institute of Water and Atmospheric Research,

GNS Science, Toka Tt Ake EQC and Catalyst (https://riskscape.org.nz/).

64 RNZ. Cost benefits of Westport flood scheme tipped to top S200m. Retrieved 23 February 2024.

85 Resilience Explorer. A local-national scale resilience planning dashboard for New Zealand. Retrieved

24 February 2024.

86 See Urban Intelligence, Access Resilience, for a Christchurch example for geo-hazards

(https://research.uintel.co.nz/access-resilience/).
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Step 4: Assess vulnerability and risk

BOX 9: CLIMATE RISK ASSESSMENT TOOLS

Constructing impact chains or systems maps can show cascading impacts within and among
value domains (eg, figure 16) for indirect and place-based risk assessments (eg, Lawrence et al,
2018, 2020a; annex C of ISO 14091:2021).

Clrcle tool®’ can be used for interactive systems mapping to explore connectivity among
drivers of risk, especially for infrastructure and utility services (Hounjet et al, 2016; Lawrence

et al, 2020a). This feeds into a place-based risk assessment via collaborative workshops.

Combined mapping and GIS approaches
Combined approaches use GIS or other mapping platforms to integrate quantitative and

qualitative findings, including narratives, observations and matauranga Maori. Compiling
such information helps evaluate and prioritise local and wider-scale risks and hotspots.

Engagement

Risk assessment is more than a technocratic process. It needs a specific plan on the roles and
expectations and level of engagement with different parties and partners at the start of the
assessment, during and at the end of the process (to communicate the findings). This may be a
slightly different engagement process than that used for the DAPP approach and developing
an adaptive planning strategy, particularly if the risk assessment is part of a general climate
risk assessment at a regional or district scale. More details on engagement are set out in
Community engagement principles and approaches, and practice methods: Coastal hazards
and climate change guidance — Supplement B.

Table 13 outlines a process for setting up and undertaking each task in a coastal climate risk
assessment, with stated alignment to policies in the New Zealand Coastal Policy Statement
(NZCPS) (DOC, 2010) and relevant risk guidance (eg, MfE, 2021) and ISO standards (ISO
14092:2020 and ISO 14091:2021). Each phase is described in more detail below.

Table 13: Process for assessing climate risks in coastal areas

New Zealand Coastal Policy

Statement policies, standards

and guidance Description
Task 1: Getting started Policies 2 and 4, 1SO 14091:2021, | Buy-in: objectives, purposes, governance and
(pre-planning) MfE (2021) integration, multiple uses, resourcing capability

to implement the risk assessment, level of
engagement, use of matauranga Maori and
local knowledge.

Task 2: Context and set up | Policies 1 and 24; 1SO 14091:2021; | Determine scope, system boundaries,

MfE (2021); ISO 14090:2019 organising value domains, scenarios (climate,
socio-economic), which qualitative/quantitative
methods, outputs and expected outcomes,
budget.

57 Clrcle is Critical Infrastructures: Relations and Consequences for Life and Environment. See
https://circle.deltares.org/ and www.deltares.nl/en/software-and-data/products/circle-critical-
infrastructures.
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New Zealand Coastal Policy

Statement policies, standards

and guidance Description

Task 3.1: Identify and Policy 24; 1SO 14091:2021; MfE Involves identifying types and range of hazards

prepare data and (2021) (including compounding) and system elements

information potentially at risk, data availability and
conceptual cascades or impact chains, data
inventory.

Task 3.2: High-level risk Policy 24; 1SO 14091:2021; MfE Involves assessing hazards, elements and places

screening (2021) potentially at risk presently and for an upper-

range sea-level rise scenario to at least 2130.
Rate evidence base and screen for priority,
important and unclear hazards and places and
networks for next task.

Task 3.3: Detailed risk Policies 24, 25 and 27; ISO Involves a more detailed assessment of risks
assessment 14091:2021; MfE (2021) from task 3.2. Uses a range of relative sea-level
rise increments (or projections) plus other
climate and socio-economic scenarios. Use
quantitative data where available for both
exposure and vulnerability. Develop impact
chains, geo-spatial analysis (eg, isolation and
utility outages), risks to people, taonga,
environment and elements.

Task 3.4: Review and Policies 2 and 4; ISO 14091:2021; Review risk and consequence ratings for
communicate risk MfE (2021) consistency and confidence. Compare coastal
areas. Under what conditions does an upward
inflexion in risk occur? Thresholds?
Opportunities? Produce outputs: maps, impact
chains, risk charts, workbooks, online risk
explorer, report.

4.1.3 Coastal climate risk assessment in practice

To support different objectives (including informing subsequent steps in this guidance),
defining the spatial extent of the risk assessment and data and resources available to local
authorities, two levels of risk assessment with increasing depth and resource requirement are
recommended (MfE, 2019, 2021; NCCARF, 2016). This is aligned with the coastal hazard and
risk policies of the NZCPS (DOC, 2010) (see also DOC, 2017 guidance).

Set up and scope of risk assessment

Box 10 summarises the key tasks for setting up and scoping the risk assessment process. This is
similar to the key tasks for adaptation planning but is located here as a separate, more focused
process on what the assessment covers. This is because while a risk assessment is a part of a
DAPP approach for coastal areas, it is often undertaken separately as a broader regional or
local climate risk assessment (MfE, 2021), of which a coastal risk assessment is a subset.
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Step 4: Assess vulnerability and risk

BOX 10: KEY TASKS FOR THE RISK ASSESSMENT PROCESS

1. Getting started (pre-planning)%®

Decide on:

—  the objectives and purposes of the coastal climate risk assessment (and
whether it is part of a general climate risk assessment)

—  how the risk assessment will support an adaptation planning pathways
approach.

Obtain buy-in to:

— anintegrated approach across relevant councils, iwi/hapd and stakeholders, or a

—  multi-user collaborative approach.

Then set up the governance oversight for the risk assessment to achieve the selected
approach. Establish the governance group and technical reference group
responsibilities, resourcing and capacity to implement the risk assessment.

Decide on the starting point and how detailed the assessment should be (depending
on available data, tools and resources for addressing information gaps).

Identify stakeholders and plan for engagement and collaboration and develop a
communication plan.

Develop guiding principles (nga matapono) related to the local context and
developed in partnership with iwi and hapa.

2. Context and set up®

Determine the scope, scale of assessment and system boundaries:”°

Decide on the range of coastal hazards to assess, which seal-level rise (SLR)
increment or relative sea-level rise (RSLR) approach, and planning time horizon.

Agree on value domains, such as Treasury’s wellbeing domains (MfE, 2021). Address
them individually and their interdependencies (figure 16). Cascading risks should
focus on vulnerability (sensitivity and adaptive capacity), to address the significant
and priority place-based risks.

Establish the methodology (or mix of methods) for the assessments, depending on
availability of quantitative and qualitative data and how matauranga Maori will be
incorporated (see box 4).

Decide how to gather and store the data and results, and how to make it accessible
to stakeholders (see box 4).

Establish the project team, budget, implementation plan and outputs, usually done
through a request for proposals and tendering process.

68  Adapted from chapter 1 (MfE, 2021) and sections 4.2 and 5.2 of ISO 14091:2021. For further guidance,
see strategic documents such as Arotakenga Huringa Ahuarangi: A Framework for the National Climate
Change Risk Assessment (MfE, 2019), the first national climate change risk assessment (MfE, 2020a) and
the local government climate risk assessment guidance (MfE, 2021, section 1.2), local and regional
strategic statements, and iwi management and environmental plans.

Adapted from chapter 2 (MfE, 2021) and sections 5.4-5.9 of ISO 14091:2021.

69

70

See figure 5.5 and annex A of ISO 14090:2019. Include whether it covers a single district and/or city, an
entire region (eg, an initial high-level risk screening) or a comparison of districts or coastal units (eg,
Hawke’s Bay Tangoio to Clifton 2120 strategy, Lawrence et al, 2019) or the Auckland Shoreline Adaptation
Plan (Carpenter et al, 2017, 2022).
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BOX 10: KEY TASKS FOR THE RISK ASSESSMENT PROCESS

3. Identify and prepare data, information and projections
Compile data and information currently available, including:

o national or regional climate change and RSLR projections, and any downscaled
local effects

o mana whenua matauranga, pirakau (stories) of the land

e the range of hazards that fit the decided objective and purpose (drawing information
and hazard magnitudes from the hazards assessments — see step 2)

e  system elements (across the value domains) at risk from exposure from the impacts
of climate change

o the attributes and features of assets, land, cultural sites and people who are
sensitive to coastal hazards and climate change (inputs to vulnerability). These
can include fragility functions that relate the per cent damage or impact of assets
to the magnitude of hazard exposure, for example, flood depth above a floor level
(included in RiskScape)

o barriers and enablers across the value domains, particularly governance, social and
cultural, that could affect adaptive capacity (inputs to vulnerability)

e  some scenarios or narratives of future policy, economic and social settings,
demographic trends and effects on exposure and vulnerability (annex B of 1ISO
14091:2021, and Allison et al, 2023). Otherwise, future climate change and RSLR
projections are only being assessed for risk on the current situation and policy and
economic settings

o essential gaps, and how this information can be gathered.’”*

4. Consequence analysis

What elements are at risk and the consequences should they be affected. Things to
consider include:

e type of land use or infrastructure
e the expected lifetime of the asset
e  whether the development already exists or is yet to be built.”?

The degree of risk and consequences can then be used to set triggers and adaptation
thresholds for the dynamic adaptive pathways planning approach.

5. Review and communicate risk
Implications of the risk assessment findings and ratings to make sure:
e there is consistency (across domains, places, elements, intra-regional connectivity)
e arange of future changes have been adequately considered

o adaptation (risk) thresholds that have emerged from the risk assessment have been
validated and carried through to step 5 of the decision cycle (to identify and evaluate
pathway options)

e the methodology is fit for purpose

o engagement has been adequate and lessons learned have been documented

" Further guidance on acquiring and managing data and risk elements is in sections 6.3 and 6.4 of 1SO

14091:2021 and sections 3.1 and 3.2 of the local climate risk assessment guidance (MfE, 2021).

72 Note that the NZCPS policy direction differs, depending on which of these applies. Planning where there is

existing development could enable an acceptance of an existing risk.
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Step 4: Assess vulnerability and risk

BOX 10: KEY TASKS FOR THE RISK ASSESSMENT PROCESS

e the guiding principles (nga matapono) and community, council and iwi/hapa values
from step 3 were successfully woven into the assessment

e thereis a comfortable level of assurance in the findings and priorities (including from
a peer review or challenge process)

e any significant gaps in data, risk metrics, assessment limitations or engagement have
been identified

e any opportunities to reduce risk that arose during the assessment have been
included, for example, alternative transport routes, repurposing land use, changes in
primary production, horticulture, paludiculture, enhancing coastal wetlands and
marshes (Allan et al, 2023)

o the objectives and purposes of the assessment have been achieved
o people know how to use the findings to inform subsequent steps in the decision cycle.
Communicate the findings through a variety of channels, such as maps, a geo-spatial risk

portal, system maps (cascade chains, eg, figure 16), workbooks, infographics (posters), a
summary report, slide pack (for decision-makers) and a technical report.

First pass risk screening

First pass (high-level) climate risk screening (at a regional, city or district scale) can be
conducted as a desk-top study or one-day risk workshop or hui to screen the main climate
change related risks for coastal areas “potentially affected” by coastal hazards (usually focused
on flooding and erosion) and the effects of climate change (Policy 24, NZCPS, DOC, 2010, p 24).

Identify risk hotspots, key interactions or interdependencies, risks that are unclear or lack
data, and timeframes (or increments of RSLR) for risks emerging.

Focus on building a shared qualitative understanding of the more significant risks that
could compromise community and cultural values, public safety and disruption, and
council objectives and levels of service.

The outputs from this screening identify the priority risks to assess in more detail in risk
assessment. Be cautious when deciding on priority risks. The most noticeable risks may
seem to be a priority, but there may be other ‘hidden’ risks that could be more important
or need to be addressed with a long lead time. For example, groundwater is often
overlooked but will have significant effects for many coastal areas, even if an
‘accommodate’ option is implemented.

Address any gaps in crucial information, uncertainty bounds or disagreements on risk
rankings before the next phase. These discussions may form a basis for early input into
land-use planning and building consent that could constrain any further increase in risk
from redevelopment or change in land use.

Figure 18 shows a general workflow that could be followed for a first pass coastal risk
screening.

Part B: What matters most? 91



Figure 18:  Suggested workflow for a first pass coastal risk-screening assessment

Evaluate coastal hazards

Consider:

— available information

— RSLR increments or projections
— horizons: present, to at least 2150

Assess risk exposure
Identify/map elements at risk

Consider:

— mostly direct exposure

—+ Matauranga Maori and experiences

—+ potentially affected elements and value domains

Screen domain/place interactions

Workshop/hui key domain
interactions and interdependencies

Consider: (\'
— spatial, place-based interactions/impacts KJ

Prioritise risk and identify
information gaps

Identify places for detailed assessment

Consider:
— values of community, iwi/hapt and stakeholders
—+ effects on council objectives and requirements

Source: Adapted from the guidance for local climate risk assessments (MfE, 2021) and the recent emphasis on
systems mapping of cascades or impact chains to weave in a place-based component (eg, Lawrence et al, 20203;
annex C of ISO 14091:2021). RSLR = relative sea-level rise.

Examples of different types of risk screening, which have mainly focused on risk identification
and exposure, are:

a) therisk exposure of Auckland shoreline assets and reserves to SLR (Boyle et al, 2019);

b) the national coastal risk exposure assessment by Local Government New Zealand of
council assets, facilities and reserves (Simonson and Hall, 2019)

c) Tasman District coastal risk exposure and posters for four domains and/or themes
(Tasman District Council, 2020)

d) arisk identification exercise (surveys and in-person or online hui and workshops for the
2022-23 Bay of Plenty climate risk assessment.”

73 Bay of Plenty Regional Council, Environment. Retrieved 24 February 2024.
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Step 4: Assess vulnerability and risk

Detailed risk assessment

A detailed climate risk assessment takes the higher-ranked, significant short- and long-term
and unclear climate risks from the risk-screening phase and undertakes a detailed analysis
combining all three elements of risk in figure 15. It determines how climate change may
exacerbate existing coastal risks or the emergence of new significant compound hazards

(eg, flooding and erosion combinations, liquefaction) and cascading impact chains (figure 16).
Elements to include in a detailed risk assessment are as follows.

e Focus on vulnerability and the places, systems and networks identified in the regional
and/or district screening as at greatest risk across the planning horizon. The assessments
should encompass both the elements at risk and the extent of cascading impacts on the
locality arising both locally and from across the wider area and/or region.

e Use RSLR increments to cover the range of projections out to 21307* or, as a minimum, the
RSLR projections recommended by table 6.

e Attempt to superimpose future climate projections on a few future socio-economic
scenarios or narratives (UNDRR, 2022). Examples are population trends, modal shifts in
transport, changes in land-use and growth strategies. Use national, regional and local data,
including input from hazard assessments for various RSLR increments or RSLR projections,
demographics, and geo-spatial databases of assets and their attributes (eg, Land
Information New Zealand and national building footprint”).

e To assess exposure, identify how and where people, elements and their interconnections
and interdependencies are exposed, at different RSLR increments or projections (see
Dunedin South and Tauranga examples, Lan et al, 2023; Stephens et al, 2021, or transport
isolation of a locality, Logan et al, 2023; Logan and Reilly, 2023).

e Assess the value (in monetary terms or intrinsic value) of the assets, taonga, environments,
people and utility and infrastructure services exposed to events and progressive change of
the identified coastal climate hazards. Express the degree of exposure in both absolute
numbers, densities or proportions (eg, of people, buildings, assets, wetlands and the
economy) and cascading impacts.

e Measure the extent of exposure and present it spatially (eg, a map scaled to the degree to
which elements and networks are exposed to the hazard) and temporally to determine the
changing exposure over time, to inform where and when risk thresholds arise.

e Detailed risk assessments should focus mainly on assessing vulnerability, comprising
sensitivity or fragility’® to climate hazard exposure, social vulnerability (see section 4.2) and
adaptive capacity’” across the value domains. Further guidance on assessing vulnerability
is provided in MfE (2019, pp 64-66 and 2021, pp 43-45). Methodologies beyond matrices
or risk charts used in these guides are still evolving but should involve the integration of
local knowledge and experiences, matauranga Maori, and deliberations of workshop and
hui and combining quantitative and qualitative place-based vulnerabilities on a risk
explorer platform (see box 4).

74 Nz SeaRise platform has medium confidence projections out to 2150.

7> Land Information New Zealand. NZ Building Outlines. Retrieved 24 February 2024.

76 Fragility is more widely used than sensitivity in the engineering sector for buildings, utility services and

infrastructure sensitivity to damage and failure from exposure to a hazard.

77 Further guidance on assessing adaptive capacity is in 1SO 14091:2021 (section 6.5 and annexes G-H);

ISO 14092:2020 (section 6.5) and MfE (2021).

Part B: What matters most? 93


https://data.linz.govt.nz/layer/101290-nz-building-outlines/

e Sensitivity: assess the sensitivity of the built environment and cultural sites by considering
the type, physical features (eg, floor or road levels), fragility to disruption or damage
and state of maintenance of a building or element of infrastructure to the same hazard
exposure. In other value domains, such as the natural environment, sensitivity to direct
and indirect cascading effects should be explored for a full range of climate-related coastal
hazards including progressive changes (figure 3).

* Adaptive capacity: assessing this component of vulnerability” is mostly qualitative in
nature and forward-looking, involving value judgements, te ao Maori perspectives, expert
and stakeholder views and how planning, policy and governance settings enable or hinder
adaptation to avoid increasing the risk in coastal areas. Examples include assessing:

a) access to and adaptiveness of funding systems; b) risk tolerance of a community;
c) capacity to respond to more frequent events and coping ability if communities are
isolated more frequently; and d) ecosystem capacity to adapt (up to a tipping point,
if relevant).

The findings of when different risk thresholds emerge across the value domains were
identified in step 4. This will inform step 5 in identifying limits of the current situation and
the types of adaptation options that may be required.

Figure 19 shows an example of a general workflow for a detailed risk assessment. The workflow
can also be iterative, particularly if new or improved information is acquired during the process
or there is uncertainty or lower confidence in the last risk prioritisation phase.

78 Further guidance on assessments of adaptive capacity can be found in 1SO 14091:2021 (see section 6.5
and annexes G—H); ISO 14092:2020 (section 6.5) and MfE (2021).
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Step 4: Assess vulnerability and risk

Figure 19:  Suggested workflow for a detailed coastal risk assessment

Evaluate coastal hazards

Consider:
= available/new information

— RSLR increments and/or projections from at least two
scenarios (SSP2-4.5 M and SSP5-8.5 M) (see table 5)

= horizons: present, to at least 2150
—+ compound hazards
—> socio-economic scenarios

Assess direct and indirect
exposure

Identify/map elements and networks
at risk. Rate level of exposure.

Consider:
- Matauranga Maori and experiences
— elements, places and domains likely to affected

Assess domain/place interactions

Workshop/hui key domain interactions
and interdependencies from direct risks

Use:

—+ systems maps or lists
e spatial, place-based interactions and mapping
» ratings of indirect or cascading interactions

Consider: /N
—+ opportunities K_)

Assess domain vulnerability/
sensitivity

How elements, utility networks
and place-based communities will fare

Consider:
- Council objectives, requirements, service levels
— values of community, iwi/hapa and stakeholder

— ability of systems to adjust and respond
(adaptive capacity)

Rate risks and assess consequences

Identify and evaluate:
— direct and indirect risk ratings
—+ key interactions between and within domains
— value judgements on the consequences to plan
(for both short and long term)
—+ emerging adaptation thresholds (networks and places)

Source: Adapted from the guidance for local climate risk assessments (MfE, 2021), the ISO 14091:2021 climate risk
standard and the recent emphasis on systems mapping of cascades or impact chains to weave in a place-based
component to the assessment (eg, Lawrence et al, 2020a; annex C of ISO 14091:2021). RSLR = relative sea-level rise;
SSP = shared socio-economic pathway.
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Examples of a detailed coastal risk assessment are: a) coastal erosion and flooding risk
assessment for Tauranga City using the RiskScape multi-hazard framework (Stephens et al,
2021); and b) exposure and vulnerability assessment for the Thames Coromandel Shoreline
Management Pathways project (John and Martin, 2022).

4.2 Assess social, cultural and
environmental vulnerability

The vulnerability component of a risk assessment needs to be broader, encompassing social,
cultural and environmental and ecosystem vulnerability over time, which have not often been
adequately appraised in conventional risk assessments.

4.2.1 Assess social vulnerability

Identify vulnerable communities

It is good practice to include social and cultural vulnerability assessments when assessing risk.
Assessment of climate change impacts and vulnerability is referred to in section 5ZQ of the
Climate Change Response Act 2002, and vulnerability is built into the Intergovernmental Panel
on Climate Change framing of risk (IPCC, 2022, p 5).

Maori as tangata whenua and kaitiaki of their ancestral and cultural landscape will face
disproportionate impacts from climate change and coastal risks in particular (see section 1.1.3;
Ihirangi, 2021; MfE, 2022a). In general, it is highly likely that Maori living in locations
vulnerable to coastal hazards may be displaced as a result of climate-related impacts. This
could disrupt the transmission of location-specific matauranga Maori and tikanga practices
(MfE and Stats NZ, 2023).

Methods for assessing social vulnerability

Conventionally in risk assessments, vulnerability supports adaptation based on technological
or engineering interventions (such as protection (eg, seawalls) or accommodation (eg, raising
buildings or filling land)). Although these adaptations may reduce the severity of impacts
associated with hazards for a time, they often fail to target the social, political and economic
drivers of social vulnerability amongst those most at risk (Johnson et al, 2023; Nightingale

et al, 2020).

Present, emerging and future impacts of coastal hazards and SLR will exhibit complex
cascading impact chains directly or indirectly into the social and cultural domains (Lawrence
et al, 2020a; MfE, 2020a).

The social and cultural dimension of vulnerability focuses on the propensity of a group or
individual to experience impacts because of a changing climate due to their situation (Adger,
2006). It includes health and safety, mental wellbeing, damage to taonga or cultural sites, grief
over repeated loss, business disruption, and capacity to cope and adapt.

It is essential to understand who is vulnerable, to what, and why for delivering equitable
adaptation outcomes.
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Step 4: Assess vulnerability and risk

Researchers and practitioners have applied quantitative indicator-based or bottom-up
qualitative approaches to understand vulnerability (table 14). A combined, iterative approach
that works across spatial scales can maximise the advantages of both types of approaches. An
example is using a quantitative indicator approach at the regional or district scale to identify
hotspots, then more detailed community or iwi/hapi engagement to better understand local
social vulnerability. An alternative is to develop more nuanced indicators through use of
serious games with communities and decision-makers (Johnson et al, 2023).

Table 14:

Method

Quantitative
indicator-based

‘ Examples

Social Vulnerability Index
(Cutter et al, 2003)

‘ Advantages

A large pool of existing
indicators.

Advantages and disadvantages of methods for measuring social vulnerability

‘ Disadvantages

High level, generalised static
portrayals about vulnerability

approaches considers vulnerability asa | |nformation available from (Johnson et al, 2023). Assumes all
product of exposure to a census data or other people and groups with certain
hazard and social and assessable data sets. characteristics are vulnerable
cultura'l cha.racteristics (eg, Useful for high-level (exclu'des diversity within
education, income, ) groupings).
. comparisons between
occupation, age, race and different populations Limited connection with adaptive
gender) . - capacities.
Geographic ‘hot spots’ can
be quickly identified, where Biased toward indicators that can
hazards affect a potentially be measured rather than what is
vulnerable population. important to measure and assess.
Less useful at a local scale because
the quality or resolution of the
data is low or aggregated.
Communities may not like
external agencies telling them
they are vulnerable.
Bottom-up Explore local social Addresses adaptive capacity, | Requires hui and interviews, so
qualitative vulnerability with giving a clear picture of takes longer to collate the
approaches potentially affected parties, | actual vulnerability. information. Requires careful
through collaborative Information will be more attention to who takes part, for a
development of indicators, | jetailed and related to representative view.
or collecting qualitative specific places, hazards and | Difficult at larger geographical
.data t!wrough meetings and | intra-regional connectivity. | scales.
interviews ) ) )
Provides a good starting May be affected by experiences
position for considering local | with past hazard events.
adaptation options. Requires more complex analysis.
Combined Nuanced specific indicators | Greater engagement with Requires expert analyses of the
approaches (Johnson et al, 2023) that social context of specific decisions and reasons of all

engage more deeply with
the interlinked socio-
economic, cultural, political
and economic specificities
of place, for example, use
of personas through serious
games’® combined with
agent-based modelling
using climate hazards and
relative sea-level rise
projections (Johnson et al,
2023; Lawrence et al,
2021c¢)

place or locality.

Attempts to capture the
dynamics (over time) in
vulnerability.

Accounts for adaptive
capacities and strengths.

Balances detail of grounded,
place-specific accounts of
vulnerability with high-level
vulnerability indices.

individual players in a serious
game from a community.

Skill needed to translate player’s

responses into behaviours in an
agent-based model.

79 Serious games are designed for community engagement to build players’ capacity for responding to the
complex challenges that climate change presents for a fictional coastal community.
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4.2.2 Assess environmental vulnerability

Environmental vulnerability in coastal settings will be determined by the natural systems
exposure to the climate stressors, how sensitive they are to the climate stressors, and whether
they can adapt to the type and rate of coastal hazards, and particularly to SLR (MfE, 2020a).
Like human systems, the environment has thresholds that, if reached, will affect the ability to
adapt. In turn, this depends on the rate of change at the coast and whether the species or
system can move or continue to function. It is also dependent on how humans manage and
affect the natural systems through their activities.

In the absence of human-induced pressures, many coastal ecosystems and species would

be able to adapt in some way. However, most are exposed to the effects of habitat loss,
introduced species, nutrient and sediment inputs from land-use practices, and direct
disturbances from activities such as roading, subdivision, building construction and marine
structures. The coastal environment already contains many threatened and rare ecosystems
and species.

Climate risks will affect coastal ecosystems, including intertidal zones, estuaries, dunes, coastal
lakes and wetlands, due to both ongoing SLR and extreme weather events. Hazards compound
at the coast with interacting and cascading consequences beyond the coastal environment.

When assessing the vulnerability of the coastal environment, at whatever scale, follow the
same or similar processes as for social and cultural vulnerability assessments, that is, consider
exposure, sensitivity and adaptive capacity in the context of the particular hazards at the
location of interest and use the questions in section 4.2.3 as a guide. The vulnerability
assessment will feed into the risk assessment of the coastal environment more generally and
should include the geomorphic type of coast, the particular species and ecosystem processes,
as well as the human effects on the environment at the area or locality.

4.2.3 Questions to guide assessing vulnerability

The vulnerability component of a detailed risk assessment includes an assessment combining
sensitivity and adaptive capacity. The following questions can help guide how to determine
how vulnerable communities and environments in coastal areas are to the more frequent or
progressive impacts of climate change.

Focus the analysis of sensitivity on the following questions

e Arethere groups or individuals more predisposed to climate impacts (eg, those with pre-
existing stress due to economic conditions, uninsured, renters, certain ethnicities or ages,
mobility impaired, lower socio-economic groups, or those with health conditions)?

e Isthe system already stressed, starting to stretch coping capacity or risk tolerance
(eg, regular overtopping of a seawall, nuisance coastal and/or stormwater flooding,
increasing shoreline erosion, or insurance retreat)?

e Isthe system, environment or network limited or inflexible in the face of coastal climate
change?

e For tourism and recreational activities, how sensitive are public coastal spaces (reserves,
esplanades and beaches) to coastal hazards and relative sea-level rise (RSLR)?

e Are some productive land uses more sensitive than others?
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Step 4: Assess vulnerability and risk

e Isthe natural ecosystem exposed to ongoing RSLR (eg, nesting birds on beaches, Ramsar
sites,®® wetlands or marshes, or decreasing intertidal flats)?

e  What is the system’s impact threshold?

e How do environmental sensitivities vary across the region?

Focus the analysis of adaptive capacity on the following questions®!

e Are the systems and people able to accommodate the changes in climate impacts? For
example:

— arethere institutional and governance structures in place to adapt
— does the area have high numbers of elderly and very young people
— are there tapu or other cultural sites

— isthere a lack of critical facilities

— are there people located where they cannot physically move from the risk?

e Arethere barriers to a system’s ability to accommodate climate impacts? For example, are
planning rules based on historic climate conditions or are the rules likely to create other
limitations on changing or repurposing land use? (White et al, 2023)

e« When does the rate of change exceed the ability of the systems, organisations and people
affected to respond?

e Are efforts already under way to address climate impacts (eg, preparedness, criteria for
monitoring the effectiveness of current planning, and early signals for a change of course)?

80 sites designated under the Convention on Wetlands (Ramsar Convention), which is an intergovernmental
treaty that provides the framework for national action and international cooperation for the conservation
and wise use of wetlands and their resources.

81 For more guidance, see annex G and annex H of ISO 14091:2021, and the local climate risk guidance
(MfE, 2021).
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Recommended
key tasks to
complete before
moving to Step 5

Establish the purpose and objectives, governance,
resourcing and capability, level of engagement, and use
of matauranga and local knowledge for risk
assessments.

Determine the scope, system boundaries, value
domains, scenarios (climate, relative sea-level rise and
socio-economic), outputs and outcomes, and budget.

Identify the types and range of hazards (including
progressive changes and compound multi-hazards) to
include (from step 2) and what is at risk, data
availability, and cascading impacts and interaction (eg,
via workshops and hui).

Follow the tasks in the first pass screening and detailed
risk assessments, and decide on the methods for
qualitative and quantitative assessment.

Undertake a social, cultural and environmental
vulnerability assessment and feed it into the overall risk
assessment.

Review the findings and risk priorities, communicate
the results, and determine how to use them in
subsequent steps of the decision cycle.
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Part C: What can we do about it?

Step 5: Identify options and

pathways

A range of options and pathways are developed at this step to reflect the dynamic and
changing risk that is driven by climate change, in particular relative sea-level rise (RSLR). At the
coast, there are known and unknown impacts of climate change as the risks rise, and there are

uncertainties in the future that cannot be predicted. This means that ways of identifying the

options and pathways should be appropriate for the dynamic coastal context.
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5.1
5.1.1 Consider options and pathways

Adaptation pathways planning

Identify adaptation options and pathways

This step outlines how to identify adaptation options and develop dynamic adaptive pathways

planning (DAPP) (see box 11). It should be read together with policies 24 to 27 of the New

Zealand Coastal Policy Statement 2010 (NZCPS, DOC, 2010) and its associated guidance (DOC,
2017). The outcome will involve several alternative pathways to achieve the agreed objectives.
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BOX 11: DYNAMIC ADAPTIVE PATHWAYS PLANNING APPROACH

The dynamic adaptive pathways planning (DAPP) approach is a decision making under deep
uncertainty (DMDU) approach suitable for use in coastal settings where the rate and
magnitude of changing risks are uncertain.

DAPP enables the user to develop short-term actions and long-term options. These are
depicted visually as a series of alternative pathways that meet the user’s objectives, for
example, to reduce risks from the changing climate and ongoing sea-level rise (SLR). It does
this through a step-wise process that:

e identifies objectives and thresholds to be avoided
e identifies possible adaptation options and interlinked pathways

e evaluates the options and pathways by ‘stress-testing’ them for their sensitivity to
different future climate change conditions, using a range of future scenarios of relative
sea-level rise (RSLR) increments (step 6) and other uncertainty assessment tools (step 7)

o develops an adaptive strategy with signals and triggers that can be monitored for change,
and measures for implementing it

e develops a monitoring strategy with indicators to track that give lead time to review
changes in impacts and objectives, and to change options or pathways with lead time
before the threshold is reached (step 9).

DAPP prevents having to preselect upfront a specific climate change scenario or RSLR
projection, compared with a conventional ‘predict-then-act’ single investment approach.

DAPP is an approach that enables decisions to be made without delaying decisions until
uncertainties are reduced (if they can be). DAPP also enables better informed decisions in
crisis situations that can otherwise result in maladaptive outcomes that increase exposure or
vulnerability. DAPP is typically used alongside other DMDU evaluation tools (step 6) and can be
used at any scale.

Options to consider

Several types of adaptation options are available for adapting to coastal hazards and climate
change® (figure 5). These adaptation options include the following.

e Avoid: Stop people and assets being put in high-risk locations. It primarily uses land-use
planning measures, spatial planning and adaptive management of assets and services.

e Accommodate: Stay in place and make changes to buildings and infrastructure to improve
resilience and work around the increasing risk. For example, raising floor levels or roads,
building relocatable houses, setting minimum build levels, and providing alternative
inundation flow paths. Provide room for beach or shoreline change processes and ponding
of intertidal areas further inland.

e Protect: Stay in place and manage the hazard by defending the shoreline. For example,
maintaining or enhancing natural buffers (dunes, estuaries; see box 12), hard structures
(seawalls, rock revetments®), soft engineering (renourishment, geotextile sand tubes),
tidal gates, pumps, planting vegetation to support land accretion.

Consistent with the direction in the New Zealand Coastal Policy Statement (NZCPS) Policy 25 and Policy 27
(DOC, 2010).

83 Note that hard protection structures are discouraged by NZCPS (Policy 27, DOC, 2010) and the DOC (2017)
guidance due to the potential for adverse effects on the coastal environment.
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e Retreat: Permanent removal or relocation of existing habitation (people and buildings),
assets and services from the coast in a planned, staged and managed approach over time.
Also applies to ‘managed realignment’ by deliberate breaching or removal of causeways or
flood banks to allow wetlands and marshes to migrate further inland (Allan et al, 2023).

Each type of adaptation option has different lifetimes and will have different performance
limits. In general, avoidance strategies should be considered first in coastal settings, to
ensure that protect and accommodate options do not become the default approach without
consideration of the known ongoing and progressive risk from SLR and storm surge. Only
avoidance and retreat strategies provide permanent reduction of risk.

In practice, a suite of options should be considered and the option chosen should depend on
the local circumstances. For example, in areas of significant existing development a range of
options to reduce risk should be assessed.?* Considering which types of options to use will
depend on whether an existing development or a new development is being considered. For
example:

e maintaining the current level of development (ie, no further development or
intensification)

e preparing for retreat

e protecting the area for longer (assuming the protection is already in place and that retreat
or alternative protection are options at some point in the future)

e or combinations and intermediate options within this range across the different types.

Consider the adequacy of infrastructure as conditions change over its lifetime, for example,
water, wastewater and stormwater services, above-ground utilities and national and local
roads. These will require separate evaluation. Urban systems cannot function without
supporting infrastructure, and delaying replacement decisions, or putting infrastructure in
exposed locations with increasing risk places a large adjustment burden on future generations.

Other criteria will be driven by compliance with relevant statutes (eg, the Resource
Management Act 1991, Building Act 2004 and Local Government Act 2002), the values

and objectives of the community and councils, and may include coastal amenity, ease

of implementation, and any multiple benefits and co-benefits. For areas that have significant
development that are likely to be affected by coastal hazards, Policy 27 of the NZCPS (DOC,
2010) sets out requirements for options and strategies for reducing coastal hazard risk .

In practice, a combination of near-term actions and long-term options, which may be staged
over time, depending on the exposure of the locality will be needed. The DAPP approach

can be used to identify the options, evaluate them, and develop an adaptation strategy and
implementation plan (steps 7 to 10). This enables management of the changes in SLR and
associated impacts over the lifetime of the option and minimises or avoids lock-in of services
that reduces the ability to adapt over time.

84 See NZCPS Policy 27 (DOC, 2010).
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BOX 12: NATURE-BASED SOLUTIONS

Nature-based solutions (NbS) are accommodation types of adaptation options. At the coast,
they can provide a temporary buffer at the same time as providing co-benefits for people
and nature.

NbS support biodiversity and wider environmental outcomes. They are well aligned with the
2010 New Zealand Coastal Policy Statement direction to “provide where appropriate for the
protection, restoration or enhancement of natural defences ...” (Policy 26, DOC, 2010, p 24).

Te Mana o te Taiao — Aotearoa New Zealand Biodiversity Strategy 2020 defines NbS as
“solutions that are inspired and supported by nature, cost-effective, and simultaneously
provide environmental, social and economic benefits and help build resilience” (DOC, 2020,

p 62). When well-designed and implemented, NbS can contribute a range of benefits, including
improved biodiversity outcomes, enhanced community wellbeing and climate change
mitigation. For example, the restoration and preservation of mangroves, salt marshes and
seagrass meadows can also remove carbon (Cooley et al, 2022).

5.1.2 Community engagement

Identifying options and actions for addressing hazard exposure and vulnerability will require
contributions from all stakeholders, including the affected community, iwi/hap, council staff,
technical experts, the wider community, government agencies with interests in the area, and
potential funding agencies.

It is essential to include the community in identifying options and pathways, particularly for
those currently, or soon to be, exposed to coastal climate change effects, because this
engagement will:

e provide deeper understanding about what options and pathways meet their objectives
e highlight what can be practically implemented and how these options might be funded

e maintain transparency about the process and understanding of why certain options are
included (or not).

Community engagement will bring new ideas. Brainstorming a range of options will avoid
narrowing them down too early and increase the flexibility for considering the impact of the
rising risk over the lifetime of the options. A combination of complementary options may be
most effective. These can be presented as alternative pathways with actions in the near term
and options for the long-term. Community engagement principles and approaches, and
practice methods: Coastal hazards and climate change guidance — Supplement B describes
methods for community engagement on options and pathways.

5.1.3 Identify adaptation thresholds

An adaptation threshold is ‘what people do not want to happen’ (an unacceptable condition).
Define these thresholds with communities, iwi/hapl and other stakeholders to reflect their
physical, social, cultural or economic perspectives. Councils and infrastructure operators will
also have to meet thresholds in the agreed levels of service and in statutory objectives.

The values defined in step 3 and translated into objectives will inform the adaptation thresholds.
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Step 5: Identify options and pathways

Useful thresholds reflect what matters most. These could include:

¢ health and safety indicators, such as number of casualties, water quality, or safe vehicle
or cycling limits
e frequency or severity of damaging or disruptive events

e withdrawal of maintenance, decline in levels of service and utilities and increasing cost
of repairs

¢ unaffordable or high-excess insurance premiums or withdrawal of insurance and bank
finance

¢ loss of amenity and cultural values

¢ lengthy displacement of people following extreme events.

Useful thresholds will need to be relevant and easily measured by those monitoring them.
See step 9 regarding indicators and underlying data needs for monitoring.

With community input, identify the adaptation thresholds for the coastal area of concern.

A template for workshops to develop thresholds, triggers and signals is in Community
engagement principles and approaches, and practice methods: Coastal hazards and climate
change guidance — Supplement B.

5.1.4 Consider option lifetime

Assessing the lifetime of options is critical, because it informs the trigger points that determine
whether a shift in pathways is needed. Lifetime is an important factor in the choice of

early actions, along with whether the options lock-in further development and thus increase
risk over time. Figure 20 shows typical lifetimes for different adaptation options and how

the available options diminish over time. This will depend on the different coastal types

(see step 2).

Figure 20:  Typical lifetimes of different options for avoiding lock-in
_—_ Indicative time for planning I _ Typical intended lifetime
" and implementation of measures
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*Measures with long-living societal legacy.
‘Barriers’ are tidal barrages; ‘levees’ are seawalls and stopbanks.

Source: Panel a) Cross-chapter box, Sea-level Rise, Le Cozannet et al (2022), in Cooley et al (2022)
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5.2 Develop dynamic adaptive pathways
planning approach

Approaches like DAPP do not prescribe a single solution that is embedded at the start. Future
options are left for future decisions, provided they continue to help achieve the stated or
revised objectives reviewed at decision trigger points. This gives the community guidance
about what the future pathways may entail. Transparent trade-offs can be made where there
are competing options and different values. Informed debate on the options can then take
place, with an awareness of how they might affect future decisions (Kwakkel et al, 2016).

Using DAPP is particularly useful for making decisions in the coastal context, where dynamic
characteristics lead to ever-changing risk profiles, and where the rates and magnitude of
changes are uncertain, especially over the long term. Such adaptation planning focuses on
making the dependencies among adaptation actions transparent and showing whether options
will result in lock-in of existing risk or create future exposure to risk. This helps reduce the risk
of irreversible decisions and consequence costs and disruption (Kwakkel et al, 2016).

This approach enables decisions to be taken in stages over time to:

* setobjectives

e decide adaptation thresholds based on predetermined conditions that are acceptable or
tolerable to those affected by coastal hazards

e identify triggers (step 7), based on signals, which allow enough time to implement the

response options before the adaptation threshold is reached.

By exploring different pathways using RSLR increments and range of projections to stress-test
them, a DAPP can be designed that includes a mix of short-term actions and long-term options.
Criteria for the options should include:

o flexibility (adjustable or transferable to another option with minimum cost)

e lifetime of the option

¢ avoidance of lock-in and path dependency

* meeting stated objectives over at least 100 years

e performance of the options and pathways to meet the objectives.

Develop the pathways from the present and out into the future using a pathways map

(figure 21), which can be visualised as a metro map showing alternative routes for getting to
the same objective. All routes meet a specified minimum performance level, to a trigger point

for decisions that are implemented before the threshold is reached, giving time for the
particular action or option to be decided, to be put in place, or in statutory plans.

The DAPP map shows:
e adaptation actions or options
e adaptation thresholds (similar to terminal stations on the metro map)

¢ the available actions after a trigger point and ahead of the threshold being reached
(via transfer to other stations in another pathway)

e signals that a decision point is approaching

e the trigger points where a decision is required to review performance, objectives and
whether a change of pathway is required (Haasnoot et al, 2013).
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Step 5: Identify options and pathways
Figure 21: A dynamic adaptive pathways planning map
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Recommended Identify adaptation thresholds with the community,
key tasks to iwi/hapi, asset managers and other stakeholders.
complete before

moving to Step 6 Identify adaptation options and actions based on risk

screening.

Identify pathways using sea-level rise increments and
scenarios.

Build options and adaptive pathways into a planning
map.
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Step 6: Evaluate options and
pathways
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6.1 Choose evaluation tools

It is important to evaluate what is a good adaptation option or pathway. This can be used to
improve or build an adaptation plan that can be adjusted in the future without creating path
dependency and lock-in of land uses in areas exposed to coastal hazards and risks.

Several tools can be used to evaluate the options and pathways, depending on the objectives,
and the level of evaluation effort. The evaluation tools can also be used in combination with
each other. This evaluation can be done qualitatively or quantitatively and with different levels
of effort, depending on the task and resources available. It can be as simple as considering
criteria at an adaptation workshop or using a more complex analysis approach.

Criteria to assess in an evaluation include:

e ability to meet objectives

e flexibility to change in the future

e path dependency to avoid lock-in

¢ feasibility of implementation
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¢ ability to meet community values and provide co-benefits

e sensitivity to compounding and cascading impacts

e sensitivity to discount rate

e sensitivity to review date

e costs and losses, to assess value for money

e timing of options

e environmental effects.

Many different decision support tools are available, but not all are useful for addressing deep
uncertainty and progressive ongoing and increasing risk. The choice of evaluation tools also
should reflect the stage in the decision process, the nature and scale of the issue, the
objectives and the options. Ensure the tools can perform over a range of plausible climate
futures and can readily assimilate either increments of relative sea-level rise (RSLR) (and
associated time brackets, see table 6) or the range of recommended RSLR projections out to at
least 2130. To do this, apply the tools to a range of sea-level rise (SLR) heights (at constant

increments) or scenarios and projected changes in storms, waves and storm surge and
groundwater rise.

Table 15 describes the applicability, usefulness and limitations of different decision support
tools and approaches and in what circumstances they should be used.

Table 15: Applicability of different decision support tools

Tool Applicability Usefulness and limitations Potential uses

Cost-benefit Short-term assessment, Most useful when climate risk Low- and no-regret option
analysis (CBA) particularly for market probabilities are known. Climate | appraisal (short term). Use
sectors. sensitivity small compared with | in iterative risk management
total costs and benefits. Good for relative costs and
data is needed for major cost- benefits among options.

benefit components.

Cost-effectiveness | Short-term assessment for | Most useful for same situations | Low- and no-regret option

analysis market and government as for CBA, but for non- appraisal (short term). Use
sectors. Particularly monetary metrics (eg, in iterative risk
relevant where there are ecosystems, health). Agreement | management.
clear environmental on sectoral social objective (eg,
headline indicators and acceptable risks of flooding).

known dominant impacts.
Less applicable for cross-
sector and complex risks.

Multi-criteria Integrates quantitative Highly adaptable but requires Simple and effective general
analysis and qualitative careful use and documentation. | process for comparing
information (intangibles) Needs to be tailored to options in the short,
when comparing options. | circumstances but can build in medium and long term, and
considerations, such as ability to | can contribute to policy
adapt, interdependencies, development. Relies on
future-proofing and cost. informed judgement.

Identifies fatal flaws and
degrees of difficulty.
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Tool

Iterative

Applicability Usefulness and limitations

For assessment of
quantitative change in risk
or hazard for a preferred
adaptation option to
compare with the existing
situation. Informs viability
and lifetime of option and
explores residual risk.
Applicable at project and
strategy level (eg, Beya
and Asmat, 2021).

Useful for evaluating
effectiveness of options to
reduce risk (or increase residual
risk) and over what lifetime. Also
to assess unintended
consequences or side effects in
wider area (eg, estuary seawall
could increase future flooding
upstream).

Potential uses

Can be used with
quantitative risk platforms
(eg, RiskScape) or hazard
modelling comparing risk or
hazard performance before
and after option is in place.

Agent-based

For integrating climate-

Most useful for exploring how

Can be used as a tool in

modelling related physical hazard adaptive actions might be combination with robust
drivers and socio- sequentially triggered, in decision making (RDM) and
economic drivers under response to various climate systems mappingin a
dynamic conditions to change and socio-economic dynamic adaptive pathways
evaluate effectiveness and | scenarios. Spatially explicit and | planning (DAPP) approach.
viability of options or temporally dynamic. Inputs can
actions (Allison et al, be quantitative and qualitative.
2023).

Real options Project-based analysis. Most useful for: large Economic analysis of major

analysis Large irreversible capital irreversible capital decisions; investment decisions,

investment, particularly
where there is an existing
adaptation deficit.
Comparing flexible versus
non-flexible options.

climate risk probabilities known
or good information. Good
quality data exists for major
cost-benefit components.

notably major flood
defences, water storage.
Potential for justifying
flexibility within major
projects.

Robust decision
making
(MORDMS3)

Project and strategy
analysis. Conditions of
high uncertainty. Near-
term investment with long
lifetimes (eg,
infrastructure).

MORDM for designing
adaptive plans

Most useful for high uncertainty
in rate and magnitude of climate
change signal. Mix of
quantitative and qualitative
information. Non-monetary
areas (eg, ecosystems, health).
For exploring the policy design
space.

Identifying low- and no-
regret options. Testing near-
term options or strategies
across number of futures or
projections (robustness).
Comparing technical and
non-technical options. Can
be used with DAPP.

Exploratory
modelling

Computational scenario
modelling to explore the
characteristics of complex
systems.

Uses simple models of complex
systems where there are
irreducible uncertainties.
Requires moderation by experts.

For fast computation to
understand the impacts of
uncertain futures. Can be
applied to a specific
infrastructure level or for a
larger system.

Portfolio analysis

Analysing combinations of
options, including
potential for project and
strategy formulation.

Most useful for several
adaptation actions likely to be
complementary in reducing
climate risks. Climate risk
possibilities known or good
information.

Project-based analysis for
combinations for future
scenarios. Designing
portfolio mixes as part of
iterative pathways.

Source: Adapted from Watkiss et al (2015); Kwakkel and Haasnoot (2019)

85 Many Objective RDM.
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Step 6: Evaluate options and pathways

For valuing options, multi-criteria analysis (MCA) is commonly used in Aotearoa New Zealand.
It is more subjective than other tools and requires clear criteria and systematic application to
reduce bias. It is powerful as a tool to use collaboratively with communities and stakeholders
because it is transparent, understandable, and allows community-specific values and interests
to directly inform decision outcomes integrated with council statutory objectives. Using MCA
with other approaches, such as real options analysis, can help validate results (Lawrence et al,
2019; Stroombergen and Lawrence, 2022). For example, real options analysis can be used

to check the robustness of MCA results and to compare the incremental investment cost
differences between the various flexible pathways. This enables meaningful comparisons

of value for money to be made. Using robust decision making and agent-based modelling with
the DAPP approach (Allison et al, 2023) enables exploration of how adaptive actions might be
sequentially triggered, in response to various climate change and socio-economic scenarios.

6.2 Evaluate options and pathways

Assess and evaluate the effectiveness of the agreed options and actions. This addresses any
side effects and shortfalls that thwart the outcomes, and it tests for their effectiveness in
reducing risk, under what conditions, and their viability (lifetime). Use the most appropriate
evaluation tools (section 6.1).

6.2.1 Effect of the adaptation response

An adaptation response cannot mitigate all hazards or risk in place or over time. Human
responses to climate change affect exposure and vulnerability which varies and changes over
time. Depending on the local conditions, such as compounding and cascading effects, a greater
or lesser residual risk will remain. In addition, an option applied in one location can cause side
effects elsewhere and these can have a lasting effect on coastal shorelines and communities.
Such effects need to be considered when evaluating the options and pathways.

The following questions can be used when evaluating the effect of changing coastal risk on the
options and pathways identified in step 5.

e What are the first impacts in coastal areas because of climate change and RSLR and how
do the risks evolve over time?

e Under what conditions will current strategies become ineffective in meeting objectives?
¢ When will alternative strategies be needed given that implementation has a lead time?
e What alternative decision pathways can be taken to achieve the same objectives?

e How robust are the options over a range of climate futures?

e Can options and pathways be changed with minimum disruption and cost?

¢ Do the options and pathways have side effects beyond the area of concern?

6.2.2 Stress-testing options and pathways

Stress-testing is used to anticipate the potential impact of surprises and unknowns, especially
elements of place-based risks with high uncertainty from compound and cascading impacts
(Logan et al, 2023). By increasingly stressing a system (option or pathway), it is possible to
determine its breaking point and better understand how and why the system or design may
fail (Lempert, 2019).
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Previously in step 2 and step 4, it was recommended a range of RSLR increments and climate
scenarios in hazard and risk assessments and mapping were worked with to cover the range of
conditions for identifying and developing options and pathways. Now, preferred actions and
options under that range of conditions will be stress-tested, and their effectiveness and
viability will be determined. For example, in a Tauranga pilot study, Allison et al (2023), the
timing of actions within each pathway was found to be dictated mainly by the rate of RSLR and
the timing and severity of storm and flood events.

Stress-testing should use a variety of scenarios, including those with significant cascading
impacts. An example is more frequent coastal flooding causing local damage, which may also
affect road access by regularly isolating an otherwise unaffected community elsewhere (Logan
et al, 2023). The complexity of the system interactions and cascading impacts (eg, figure 16)
will affect how the testing is done.

Examples, where stress-testing, as described above, has been used in Aotearoa include the
following.

e Allison et al (2023) piloted an agent-based modelling approach in Tauranga. The limits for
soft and hard protection were around 0.3 metre RSLR, infrastructure upgrades and policy
mechanisms performed between 0.40 metre and 0.75 metre RSLR, after which active
retreat was the only viable adaptation pathway.

e Beya and Asmat (2021) developed detailed hazard models to design, cost and evaluate
coastal adaptation options to meet risk thresholds within the DAPP strategies for each
coastal cell in the Hawke’s Bay Tangoio to Clifton Coastal Hazards Strategy 2120.

e Kool (2020) used stress-testing for comparing different spatial pathways for stormwater
and wastewater in the coastal zone of Petone, Wellington.

e Bell et al (2022) and Allis and Bell (2019) used both H+ and SLR increments when
considering compound stream and coastal flood levels for a causeway on Auckland’s
north-western motorway, and for the Petone to Ngauranga cycleway and resilience project
in Wellington, respectively.

Recommended Choose the appropriate evaluation tools to assess
key tasks to options and pathways.

complete before
moving to Step - Evaluate adaptation options and pathways.

Stress-test the pathways chosen.
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Part D: How can we implement
the strategy?

Step 7: Develop the adaptive
planning strategy

The adaptive planning strategy (step 7) for the coastal area of concern comprises the initial
actions and alternative pathways that have been developed in step 6. It also includes the
underlying supporting actions necessary for implementing the preferred adaptive actions and
pathways (eg, Implementing the plan — step 8, and setting up the monitoring regime within
councils — step 9). Setting up signals and triggers is a critical step in implementing the strategy,
because an essential element of the dynamic adaptive pathways planning (DAPP) approach is
monitoring progress to the next switch in the pathway or other option.

This section outlines how to design effective coastal signals (warnings) and triggers (decision
points) for the adaptive planning strategy (see figure 22) that can be implemented and
monitored for review of signals and triggers for changing course before objectives fail to be
met (threshold). At this step, engage with the relevant communities in developing meaningful
signals and triggers that can be implemented and that align with community and council
objectives identified at step 3.
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7.1 Identify signals

Implementation of the adaptive planning strategy requires signals and triggers for monitoring
its effectiveness in reaching objectives. To monitor the plan as conditions change over time,

a method is needed to measure when an option or pathway cannot meet its objectives and
should be adjusted. This method should ensure sufficient warning of change to enable actions
to be taken. This requires an advanced signal or warning to avoid an adaptation threshold
being reached and being unprepared, and decisions being made that are maladaptive without
recourse to an adaptive planning strategy to guide decision-making. However, unexpected or
surprise situations can occur, so it is worth noting that setting a signal is not a guarantee that
an adaptation threshold will be avoided.

Figure 22 shows how the performance of adaptation actions decreases over time as conditions
change and how signals and triggers are located with sufficient lead time for implementation
before the adaptation threshold is reached. Signals and triggers thus help decision-making
about whether and when to change pathways.

Examples in the coastal context could be indicators of increasing coastal hazard and sea-level
rise impacts on a drainage or stormwater system or an existing seawall; frequency of coastal
flooding or erosion; or social or cultural indicators of value to communities; or combinations
that provide more robust validation of the change being signalled.

Figure 22:  Signals and triggers linked to the adaptation threshold
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Note: Reduction of service level over time, illustrating an adaptation threshold, signals and triggers. Concept of
using monitored indicators, set up as defensible signals (triangle) and triggers (square) to awaken and prompt
implementation of the next pathway option or action. In this example, option A requires a longer lead time than
options C and D to implement. Only two future pathways are shown here for clarity, focusing the graphic on the
bold blue line as an example. A, C and D refer to generic pathways, with different lead times, from figure 21.

Source: MfE (2017) as adapted from graphic by Marjolijn Haasnoot, Deltares and the University of Utrecht, the
Netherlands.

Signals will form part of the monitoring system to warn of impending change that may be
heading to a trigger or decision point on whether the objectives are still being met. Signals that
appear early in the ‘impacts chain’ are preferable because they give more time to prepare for

114 Coastal hazards and climate change guidance



Step 7: Develop the adaptive planning strategy

decisions to be made at the trigger point. However, they may be less visible, and information
can be less ‘convincing’ for decision-makers (Kwakkel et al, 2016), unless there are several
different signals to validate their significance.

Warnings traditionally operate close to an imminent threat, for example, a heavy rainfall or
coastal storm alert. Such warnings are problematic for climate effects because they do not give
the lead time needed for considered analysis of the change. They also depend on extreme
events, which obscure the change, and the signal can be missed because of natural variability.
Useful signals are those that are visible above the ‘noise’, can be tracked easily, are relevant to
the hazard and local coastal conditions, and are transparent.

7.2 Design and set triggers

7.2.1 Designing effective triggers

Triggers denote decision points ahead of an adaptation threshold when a review and decisions
are made as to whether to change options or pathways. Triggers should be designed to be:

¢ relevant — they signify changes in coastal risk and are meaningful to councils and
communities

¢ measurable — they can be measured or described, recognised and monitored

e timely —they can be applied with enough lead time for adaptation

¢ reliable — they can be replicated

e convincing — they enable decision-makers to agree on adaptation actions (Kavale, 2022)

e pragmatic — data is available or can be readily collected and analysed in an affordable and

repeatable manner.

Triggers need to be designed with enough lead time to define the conditions under which the
current option or pathway will no longer meet the DAPP objectives at the adaptation
threshold. This will enable the adaptive planning strategy to operate over long timeframes and
to address uncertainty about the future, making it a dynamic approach.

Triggers need to be cognisant of the next likely action in the pathway, because different
actions require different lead times. The commencement of a beach nourishment programme,
for example, will have a much shorter lead time to initiate than a managed retreat response or
a significant physical structure.

It is more robust to have several types of triggers, because they can validate the change that is
occurring. Table 16 describes a range of signals and triggers that could be used, based on
coastal flooding and groundwater ponding.
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Table 16: Examples of indicators for different types of signals and triggers for coastal hazards
and climate change

Type of signal or trigger Description

Coastal flooding Relative sea-level rise height threshold reached

Frequency or number of coastal flooding events reaching nuisance levels

Coastal erosion Coastal erosion causing the dune-line to reach a certain distance from a house

Groundwater rise Salinisation of coastal ground water

Increase in time of standing water in low-lying coastal areas

Social-psychological Measure of concern, anxiety, tolerance (eg, increased communications with the
council about concerns, people start moving out of a community, increased
demand for protection)

Financial and economic Maintenance costs exceed an amount per year
Insurance premium excesses increase, or insurance retreat for a community

Higher cost of maintaining groundwater or stormwater pumping systems

Cultural Inundation begins or occurs regularly around taonga or culturally significant sites
(eg, urupd)
Environmental Percentage loss of wetlands or bird numbers

Rising salinity in groundwater systems

Governance and Lower level of service (eg, flood control, wastewater, water supply)
institutional More frequent clearance of stormwater drains due to relative sea-level rise

Managed retreat strategy begins to be developed

Central government roading support withdrawn

Source: Adapted from Lawrence et al (2020b)

7.2.2 Setting triggers before the threshold is reached

The examples of triggers in table 16 all imply that a level of damage or declining level of service
will have occurred before adaptation starts. This reflects current experience of climate-driven
impact. However, the severity of the impacts at the coast are progressive, ongoing, and RSLR
will become the dominant impact as time advances. This means the triggers in table 16 will
have a lifetime for their relevance and will need to be reviewed and redesigned before
thresholds are reached.

Triggers should be designed to include a buffer that gives lead time to change the option or
pathway before the threshold is reached. For infrastructure projects (eg, stormwater, water
supply, sewage, re-routing roads and electrical utilities) that have long implementation lead
times, thresholds should be anticipated by using earlier triggers, to make sure the community,
local authorities and government have time to adjust in the least disruptive manner possible.

Recommended Design effective signals and triggers (decision points)
key tasks to for adaptation planning.
complete before

. Ensure signals and triggers are early enough in the
moving to Step 8 8 58 Y s

planning process to enable changes to occur (before
damage is incurred when possible).
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Step 8: Implement the adaptive
planning strategy

This section outlines how to implement the adaptive planning strategy, including the
supporting actions necessary to implement the preferred adaptive actions and pathways. This
involves using Resource Management Act 1991 (RMA) planning measures (to avoid or reduce
(where appropriate) exposure to coastal hazards and risk), items for integration into the Long-
Term Plan for scheduling and funding purposes and how adaptation will be funded.

At this step, engage with the relevant agencies and communities, and address potential new
areas of development through RMA planning and non-statutory measures, to avoid or reduce
any new exposure to coastal hazard and risk.

@ What is happening?

Set the A
SSess
context and 5

renare sea-level rise

prep and coastal %

hazards
& Review %
15 and adjust 1 2 Establish &
I3 values and %:}
& 10 . objectives S,
§ Community 3 ué,
.T? / engagement \ o
Monitor D
{\é} Drivers of change 4 Assess

New climate information; \/ulnerability

signals and triggers; and risk
social, cultural and
economic change
7 6 Identify
< options and
% Develop s
the adaptive pathways @
4, plannlng alUat A
0,;)) strategy with Et\flmlc | OS‘\
2 signals and AplIons s o
/7;6/7 triggers pathways @zb
{[' Gs(, a‘(:a(\
fate, W
8y?

O/>

Part D: How can we implement the strategy? 117



8.1 Measures and processes for implementing
the adaptive planning strategy

Managing ongoing change and uncertainty in different decision-making contexts requires

both statutory and non-statutory measures and processes. These are needed across several
areas of council operations, such as asset management, RMA policy or consents, building
consents, and at different governance levels. Although, communities and property owners
value certainty they also expect the hazards and risks to be managed through council planning.

Current planning relies on static representations of the future in space and time (eg, the use of
one scenario, a hazard zone or a line on a map, or a fixed seawall). These static representations
can be difficult to adjust readily to the progressive and ongoing coastal hazards. This can result
in lock-in of development and maladaptation. Such static measures may instil a false sense of
security, where, once protected, a community will expect that protection will continue to be
provided as the coastal hazards worsen and the relative sea-level rise (RSLR) advances. This
will require increasing and ongoing investment as exposure to risk increases over time. This
raises issues around the type of adaptation options being implemented (figure 5) and who
pays for them. Councils and communities alike need to understand these limitations of static
measures when implementing coastal adaptation actions in the dynamic coastal environment.

Coastal adaptation actions may need to be prioritised in some locations over others, especially
where resources are constrained. When doing so, the principles underlying dynamic adaptive
pathways planning (step 5 and box 11) should be applied to avoid lock-in of investments and
to guide decisions that lead to both short- and long-term benefits. Otherwise, the damage
costs of the ongoing and rising risk at the coast are likely to increase and may be transferred
to future generations and those least able to pay or afford insurance. The approach to
prioritisation of adaptation actions will need to be developed and applied in a fair way across
responsibilities (eg, local government services).
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8.1.1 Planning framework

Figure 23 shows the planning framework that enables hazard and risk reduction.

Figure 23:  Coastal hazard management under Resource Management Act 1991 policy and plans

Management of significant risks from natural

Resource Management hazards must be recognised and provided for.

Act 1991 (RMA) Particular regard must be had to
the effects of climate change.

Sets out objectives and policies for managing
New Zealand Coastal Policy natural coastal hazards and climate change.

Statement 2010 (NZCPS) Must be given effect to in the RPS,
and in regional and district plans.

Identifies issues, objectives, policies and
methods. Specifies whether region or district is
Regional policy statement responsible for land use to avoid or mitigate

(RPS) natural hazards (s 62 RMA).

Appropriate level for risk screening and
identification of ‘no development’ coastal areas.
In accordance with objectives and policies,
the approach must be given effect to in
regional and district plans.

mmmmm—mmmemmmmmmmm -

Mandatory plan that states objectives,
policies and rules (and may state methods)

Regional coastal plan to achieve the purpose of the RMA.
(May be part of a regional plan )
to promote integrated Depending on how the RPS has allocated

management across mean natural hazard responsibilities, may contain
high water springs [MHWS]) rules managing use and development across the

MHWS into identified hazard areas on land.

Regional plans optional
g P P May identify coastal hazard areas and

contain policy, rules and methods of
management in such areas.

States objectives, policies and rules (and may
state methods) to carry out functions and
achieve the purposes of the RMA.

District plans

Depending on how the RPS has allocated
natural hazard responsibilities, may contain
rules managing use and development in
identified hazard areas in the district, including
coastal hazard areas, and contain policy, rules
and methods of management.

Use of zoning, overlays and other techniques to
manage land use.
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To help local government agencies carry out their statutory functions, and to involve the
community in informal ways, local government now undertakes planning outside the RMA
framework. Some are statutory requirements, such as Long-Term Plans under s93 of the
Local Government Act 2002, while others are less formal and contribute to statutory plans
and integrated management of natural and physical resources (eg, coastal hazard plans).
Non-statutory plans are usually where community aspirations are best identified and
developed. Any elements of the non-statutory plans, however, will need to be carried
through into a statutory framework to be effective or enforceable.

The wider community’s objectives for hazard and risk management will be set at a regional
level. The regional policy statement will likely include the regional representation of the
response to national level policy and the allocation of hazard management responsibilities
between the regional and district councils (s62 of the RMA). The regional policy statement may
identify exclusion areas for new urban development and areas unsuitable for growth and
intensification. The identification of these areas may occur through growth planning exercises
at a district and regional level, such as those presently required for larger urban councils to
provide ‘sufficient development capacity’ for housing and business land through a Future
Development Strategy under the National Policy Statement on Urban Development 2020 —
subject to qualifying matters.8®

Given that a coastal hazards management policy in a regional plan must give effect to the
New Zealand Coastal Policy Statement 2010 (NZCPS, DOC, 2010) over a timeframe of at least
100 years, the adaptive pathways process will need to be embedded in the statutory planning
framework in a way that provides sufficient certainty over that time horizon. A statutory plan
under the RMA therefore needs to contain sufficient information about the adaptation
planning strategy, including a description of the issue, an outline of the process and
engagement that led to the specific provisions, and the policy provisions that underpin the
approach taken. Foreshadowing a potential future shift to an alternative DAPP pathway could
also be included, which is consistent with the NZCPS precautionary approach.

Examples of regional plans that embed an adaptation pathways process.

1) The Proposed Marlborough Environment Plan. See case study A.7 in appendix A of this
guidance.

2) Whakatane District Council has a Coastal Hazard Erosion Policy Area (CHEPA) in its plan
based on the 2100 assessed erosion area (plus a buffer) comprising three zones: the
Current Erosion Risk Zone (CERZ), the 2060 Erosion Risk Zone (2060 ERZ) and the 2100
Erosion Risk Zone (2100 ERZ). There is targeted policy and increased limitations on use
and development across the three zones. For example, within the CHEPA, existing
buildings can be maintained but new buildings and other structures face increasing
consent difficulty, depending on the zone. Easier consenting paths are provided for new
dwellings if an alternative building site for future relocation is provided. Such sites must
be held available (within the same legal ownership title) for eventual building relocation.
Relocation is triggered when the line of mean high water springs is at 20 metres from the
closest point of the building.

Given the 10-year plan review requirement for district plans, regional plans and regional
policy statements, it is likely that, if a transition to a new pathway involves policy adjustment,
plan changes, or new rules, it would be subject to formal evaluation through the normal RMA

8 Covers a matter of national importance under section 6 of the Resource Management Act 1991 or a
matter in order to give effect to any other national policy statement, including the New Zealand Coastal
Policy Statement (section 3.32 National Policy Statement for Urban Development).
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plan review process or a plan change. However, if triggers are reached earlier, the adaptive
planning strategy could indicate that possibility and recommend how the shift to another
option or pathway may occur (eg, by a plan change, activity land-use classes, or limited
consents). In cases where the signal, trigger and threshold are surpassed, having an adaptive
planning strategy makes it easier to evaluate the objectives and move to the next pathway.
Where an adaptive planning strategy has not been prepared, taking a long-term view

of responses will be essential to avoid maladaptive actions, including intensification in
coastal areas.

Details of the adaptive planning strategy may be incorporated in a district or regional
plan through an appendix or schedule. It can provide context and guidance for planners
and decision-makers and be reviewed during normal plan reviews or when the triggers
are reached.

The types of planning that can be used to manage coastal hazards and risk include:
e spatial planning and growth planning

e regional strategies (eg, natural hazard strategies, regional policy statements, coastal or
natural hazard policies)

e regional plans (regional coastal environmental plan or the coastal or natural hazards
section of a regional plan)

e district plans

e precinct, area or structure plans

e special purpose area plans

e future development strategy (National Policy Statement on Urban Development)
e asset management planning

e ‘community futures’ or ‘community vision’ planning

e collaborative planning

e reserves management planning.

Guiding practice: A regional approach to dynamic adaptive pathways planning
for coastal hazards

The regional strategic approach to coastal hazards and risk management is to reduce risk by
protecting inappropriate development (DOC, 2010, 2017). This includes a structured approach
that avoids increasing the risk of social, environmental and economic harm over at least

the next 100 years.

The regional policy statement (RPS) is the appropriate level to set out the objectives, policies
and methods to apply at the regional level, identify areas where new greenfield urban
development should not be allowed and implement policy to prevent development in

such areas.

A combined strategic approach among territorial authorities may be needed to achieve
RPS objectives.

Unless the RPS specifies otherwise, the default provision for control of the use of land to avoid
or mitigate natural hazards lies with regional councils under the Resource Management Act
1991, section 62(2).

Part D: How can we implement the strategy? 121



8.1.2 Choosing planning methods and techniques

Community engagement principles and approaches, and practice methods: Coastal hazards
and climate change guidance — Supplement B (also see table 25 and table 26 of the 2017
Coastal hazards and climate change: Guidance for local government, MfE, 2017) sets out the
planning methods and techniques that can be used in the lead up to and in statutory planning.
These methods are all directed at managing development through enforceable processes or
through education, monitoring and active management of coastal risk. Both appendix A case
studies and appendix B case law provide further examples on how different planning methods
and techniques can be used. These will depend on the situation, the scale of the area and its
current development, the objectives and policies, and the community’s input.

The NZCPS states objectives and policies to achieve the purpose of the RMA in relation to
New Zealand’s coastal environment (s56 of the RMA). A purpose of the RMA is to promote
sustainable management by avoiding, remedying or mitigating adverse effects of activities on
the environment (s5(2)(c)). Figure 24 shows how the NZCPS provides the decision context for
coastal areas exposed to coastal hazards and climate change in relation to the type of
development being considered under the RMA.

Figure 24:  Broad New Zealand Coastal Policy Statement 2010 decision context for coastal areas
exposed to coastal hazards and climate change
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Note: The terminology refers to section 5(2)(c) of the Resource Management Act 1991 to promote sustainable
management by, among other things, avoiding, remedying or mitigating adverse effects of activities on the
environment.

Source: MfE, 2017

Councils will need to make decisions about the effectiveness and long-term future of

existing hard protection structures and similar engineering interventions, which are generally
discouraged®” (Policy 25 and Policy 27 of the NZCPS, DOC, 2010). If appropriate, councils will
also have to decide at what stage these structures will need further investment or
abandonment (consistent with Policy 25 and Policy 27 of the NZCPS, DOC, 2010). If they are
abandoned or removed, planning for a new, restored and more dynamic coastal margin should
be foreshadowed and enabled. Box 13 provides guidance on planning approaches to avoid or,
where appropriate, reduce greater exposure to coastal hazards and risk.

87 NzCPS Policy 27(1)(c) recognises hard protection may be the only practical means to protect existing
infrastructure of regional or national significance (DOC, 2010).
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BOX 13: PLANNING APPROACHES TO AVOID (OR REDUCE WHERE APPROPRIATE)

GREATER EXPOSURE TO COASTAL HAZARDS AND RISK

1. Down-zoning® can prevent intensification or exclude areas from further development or
redevelopment (Policy 25, NZCPS, DOC, 2010).

2. Create rules to discourage or limit specified activities in identified hazard areas, using the
full range of Resource Management Act 1991 activity classifications, including prohibited
activities. When used in association with hazard lines, zoning or overlays, this can ensure
that development occurs only in accordance with a consenting process and subject to
conditions, or it may prohibit further development entirely. For example, ‘restricted’ or
‘full discretionary’ activity status is an opportunity for a consent authority to set controls
through conditions on building location or design in specified zones or certain sites, or to
decline consent. ‘Prohibited” activity status means that no consent can be sought for
specified activities in the identified locations. The district plan must specify the discretions
and prohibitions.

3. Land filling and raising floor levels at the coast are temporary adaptation measures and
can be prohibited in specified locations to avoid further development that will create
legacy effects as the sea level rises.

4. Other methods and techniques that can be used in statutory planning to manage coastal
hazards and risk include:

— designation of coastal protection or buffer areas, which may be used to provide for
infrastructure

—  no subdivision areas
— temporary development or land-use consents
—  covenants, easements and consent notices

—  specifying types of construction and building design and use (eg, relocatable
buildings)

— land information memoranda (LIM) or project information memoranda (PIM)
- bonds
— land purchase

—  special rating areas for funding capital and maintenance of coastal protection,
applied under the Local Government Act 2002, could be used to fund capital or
maintenance of coastal protection. The areas to which a special rate is applied, and
the rate itself, need to be justified on the basis of benefit obtained from the council
activity

— grants and information support.

Source: Adapted from Lawrence et al (2021b).

8 ‘Down-zoning’ here means to reduce or limit development or the number of buildings permitted in

an area.
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8.2 Funding the implementation of an
adaptive planning strategy

The adjustments required to adapt to climate change are unprecedented and ongoing. They
will have significant implications for who pays, what is funded, and the funding methods
used. The scope and scale of activities that require funding for addressing coastal hazards
and climate change will continue to increase. These include the planning, design and
implementation and maintenance of adaptation actions, complementary land-use planning,
relocation and clean-up activities, setting up a monitoring system, monitoring the
effectiveness of the adaptation actions, and all associated council and agency administration.

Current funding instruments are variable and constrained in what they cover. They include
reactive funding, such as the Disaster Fund administered by EQC (or Toka Ti Ake — Natural
Hazards Commission from July 2024), and proactive funding, such as through council Long-
Term Plans, general and targeted rates and levies, 30-year infrastructure strategies, and asset
plans. Currently, reactive damage costs and the costs of proactive adaptive planning, and its
implementation, lie across national agencies, local government, infrastructure and utilities
agencies, individuals, the private sector, iwi/hapl Maori and communities, and are determined
on the basis of statutory mandates, need and benefit.

Costs for councils include:

e adaptation planning and engagement

¢ implementing coastal adaptation measures

* monitoring adaptive plans, signals and triggers

e clean-up costs of council assets after extreme events

e potential retreat of council assets from affected land

e delivery of council services.

Costs for communities include:

e immediate damage and adjustment

e ongoing health and wellbeing impacts

* retreat in some locations

¢ loss of place and culture

¢ increased property rates to fund adaptation measures.

In coastal areas, as ongoing RSLR progresses, funding is also needed to cover climate change
impacts (MfE, 2022a). When planning under uncertain and increasing risk conditions at the

coast, consider the transfer of residual risk, legal liabilities and the funding consequences of
decisions.
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8.3 Insurance

The Natural Hazards Insurance Act 2023 (replaces the Earthquake Commission Act 1993 and
comes into effect 1 July 2024) aims to reduce the impact of natural hazards on people,
property and the community. Residential land® is insured by EQC (or Toka Tu Ake — Natural
Hazards Commission from July 2024). However, this does not cover incremental loss, such as
that created by RSLR or king-tide flooding or related ground water rise, but only damage from
the direct result of a natural hazard, for example, a storm or coastal flood event.

For councils, insurance instruments are available that can cover their own liability and business
interruption, public assets, utilities and infrastructure.

Several types of risk funding are available to councils, such as council collectives (eg, Local
Authority Protection Programme Disaster Fund and RiskPool), captives (insurance company
owned by the insured), catastrophe bonds, risk swaps, contingent capital, contingent risk and
finite risk (Hall, 2022; LGNZ, 2016a). Although some are only triggered after damage occurs
and will not motivate risk avoidance and reduction through adaptation.

Recommended Develop a long-term implementation plan, including
key tasks to how adaptation will be financed.

complete before _ _ ,
Consider the role of risk transfer mechanisms, such as

moving to Step 9 insurance and risk pooling, for council assets.

Collaborate with other agencies in your region to create
a combined strategic approach to achieve your
objectives.

Identify areas where new greenfield urban
development should not be allowed and implement

policy to prevent such development.

Engage on response methods and techniques with
community, iwi/hapd and stakeholders.

8 See definition of ‘residential land’ in section 2 of the Earthquake Commission Act 1993 and section 16 of
the Natural Hazards Insurance Act 2023.
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Part E: How is it working?

Step 9: Monitor the adaptive
planning strategy
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9.1 Set up the monitoring framework

9.1.1 Rationale for the monitoring framework

Context

As the pace and scale of climate-driven changes at the coast increase, monitoring rates of
change above natural variability at a regional or local level will not clearly show the long-term
trends, nor changes in the frequency and intensity of extreme events. This is why proxies for
change like climate or relative sea-level rise (RSLR) projections or increments are used to
stress-test the actions and future options and pathways. This means robust decisions at coastal

locations can be made within the decision timeframes of the Resource Management Act 1991
and Local Government Act 2002.
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Step 9: Monitor the adaptive planning strategy

By developing a monitoring framework that is linked to the signals and triggers developed in
step 7 and implemented through the channels set out in various statutory and non-statutory
plans and measures (step 8 and appendix A), an adaptive planning strategy can be dynamic,
flexible, well embedded into ongoing community engagement, and regularly reviewed and
updated as climate-related conditions change.

The dynamic adaptive pathways planning (DAPP) approach inherently plans for the future in a
changing world, which will have identified conditions where the responses no longer meet
the objectives of the adaptive planning strategy (adaptation threshold). Before this point, at a
predefined trigger (see examples of indicators in table 16), reassessment of the responses will
be necessary to identify whether other actions or transfer to other pathways are required
(figure 21).

A monitoring framework is, therefore, essential for implementing the adaptive planning
strategy (step 7 and step 8) and linked to each coastal hazard related plan at the local level.

A sound information base, including monitoring information, is a fundamental requirement
to capture the pace of change (relative to an adaptation threshold) for ongoing planning for
adaptation to climate change. Monitoring of the adaptive planning strategy, and review of
new information on climate, sea-level rise, vertical land movement and global emissions, and
social, cultural and economic changes, will inform the adjustments to be made to decisions or
objectives. Regular monitoring contributes to an understanding of changing risks over time,
and it enables timely responses to anticipated levels of risk.

Councils are already engaged in monitoring activities:

e physical changes (eg, beach profiles and shoreline change, LiDAR surveys, sea and river
levels, rainfall and estuarine biodiversity)

¢ the effectiveness of policies, plans and non-statutory strategies.

The United Nations Environment Programme guidance on advancing effectiveness of climate
adaptation states that (UNEP, 2023, p 3):

Adaptation interventions need to be assessed for their potential effectiveness (ex-ante)
and measure actual effectiveness (ex-post) using a set of metrics identified based on
specific criteria. Monitoring and evaluation during implementation helps to ensure
climate risk reduction. [Emphasis added.]

Effective monitoring

Integrating existing monitoring systems with monitoring of adaptive planning strategies can
leverage synergies and increase the efficiencies among activities, better preparing councils and
agencies for the climate-driven changes. There may also be synergies between regional and
district council’s coastal management that are interdependent. It may be more efficient for
joint decision-making to take place.

The effectiveness of a monitoring system depends on three critical criteria: an organisation’s
ability to implement, sustainability and accountability (Kavale, 2022). Table 17 describes how
councils can meet these criteria.
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Table 17:

Effectiveness criteria

Ability to implement

The ability of councils to
integrate formalised
monitoring

Effective monitoring implementation

Barriers

Resource pressures

Uncertainty about how to integrate
with existing monitoring

No clear monitoring function

How to address the barriers

Risk and audit committees

Citizen science groups augment
council monitoring

Alignment with planning timeframes,
Long-Term Plans and activities

Sustainability

Monitoring continuously
over the long term

Staff turnover
Lack of long-term commitment

Competing activities and funding
priorities

Formalise in council processes
Embed responsibilities into planning
methods

Formalise in a council role, not a
person

Accountability

Those responsible for
acting on signals and
triggers are accountable

Different governance levels creating
complexity

Ambiguous responsibilities
Inadequate compliance systems

Delineate a primary authority for
monitoring

Create legal consequences

Create clear authority for signal and
trigger review and action in a publicly
visible way

Socialise monitoring with local
communities

Source: Adapted from Kavale (2022)

Constraints affecting monitoring regimes

Several constraints affect the ability to implement a monitoring regime. The prevailing
political settings, governance arrangements, statutory frameworks, economic conditions

and the availability of resources can all constrain or enable effective monitoring of change.
For example, a 10-year funding focus with three yearly Long-Term Plan reviews promotes a
short-term focus that can result in shifts in priorities that compete with the ongoing
monitoring regime. The 30-year local government infrastructure strategies take a longer view

on funding services, which may provide opportunities to fund monitoring of changes in service
levels and trends in maintenance and recovery costs. There is also a risk of bias towards short-
term monitoring investments for ‘protecting’ communities from coastal hazards and sea-level

rise, as opposed to reducing future risk. Building on existing monitoring systems is one way of

gaining efficiencies.

Monitoring systems that can be maintained over time within local contexts are fundamental
for coastal situations where sea level will continue rising for centuries. This makes long-term
tracking and assessment of changes in conditions essential to inform and review the ongoing
implementation of the adaptive planning strategy. Well-designed statutory frameworks and
consistent decision practices will facilitate ongoing monitoring and pathway choices contingent
on signals and triggers.

9.1.2 Establish the monitoring regime

Define the purpose of the monitoring regime

Start by clarifying the purpose of the monitoring regime. This determines the most appropriate
elements to use (Bell et al, 2002), such as the types of indicators that can be used to detect
change.
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Step 9: Monitor the adaptive planning strategy

Designing the regime to monitor signals and triggers is an iterative process, informed by
council engagement with the community, iwi/hapd and other stakeholders.

Clearly define the roles of those taking part in decisions or review at the trigger point. This
promotes transparency and equity among stakeholders. Engagement on signals and triggers
will have identified who holds data and resources that will be helpful in monitoring. This
could include indicators monitored by local citizens, such as king-tide photos, CoastSnap®
or iwi/hapl observations within their rohe (a tribal district).

Define the monitoring responsibilities

To enable sustainable, long-term and continuous monitoring, decide which agency or
individual in the organisation monitors the signals and triggers, how the organisation activates
the next steps, and who or what part of the organisation is accountable, for example, a senior
manager and risk committee, so decisions can be made with enough lead time before a
threshold is reached.

Guiding questions

¢ What new or revised statutory processes and council priorities are needed for monitoring
indicators and for setting and documenting signals and triggers?

e  Will the processes, monitoring and review require training or increased awareness at
various levels of decision-making?

e Have we assigned responsibilities for monitoring, so the indicators can be activated in a
timely manner?

e  Which agency or group in council should carry out monitoring, record the results and
analyse the data?

e Has aformal ‘institutional memory’ been set up so responsibility can be passed on as
personnel change over time?

e  Who or what partnership commits funding to the monitoring?

Establish the governance, management and reporting

Decide the governance arrangements for receiving the reporting for action. The composition of
the governing body should represent the functional interests for coastal hazards and climate
change and include mana whenua.

Decide who will manage, analyse, aggregate or synthesise the results of the monitoring of the
indicators. Also decide who will provide regular reporting with information and interpretation
to decision-makers, the community and other stakeholders. Comprehensive oversight of the
indicators at different scales can support the adaptive planning strategy at a range of locations
and situations including across regional and district jurisdictions where coastal hazards have
flow-on effects wider than one district.

% For example, Christchurch: https://ccc.govt.nz/environment/coast/adapting-to-coastal-hazards/community-
science-and-youth-involvement/coastsnap and Nelson: https://shape.nelson.govt.nz/coastsnap.
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Guiding questions

e  Who reviews the reporting on how the monitored indicators are tracking against the
signals and triggers?

e Who audits the reporting when signals and triggers are reached?

e« What resources are available to monitor indicators (including any longitudinal surveys)?

¢ How will the ongoing monitoring outcomes be communicated to the communities?

9.1.3 Formalise the monitoring regime

Embed the monitoring regime responsibilities, review and decision-
making processes into the organisation systems and processes

Formally embed the identified signals and triggers in the organisation’s monitoring system so it
embodies review, reporting, audits and decision-making. This will enable decision-makers to
remain informed of changes over time and to act in a transparent and timely way. This will
give long-term consistency to the monitoring of the signals and triggers and enable their
effectiveness and relevancy over time as they are adjusted to the changing climate-driven
impacts at the coast.

Set up any necessary formal partnership agreements with central government agencies,
regional councils and territorial local government when the monitoring regime is shared.
Do this to establish clear lines of accountability and who makes the final decision to shift to
the next option in the chosen adaptation pathway.

Formalised monitoring systems and processes will also be beneficial for accessible reporting to
communities, for example, via websites, to raise understanding of changes over time and how
they are being addressed. A good example of this approach is the Land, Air, Water Aotearoa
website for freshwater data (www.lawa.org.nz).

Guiding questions

. To what extent should we formalise the monitoring of signals and triggers?

. How can the monitoring system be formalised to ensure the monitoring regime is
sustained?

. Can dynamic adaptive pathways planning help us identify enablers and entry points for a
robust and flexible implementation pathway?

o How can the planning approach, and the decisions, persist?

o How can the monitoring regime be integrated into existing council practice? Are these
processes complementary, enduring and well supported?

° Can we use or extend any current indicators or monitoring regimes?

o Is there other guidance for implementing the adaptive planning strategy?

Box 14 explains how monitoring can be integrated into existing council practice. The use
of existing processes will create consistency and give decision-makers assurance in the
robustness of their decisions. Processes should be developed rigorously, considering
alternatives, based on sound information and community participation.
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Step 9: Monitor the adaptive planning strategy

BOX 14: INTEGRATING THE MONITORING SYSTEM INTO COUNCIL PROCESSES

AND SYSTEMS

Monitoring can be integrated into existing council practice through the following:

e non-statutory plans, such as spatial and strategic planning and growth strategies, natural
hazard management strategies, and community-based planning (community vision
statements and plans, collaborative planning and iwi management plans)

e Local Government Act 2002 statutory requirements, such as the Long-Term Plan and
annual plans (which can contain budgets for the implementation of monitoring),
infrastructure strategies and asset management plans (roads, parks and reserves,
stopbanks and other assets)

e statutory Resource Management Act 1991 policies and plans, including:
— regional policy statements, regional coastal plans, and regional and district plans,

which could include adaptive pathways with signals and triggers in objectives,
policies, rules and methods

— defined activity status (including prohibited) with signals, triggers and thresholds,
and special measures, such as scheduled areas and retreat lines

— deferred zoning and closed residential zoning attached to a trigger (eg, no increase
in floor site coverage and only minor alterations and non-inhabited buildings)

— consent conditions that enable specific evaluation and targeted outcomes (eg,
‘trigger’ conditions to require an adaptive response when a predetermined set
of circumstances is reached)

o other legislative responsibilities that provide opportunities to embed signals and triggers,
such as civil defence and emergency management group plans, reserves management
plans, and various provisions of the Local Government (Rating) Act 2002 (targeted rates
tied to funding impact), Soil Conservation and Rivers Control Act 1941, Public Works Act
1981, Local Government Official Information and Meetings Act 1987 (land information
memoranda) and the Building Act 2004, which includes the Building Code application
(project information memoranda)

e other relevant council processes including:
—  cross-council partnership processes

—  Te Tiriti o Waitangi, which gives government a responsibility to provide opportunities
for participation by Maori in decision-making and to facilitate participation by Maori

— leadership, education, information and communication with the public and
stakeholders

—  covenants and easements on consent notices on titles
—  bonds**

—  the purchase of council land for buffers, refuges and open-space areas as part of a
signal and trigger system

—  building on existing monitoring programmes

—  council staff key performance indicators (eg, for chief executive officers and chief
financial officers)

—  council risk framework (eg, signals and triggers formalised with the Liability and Risk
Audit Committee)

91 See Mahanga E Tu v Hawke’s Bay Regional Council and Wairoa District Council [2014] NZEnvC 248,
10 December 2014 — see table B.
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BOX 14: INTEGRATING THE MONITORING SYSTEM INTO COUNCIL PROCESSES

AND SYSTEMS

e  citizen science to monitor some signals and triggers, for example, CoastSnap, King Tide
initiatives

e longitudinal community surveys to monitor values, risk perceptions and sensitivity to
signals and triggers.

Source: Lawrence et al (2020b)

9.2 Involve communities in monitoring

Communities, iwi/hapd and other stakeholders, such as schools and businesses, can contribute
to monitoring (see Community engagement principles and approaches, and practice methods:
Coastal hazards and climate change guidance — Supplement B). The main benefit is a shared
understanding of rates of change, progress towards signal and trigger points, and changes in
trigger points. For example, a community may have decided in 2016 that coastal flooding of a
main road more than twice a year was a trigger point. The reality and cumulative disruption of
regular flooding, however, may shift this perspective so a different trigger point is needed.

Ideally, citizen monitoring is set up in collaboration with local government monitoring, and
information is shared and widely communicated. Establishing the monitoring regime may
benefit from expert input into its design and analysis of the monitoring outputs.

Planning along dynamic adaptive pathways should also provide for emerging research and
findings, new tools for managing hazards and risks, and community engagement at key
decision points.

Recommended Establish the purpose and responsibilities for
key tasks to monitoring, reporting and decision-making.

complete before

moving to Step 10 Formalise the monitoring regime and integrate it with

existing council practices.

Determine how to involve communities, iwi/hapa,
special interest groups and industry in monitoring.
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Step 10: Review and adjust the
adaptive planning strategy
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10.1 Review the dynamic adaptive pathways
planning objectives and actions

Councils should set up a process to activate a review when either a) a trigger or b) a time period,
such as 10 years, is reached. To assist monitoring and analysis, keep good documentation of
the processes used to derive pathways, triggers, and thresholds.

The review should examine the dynamic adaptive pathways planning (DAPP) objectives,
to determine whether they are still relevant, whether the pathway will still meet the
objectives, or whether a change in option or pathway is required. The purpose of the
review is to determine:

e the robustness of the signal and trigger activations

e the effectiveness of the existing action.

The review should be informed by the ability of the options to continue to meet the objectives.
It will be influenced by the prevailing political settings, governance arrangements, statutory
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frameworks and practices, societal and cultural perceptions, and economic and funding
conditions.

If the review shows that existing actions are not meeting the objectives, decide on an
alternative option or pathway.

The outcome of the review should be audited and reported to council, then to the community
and relevant stakeholders, before the decision is made to act.

Guiding questions

o Is a multi-disciplinary team with all the right expertise available to undertake the review
and redesign signals, triggers, and thresholds?

o How can we revisit the plan objectives when the operating conditions and enablers
(statutes or guidance) change?

o How can the dynamic adaptive pathways planning approach be adjusted when surprises
or disasters happen?

o What are the risks (including residual risks) if the signals and triggers fail to anticipate the
impending adaptation threshold soon enough?

o How do the combined changes in climate and non-climate indicators influence the
achievement of objectives going forward?

o What are the cumulative demands of adaptation implementation across the region?
Have funding sources and affordability changed?

o Do we need to reprioritise actions due to diminishing physical resources?

o Have either adaptive capacity or risk perceptions changed?

10.2 Adjust the dynamic adaptive pathways
planning objectives and actions

Once a trigger has been reached, a review has been conducted and a decision to change
has been made, assess whether other options or pathways in the plan could meet the
objectives and, if so, adjust the plan by changing to the new actions and redesigning the
signals and triggers.

These changes will alter, cease or expand the existing actions or services in response to
monitoring. They will also necessitate changes to the implementation plan and its funding,
which could extend over several years, and reappraisal of the lead time for implementation.
Consider the flow-on effects of actions for statutory plans, council budgets, cross-council
integration and other actions.

Once the changes are activated, revert either to step 3 (refine the adaptation plan objectives)
or step 5 (identify options and pathways) of the decision cycle.
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Glossary of abbreviations
and terms

Adaptation

Adaptation threshold

Adaptive capacity

Adaptive planning
strategy

Annual exceedance
probability (AEP)

AR5

A response strategy to anticipate and cope with impacts that
cannot be (or are not) avoided under different scenarios of climate
change (Denton et al, 2014).

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 (IPCC, 2014b, annex Il).

Adaptation can be categorised as either:

e jncremental — actions where the central aim is to maintain the
essence and integrity of a system or process at a given scale, or

e transformational — actions that changes the fundamental
attributes of a system in response to climate and its effects.

The threshold (derived value or performance measure) when
agreed objectives, community values, risk exposure, or levels of
service are no longer being met or start to fail, requiring an
alternative adaptation action or pathway to be in place before this
occurs. The threshold is not tied to a particular time, rather to a
condition —it will be a bracketed time window derived from the
scenarios used in the dynamic adaptive pathways planning
approach.

The ability of systems, institutions, humans and ecosystems to
adjust to potential damage, take advantage of opportunities, or
respond to consequences (ISO 14091:2021). See also IPCC 2022
Glossary.

For the purposes of this guidance, an adaptive planning strategy
encompasses the hazard assessments, the values and objectives and
the vulnerability and risk assessments that feed into the dynamic
adaptive pathways planning approach, and the measures to
implement them through the Resource Management Act 1991,
Long-Term Plans, asset plans and other council plans, along with the
monitoring framework for review and adjustment.

The chance that an event would reach or exceed a given
magnitude in any year, expressed as a percentage or decimal (see
Climate change, sea-level rise and coastal hazards science: Coastal
hazards and climate change guidance — Supplement A).

IPCC Fifth Assessment Report — covering three working group
reports and a synthesis report (the previous assessment report in
2007 was the AR4).
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AR6
CCRA

Climate

Climate change

Climate hazards

Climate projection

Climate risk

Coastal environment

Coastal hazard

Coastal marine area
(CMA)

IPCC Sixth Assessment Report.
Climate Change Response Act 2002.

In a narrow sense, the average weather. More rigorously, the
statistical description in terms of the mean and variability of
relevant quantities over a period of time, ranging from months to
thousands of years. The normal period for averaging climate
variables is 30 years (World Meteorological Organization, 2007).

A change in the state of the climate that can be identified (eg,
through statistical tests) by changes or trends in the mean and/or
the variability of its properties, and that persists for an extended
period, typically decades to centuries. Includes natural internal
climate processes or external climate forcings such as variations in
solar cycles, volcanic eruptions, and persistent anthropogenic
changes in the composition of the atmosphere or in land use
(adapted from IPCC 2013, annex llI).

Climate hazards propagate as climate-driven events or progressive
and ongoing trends that cause damage and loss to human and
natural systems.

The simulated response of the climate system to a scenario of
future emission or concentration of greenhouse gases and
aerosols, generally derived from climate models distinguished from
climate predictions by their dependence on the emission—
concentration—radiative—forcing scenario used, which is in turn
based on narrative with assumptions, for example, future socio-
economic, technological developments or land-use change that
may or may not be realised (adapted from IPCC, 2013, annex lll).

Refer to ‘risk’.

See Policy 1 of the New Zealand Coastal Policy Statement 2010
(DOC, 2010) as to what the coastal environment includes. Includes
not only the coastal marine area but also terrestrial environments
where they are inter-related with the coastal marine system, and
areas at risk from coastal hazards (including climate change).

Subset of natural hazards and include tidal or coastal storm
inundation, rising sea level, tsunami or meteorological tsunami
inundation, coastal erosion (shorelines or cliffs), rise in
groundwater levels from storm tides and sea-level rise (plus
associated liquefaction), and salinisation of surface fresh waters
and groundwater aquifers.

The foreshore, sea bed and coastal water, and the air space above
the water. Seaward boundary is the outer limits of the territorial
sea. Landward boundary is the line of mean high water springs or
some distance up tidal rivers. Full definition in Resource
Management Act 1991, section 2.
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Committed SLR

Community

Consequences

Deep uncertainty

District plan

DOC

Dynamic adaptive
pathways planning
(DAPP)

ENSO

Event

Exceedance

Exposure

FDS

Foreshore

Ongoing ocean heat uptake and the slow adjustment of the ice
sheets that will continue over the centuries and millennia following
cessation of emissions.

People who live in, or are connected with, a particular location.

The outcome of an event that may result from a hazard. May be
expressed quantitatively (eg, monetary value, disruption period,
environmental effect), by category (eg, high, medium, low) or
descriptively (National Emergency Management Agency, pers.
comm.).

Uncertainty where what is known is only that we do not know or
cannot agree upon amongst experts or is contested by
stakeholders with no consensus on what the future might bring.
Requires robust decision-making methods and tools to support
decisions and policy analysis (Walker et al, 2013).

Plan that must be prepared by a city or district council to help
them carry out their functions under the Resource Management
Act 1991. All persons and bodies have to adhere to the plan.

Department of Conservation.

A decision-making approach to analyse the flexibility of options
and pathways under conditions of deep uncertainty using
scenarios for stress testing options and monitoring of signals and
triggers for anticipatory planning. The same as dynamic adaptive
policy pathways adopted by Haasnoot et al 2013.

El Nifio—Southern Oscillation climate mode that occurs over a two-
to five-year cycle, mainly in the Pacific and has an influence on
mean sea level at interannual timescales.

Occurrence or change of a particular set of circumstances. Can be
one or more occurrences and can have several causes (AS/NZS ISO
31000:2009 Risk management standard).

Extreme hazard event that exceeds a specified extreme level or
magnitude in a given planning timeframe.

Being present in a place or setting that could be adversely affected.
Those that could be harmed in that environment include people;
livelihoods; species or ecosystems; environmental functions,
services and resources; infrastructure; buildings and economic,
social or cultural assets.

Future Development Strategy.

Any land covered and uncovered by the flow and ebb of the tide at
mean spring tides and, in relation to any such land that forms part
of the bed of a river, does not include any area that is not part of
the coastal marine area.
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Freeboard

Frequency

Groundwater rise

IPCC

IPO

Iwi and hap

Land

Land information
memorandum (LIM)

LGA
LGNZ

Light Detection and
Ranging (LiDAR)

Likelihood

Maladaptive actions
(Maladaptation)

MCA

The NZS 4404:2010 defines freeboard as “...a provision for flood
level design estimate imprecision, construction tolerances, and
natural phenomena (such as waves, debris, aggradations, channel
transition, and bend effects) not explicitly included in the
calculations” (p 25).

The number or rate of occurrences of hazard events, usually for a
given time period (National Emergency Management Agency, pers.
comm.).

The movement upward of the water table due to short or long-
term fluctuations in rainfall recharge and/or river, ocean or tidal
levels.

Intergovernmental Panel on Climate Change, a scientific and
intergovernmental body under the auspices of the United Nations.

Inter-decadal Pacific Oscillation. A longer term ENSO-like mode
that occurs over a 20- to 30-year cycle, mainly in the Pacific. The
IPO switched to the negative phase around 1999.

Tribe, large group descended from a common ancestor. Kinship
group, clan, subtribe.

Includes land covered by water and the air space above land.

Information about a land parcel under the Local Government
Official Information and Meetings Act 1987 and available on
request from territorial local authorities.

Local Government Act 2002 (and amendments).
Local Government New Zealand (www.lgnz.co.nz).

A laser scanning system usually mounted on an aircraft to measure
surface elevations with height accuracies down to 0.1 metres.

The probability or chance of a hazard or event occurring. Usually
described quantitatively as a ratio (eg, 1 in 10), percentage (eg,
10 per cent) or value between 0 and 1 (eg, 0.1), or qualitatively
using defined and agreed terms, such as unlikely, virtually certain,
about as likely as not.

Actions that may lead to increased risk of adverse climate-related
outcomes, including via increased GHG emissions, increased
vulnerability to climate change, or diminished welfare, now or in
the future. It is usually an unintended consequence.

Multi-criteria analysis. Analysis technique for evaluating criteria
that are qualitative and quantitative, reflecting the social, cultural,
economic and environmental characteristics of the project
outcomes or response options (adapted from New Zealand Asset
Management Support — www.nams.org.nz).
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Mean sea level (MSL)

Mean sea-level
anomaly

MHWS

Mitigation (of climate
change)

Mitigation (of natural
hazards and risks) — or
risk reduction

National adaptation
plan (NAP)

Natural hazard

NCCRA
NIWA

NPS

NZCPS

Path dependency

Parliamentary
Commissioner for the
Environment

Average (mean) level of the sea relative to a vertical datum over a
defined epoch, usually of several years to decades. Baseline MSL
for IPCC and NZ SeaRise sea-level rise projections is the average
sea level over the period 1995-2014.

Variation of the non-tidal sea level above or below the longer term
MSL on time scales ranging from a month to years due to climate
variability. This includes the influence of ENSO and IPO patterns on
sea level, winds and sea temperatures, and seasonal effects.

Mean high water spring tide. Applies to a high-tide water level
during spring or perigean spring tides as well as the line that marks
the landward boundary of the CMA.

A human intervention to reduce the sources or enhance the sinks
of greenhouse gases (IPCC, 2014b, annex Il).

The lessening of the potential adverse impacts of physical hazards
(including those that are human induced) through actions that
reduce hazard, exposure and vulnerability (IPCC, 2014b, annex Il).

The National adaptation plan (MfE, 2022a) prepared under the
Climate Change Response Act 2002 sets out what we need to do to
adapt, live and thrive in a different and changing climate.

Any atmospheric, earth or water-related occurrence (including
earthquake, tsunami, erosion, volcanic and geothermal activity,
landslip, subsidence, sedimentation, wind, drought, fire or
flooding), the action of which adversely affects or may adversely
affect human life, property or other aspects of the environment
(Resource Management Act 1991, section 2 (adapted)). Hazards
can be single, sequential or combined in their origin and effects.
Each is characterised by its timing, location and scale, intensity and
probability.

National Climate Change Risk Assessment.
National Institute of Water and Atmospheric Research.

National policy statement (see Resource Management Act 1991,
sections 45-55).

New Zealand Coastal Policy Statement 2010 (DOC, 2010). A
mandatory national policy statement under the Resource
Management Act 1991. Administered by the Department of
Conservation.

Situation where decisions, events or outcomes at one point in time
constrain adaptation, mitigation or other actions or options at a
later point in time (IPCC, 2014b, annex Il).

An independent advisor to the Government on environmental
issues. The Commissioner investigates emerging environmental
issues and concerns from the public.
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Percentile

Perigean spring tide

Probability
Project information

memorandum (PIM)

Projection

Real options analysis

Regional council

Regional plan

Regional policy
statement (RPS)

Relative sea-level rise
(RSLR)

Representative
concentration
pathway (RCP)

A measure used in statistics indicating the value below which a
given percentage of occurrences in a group of observations or
projections fall. The 50th percentile is the median. Used to
measure the spread of numerous sea-level rise projection
simulations from various models and inputs for a particular
combined Shared Socio-economic and Representative
Concentration Pathway. Graphs and datasets of IPCC and

NZ SeaRise projections typically show the median or p50 (line)
and a shaded likely range, which covers the spread of projections
between the 17th percentile (p17) and the 83rd percentile (p83).
33 per cent of projections are outside the likely range.

A tide that peaks in clusters about every seven months when the
moon’s perigee (its closest point to Earth during its 28-day elliptical
orbit) coincides with a spring tide (when the Earth, sun and moon
are nearly aligned every two weeks).

Chance or likelihood that an event will happen, or hazard
magnitude be exceeded.

A report issued by a council on request under section 31 of the
Building Act 2004 in relation to a building project.

Used in two senses in the climate change literature. In general
usage, it is any description of the future and the pathway leading
to it (ie, not a ‘prediction’). The IPCC has attached a more specific
interpretation to the term ‘climate projection’ or ‘sea-level rise
projection” when referring to model-derived estimates of future
climate.

Allows economic analysis of future option value and economic
benefit of deferring investment.

Councils that primarily manage resources like the air, water, soils
and the coastal marine area, along with natural hazards, civil
defence, regional land transport and harbour navigation and
safety. Aotearoa New Zealand has 11 regional councils. Refer to
section 30 of the RMA.

A plan that can be prepared by regional councils to help manage
the resources they are responsible for. All persons and bodies have
to adhere to the plan.

Must be prepared by all regional councils and help set the
direction for the coordinated management of all resources across
the region.

Sea-level rise experienced locally relative to the land mass. RSLR
includes the rate of vertical land movement (VLM) for either
subsidence or uplift.

Scenario of future radiative forcings from greenhouse gases.
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Residual risk

Risk

Risk assessment

Risk management

RMA

Scenario

Sensitivity

Sensitivity testing

Shared socio-
economic pathway
(SSP)

The risk remaining after adaptation and risk reduction efforts
(Oppenheimer et al, 2019).

Effect of uncertainty on objectives (AS/NZS ISO 31000:2009, Risk
management standard and ISO 14091:2021, Adaptation to Climate
Change: Guidelines on risk assessment).

Climate risk is the potential for adverse consequences for human
and ecological systems, recognising the diversity of values and
objectives associated with such systems (Reisinger et al, 2020).
‘System’ is a set of inter-related or interacting elements (I1SO
14091; 2021). Through a te ao Maori lens, it is the implicit
connectedness between te taiao (environment) and tangata
(people) and related matapono or guiding principles.

Qualitative and/or quantitative process of risk identification, risk
analysis and risk evaluation (AS/NZS ISO 31000:2009, Risk
management standard).

Plans, actions or policies to reduce the likelihood and/or
consequences of risks or to respond to consequences (ISO
31000:2009, Risk management standard).

The Resource Management Act 1991 and subsequent
amendments. Aotearoa New Zealand’s main piece of
environmental legislation providing the framework for managing
the effects of activities on the environment.

Plausible description of how the future might unfold in terms of
interacting factors, including human behaviour, policy choices,
land-use change, global population trends, economic conditions,
technological advances, international competition and cooperation
(Moss et al, 2010).

The degree to which a system is affected adversely or beneficially by
climate-related drivers. The alternative term fragility is often used in
the engineering and/or lifelines sector and tools like RiskScape.

Considers the effect of a range of present and future uncertainties
that may increase a particular hazard or other component of risk
(exposure, vulnerability). Generally applied to assessing a single (or
compound) hazard over a single time period or scenario, particularly
if the climate change effects on the hazard are uncertain (eg, future
storm intensity or changes in storm surge) or a relatively short
monitoring record generates wider 95 percent confidence intervals
(eg, 1 per cent AEP storm tide). Could also apply to risk assessments
to cover uncertainties, such as the vulnerability of some types of
assets (eg, groundwater rise impacts on roads and buildings or
confidence in existing data on floor levels of buildings for flooding).

Scenarios developed to complement the RCPs with varying socio-
economic challenges to adaptation and mitigation.
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Signal

Significant wave
height

SLR

SLR increments

Spatial planning

Stakeholder

Static or ‘bathtub’
inundation model

Storm surge

Storm tide

Stress-testing

System

Territorial authority

Trigger (decision
point)

Derived indicator value, monitoring changes in physical, social,
cultural, economic, and risk attributes, which provide early
warning to signal that a trigger (decision point) is approaching in
the near to medium term. It should prompt thinking and initial
engagement processes on the next steps or any changes to the
trigger.

A measure of the highest one-third (33 per cent) of waves over a
measurement or modelled period — relates to the height of waves
that an observer may estimate.

Sea-level rise.

Series of projected SLR or RSLR heights at constant intervals (eg,
0.1 metre or 0.2 metre increments) which are scenario neutral,
and which can be used in hazard and risk assessments and dynamic
adaptive pathways planning to ascertain adaptation thresholds and
bracketed timings of local RSLR.

Planning to influence the future spatial distribution of land-use
activities within a defined area.

Entity with an interest in a geographic area or issue, for example,
an asset, utility or a value that is at stake.

Hydrodynamic modelling of coastal inundation that does not
include the dynamic or transient effects of waves or storm tide
flooding of land. Essentially transfers the coastal water level inland
until that land elevation is reached.

Temporary increase in sea level induced by winds and barometric
pressure associated with weather systems.

Combination of MSL, high tide, storm surge and MSL anomaly
(monthly to seasonal variation in MSL), normally includes wave
setup, but excludes wave runup.

Analysis approach used to anticipate the potential impact of
surprises and unknowns, especially elements or place-based risks
with high uncertainty from cascading impacts (Logan et al, 2023).
It is a method to increasingly stress a system and determine its
breaking point. This improves understanding of how and why a
system or design may fail (Lempert, 2019).

A set of inter-related or interacting elements (ISO 14091:2021,
Adaptation to Climate Change: Guidelines on risk assessment).

A city or district council primarily responsible for managing the
effects of activities on land. Refer to section 31 of the RMA.

A derived indicator value, which when reached, provides sufficient
lead time to cover community engagement, consenting, design and
construction and funding arrangements, to ensure a new
adaptation action or pathway can be implemented before the
adaptation threshold is reached (see figure 22). The trigger is not
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Uncertainty

Uncertainty (risk)

UNFCCC

Unitary authority

Upzoning

VLM

Vulnerability

Vulnerability
assessment

Water table

Wave overtopping

tied to a particular time but to a condition — it will be a bracketed
time window derived using a SLR increment, or scenarios in the
dynamic adaptive pathways planning approach.

A state of incomplete knowledge that can result from a lack of
information or from disagreement about what is known or even
knowable. It may have many sources, from imprecision in the data
to ambiguously defined concepts or terminology, or uncertain
projections of human behaviour (IPCC, 2014b, annex Il).

The state, even partial, of deficiency of information related to,
understanding or knowledge of an event, its consequences or
likelihood (AS/NZS 1SO 31000:2009, Risk management standard
and I1SO 14091:2021, Adaptation to Climate Change: Guidelines on
risk assessment).

United Nations Framework Convention on Climate Change. Came
into existence in March 1994 following the Rio Earth Summit in
1992. To date, 197 countries have ratified the Convention and are
called Parties to the Convention. Preventing ‘dangerous’ human
interference with the climate system is the ultimate aim of the
UNFCCC.

An entity that carries out the roles of both regional and district
councils. There are currently six, for example, Auckland Council,
Tasman District Council.

Changing the zoning in land-use plans to increase the development
capacity allowed in the future, eg, for higher-value (eg, from
pastoral to residential) or intensification of uses.

Vertical land movement, which contributes to the relative sea-level
rise experienced locally.

The predisposition to be adversely affected. Encompasses a variety
of concepts and elements, including exposure, sensitivity or
susceptibility to harm or damage, and lack of capacity to cope and
adapt (adaptive capacity) (adapted from IPCC, 2014b, annex Il).

As part of a climate risk assessment (step 4), the process of
identifying, quantifying and prioritising (or ranking) the
vulnerabilities in a system, environment or community. Conducted
across the political, social, economic and environmental fields, as
well as those highlighted by hazard threats to community and
private assets. Includes the sensitivity of people, land and assets
exposed, together with adaptive capacity.

The ‘surface’ of the sub-surface sediments that are saturated with
groundwater in a given vicinity. Typically measured as the
elevation that water rises to in a well screened in shallow
groundwater.

Occurs when the wave runup exceeds the crest elevation of the
beach and flows over the top (‘overtops’) of the dune or seawall.
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Wave runup The maximum vertical extent of sporadic wave ‘up rush’ or flowing
water (‘green water’) on a beach or structure above the still water
or storm tide level. Constitutes only a short-term upper-bound
fluctuation in water level compared with wave setup.

Wave setup The increase in mean still water sea level at the coast resulting
from the release of wave energy in the surf zone as waves break.
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Appendix A: Coastal hazard
management case studies

A.1 Coastal inundation tool
(Waikato Regional Council)

Waikato Regional Council has developed a tool to show the susceptibility of coastal areas to
inundation from tides, storms and projected relative sea-level rise (RSLR) at a regional scale. It
is not designed to define actual coastal inundation hazards or minimum floor levels for specific
properties. It is used for screening to identify areas where more detailed assessment might

be required, and for raising public awareness.

The tool uses static geographic information system (GIS) mapping to show potential coastal
storm inundation, given user-selected sea-level scenarios. It includes guidance on a set of
plausible sea levels, based on detailed analyses of sea-level records and a tidal model. Extreme
sea levels (not including sea-level rise (SLR)) are included in the tool, calculated using a
‘building block’ extreme sea-level method, for a lower and upper estimate of storm-tide.

They have an unknown likelihood of occurrence. The tool does not associate probabilities of
occurrence to extreme sea levels but provides a plausible range of extreme sea levels, based
on present-day conditions.

The tool allows for testing RSLR projections or a range of increments relative to current mean
sea level, by adding an SLR increment to the present-day extreme sea level (figure A.1). It is
well suited for large-scale, long-term, scenario-based planning where consequences are being
assessed. It could be used, for example, in pre-planning discussions and community engagement.

User feedback shows how the tool has raised public awareness of coastal inundation in
the Waikato region. The level of community feedback was improved by an extensive
communications effort, especially by the regional and local councils, before the tool was
launched.
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Figure A.1: Current mean high water spring tide and a future upper-range coastal storm inundation
for a 0.5 metre sea-level rise at Thames using the coastal inundation tool

Left: mean high water spring tide elevation at present-day mean sea level (1.8 metre MVD-53). Right: upper storm
tide elevation plus 0.5 metre sea-level rise (3.6 metre MVD-53). Blue shading = areas of direct inundation; green
shading = areas lower than the relevant sea level but not directly connected to the sea. Dark brown lines = stop banks.

Source: Waikato Regional Council: https://coastalinundation.waikatoregion.govt.nz/

A.2 Coastal calculator (NIWA)

The National Institute of Water and Atmospheric Research’s (NIWA's) coastal calculator was
developed to provide coastal hazard source elevations, along with their likelihood of
occurrence, for coastal hazard and risk assessments (Allis et al, 2015). The information is
suitable for either storm inundation or erosion assessments.

The calculator is a user-friendly way to present complex information, and it can serve as a
database, a computer and an interactive presentation tool. Rather than presenting hazard
information in written form, it allows the user to explore the sensitivity of hazards to location,
SLR and beach state (figure A.2).

The calculator includes extreme sea level and wave analyses from monitoring data; storm tide
and wave hindcast models verified against data; joint probability analyses of storm tides and
waves; analysis of beach profiles; empirical wave setup; and runup models verified against
historical observations. It provides coastal hazard information in a way that meets the
recommended requirements for risk-based coastal adaptation:

e output clearly related to local vertical datum

¢ high level of modelling detail in a probabilistic framework, including multi-year wave and
storm tide hindcasts, statistically robust extreme value modelling and joint probability
modelling of both storm tides and waves

e models are underpinned by monitoring data

e clear presentation of the expected frequency and magnitude of hazard sources, and of the
statistical uncertainties of the frequency and magnitude

e reporting in several likelihood terms: annual exceedance probability (AEP), average
recurrence interval and expected number of exceedances
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e likelihood clearly related to (user-selected) planning timeframe

¢ flexible treatment of SLR, which can include a range of scenarios or increments of SLR.

A coastal calculator has been built for the Bay of Plenty, Gisborne, Nelson, Tasman and
Canterbury regions to provide information for coastal hazard assessment (Goodhue et al, 2015;
Robinson et al, 2014; Robinson and Stephens, 2015; Stephens, 2015; Stephens et al, 2014).

Figure A.2: Combined (joint probability) storm tide and wave setup and runup elevations
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A worked example for a single user-specified annual exceedance probability (AEP) (10 per cent AEP in this case), and
maximum combined storm tide plus wave setup elevation (red shading) and wave runup (orange shading) for a
range of AEPs.

A.3 Coastal inundation by storm tides
and waves (Auckland Council)

Auckland Council commissioned mapping of coastal storm inundation areas and depths for the
entire Auckland region, to inform emergency management and natural hazard planning in the
Auckland Unitary Plan (Carpenter et al, 2021; Stephens et al, 2016).

Figure A.3.1 shows the relationships between the study requirements, types of uncertainty,
scenarios and modelling complexity. The mapping was not commissioned to explicitly consider
all scenarios recommended in this guidance. The study, however, included and clearly
differentiated statistical and scenario uncertainty, plus an allowance for the deep uncertainty
surrounding SLR. It therefore had the ingredients needed for decision-making.

Figure A.3.1: Relationships among study requirement, type of uncertainty, scenarios and modelling
complexity, arising from developing the Auckland coastal inundation layers

Study Type of uncertainty Scenarios Modelling
requirement considered modelled complexity

Complexjoint-probability
AEP at present-day MSL = statistics for hazard sources
Statistical probabilities of 39,18,10,5,2,1,0.5% -> AEP
Land-use storm tide + waves,
(existing development) multiple AEP for Median AEP only - Efficient(less-complex) region-
and asset planning, present-day conditions no confidence intervals wide static inundation mapping
over at least 100 years

+ 1m SLR scenario Present-day 2% +1% AEP Subsequent, complex dynamic
+ 1m SLR scenario inundation mappingfor target

locations (eg, Parakai)

o 0,
Present-day 1% AEP Efficient(less-complex) region-wide

static inundation mapping

Greenfields and major new

assets/infrastructure el saEaTe

+ 2m SLR scenario

AEP = annual exceedance probability; MSL = mean sea level; SLR = sea-level rise.
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The study used median AEP values to model the statistical probabilities of coastal storm
inundation. The confidence intervals were not presented because the study considered
relatively long timeframes (at least 100 years) with high (plus 1, plus 2 metre) SLR projections.
Over this timeframe, the shared socio-economic pathway scenario uncertainty of the SLR
projections would dominate the statistical (AEP) uncertainty, meaning that the extra effort of
mapping confidence intervals would provide limited additional benefit for decision-making.

The supporting maps are a useful tool for the council to understand and communicate the
potential hazard from coastal storm inundation and SLR through their online geographic
information system viewer.?? As a planning tool, the 1 per cent AEP plus 1 metre SLR for
coastal storm inundation was selected as a management control overlay, with activities and
works subject to policies and rules in chapter E36 (Natural hazards and flooding)®® of the
Auckland Unitary Plan.

Figure A.3.2 shows an example of the coastal storm inundation mapping at Mission Bay.
Coastal storm inundation elevations from storm tides and waves were calculated using a
probabilistic framework (at present-day mean sea level (MSL)). SLR increments of plus 1 metre
and plus 2 metres were added to the 1 per cent AEP elevations at present-day MSL, and
inundation was mapped.

This example shows that developed, low-lying areas like Mission Bay are likely to reach
decision points before an SLR of 1 metre is reached (the modelled scenario). In this way, the
mapping has also acted as a hazard screening tool. For areas susceptible to present-day
coastal storm inundation like Mission Bay, further modelling of other SLR increments (small
increments) and statistical uncertainties could be used to further determine vulnerability and
risk and to support planning strategies and future adaptation decisions.

The maps from this study efficiently defined coastal storm inundation areas at a regional scale,
as required for regional policy development. They also identified areas where further work
could improve the hazard assessment, such as more detailed assessment of the extreme sea
levels or consideration of overland flow paths. Parakai in West Auckland was identified as

one such area. The coastal storm inundation maps were revised using local water-level
measurements and a dynamic inundation model (Carpenter et al, 2021; Stephens et al, 2016),
which is also discussed in the next case study.

92 see Auckland Council. Geomaps. Retrieved 25 February 2024. Various coastal inundation levels are
mapped under the theme Climate Impacts. The control overlay is under the theme Plans and
Places/Unitary Plan—-Management Layers.

93 see Auckland Council. Auckland Unitary Plan Operative in part (Updated 16 February 2024). Retrieved
24 February 2024.
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Figure A.3.2: Coastal storm inundation mapping and planning overlay at Mission Bay, Auckland

Left: aerial photograph of Mission Bay with the coastal storm inundation management control layer (vertical
hatching) from the Auckland Unitary Plan. Right: with present-day 1 per cent annual exceedance probability storm
tide, plus wave setup elevation (purple shading), plus 1 metre SLR (light-blue shading) and 2 metre SLR (white
shading).

Source: Auckland Council GeoMaps viewer

A.4 Static versus dynamic coastal inundation
mapping (Parakai, West Auckland;
Tauranga City; South Wellington Coast)

Static ‘bathtub’ coastal inundation overlays (often done as a GIS analysis) are usually sufficient
to provide a reliable overview of the extent of coastal flooding for various SLR increments or
scenarios. The static approach assumes the extreme storm sea level, including wave setup
(eg, 1 per cent AEP water level at the shoreline), floods all the land with an elevation at or
below that level, over the one to two hours straddling high tide when the event occurs.

However, for situations with a large flat coastal plain extending well inland, the static approach
tends to overestimate flooding. In areas exposed to high wave runup and wave surging, the
static approach tends to under-estimate flooding. In these situations, therefore, it is prudent
to also run a hydrodynamic model with wave runup to check the veracity of the static
inundation overlays. Tauranga City and the south coast of Wellington are two examples of
places where a dynamic approach has been used.

Parakai, West Auckland

This case study compares static and dynamic inundation mapping results over a wide
floodplain at Parakai, West Auckland (Stephens et al, 2016).

Coastal storm inundation areas in the Auckland region were mapped in 2013 (Stephens et al,
2013) using a static level or ‘bathtub’ inundation-mapping technique. In this method, all land
lying below the coastal storm inundation elevation is assumed to be flooded in its entirety

if there is a direct flow path to the sea or harbour waters. The static inundation maps are
created in a GIS and do not fully capture the dynamic and time-variant processes that occur
during a coastal storm hazard event (eg, through tidal fluctuations and flow paths).

The static method is efficient, which makes it useful for region-wide application (as per the
2013 Auckland study scope), and for risk screening, such as applied in Waikato Regional
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Council’s coastal inundation tool (Waikato Regional Council, n.d). The static method is
conservative because it tends to over predict rather than under predict inundation by the
high-water period of storm tides that may last for one to three hours. The over prediction
applies more for wider coastal plains, whereas, for narrower coastal margins, the mapped
inundation level will be much closer to the expected inundation extent.

Dynamic inundation modelling uses detailed numerical hydrodynamic models to simulate the
incursion of the sea over the land surface. This is detailed, data-intensive, time-consuming
and relatively costly work, which is easier to apply over small areas, where more certainty

is required.

Parakai has a wide, low-lying coastal plain that is intersected by the Kaipara River above its
confluence with the Kaipara Harbour. This was an area identified from the 2013 study where
further sea-level data and dynamic inundation modelling could improve Auckland Council’s
understanding of coastal storm inundation.

Figure A.4 shows the difference in the 1 per cent annual exceedance probability coastal storm
inundation elevations mapped using the static and dynamic (Stephens et al, 2013, 2016)
methods. Both methods gave similar elevations at the confluence of the Kaipara River and
Kaipara Harbour. The calibrated hydrodynamic model predicted considerable frictional
attenuation, however, causing the storm tide elevation to drop inland, while no attenuation
is modelled using the static GIS-mapping technique. As a result, the difference in predicted
inundation elevation between the two methods increases inland. The dynamic model
predicted water levels that were up to 0.5 metres lower than the static method over most

of the seaward flood plain, and up to about 2 metres lower further inland. The total area of
coastal storm inundation was predicted to be 60 per cent less using the dynamic modelling.

The original static inundation model of the area assumed local stopbanks that were
identifiable in the topographic data were fixed structures. In the refined dynamic inundation
model, the coastal inundation areas were considered independent of the presence of these
structures, given their dynamic nature and potential to change over time. This maintains a
degree of conservatism in line with the precautionary principles adopted by the Auckland
Unitary Plan.

The difference between the static and dynamic methods was much less for the SLR: for the
plus 1 metre SLR increment, the total area of coastal storm inundation was predicted to be just
9 per cent less using the dynamic modelling, and both methods gave approximately the same
results for the plus 2 metre SLR increment. Large SLR will inundate the floodplain and fill the
basin in which the Parakai—Helensville region is located. Dynamic frictional effects that hold
back the flood wave at present-day MSL (when the water is shallow) will be reduced after
significant SLR (when the water is deep, assuming no change in the floodplain topography).

These results suggest the static mapping method is likely to be adequate for risk-screening
exercises or coastal hazard assessments using high SLR increments (associated with longer
planning timeframes). The dynamic mapping method is best used for site-specific hazard
assessments where high accuracy is required at the property scale and where smaller SLR
increments are being modelled.
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Figure A.4: Comparison of static (left) and dynamic (right) maps of 1 per cent annual exceedance
probability (AEP) coastal storm inundation at present-day mean sea level, Parakai,
West Auckland
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Source: Stephens et al (2016)

Tauranga City

To inform adaptation planning in Tauranga City, the effects of incremental RSLR were quantified
on exposed land area and on the number and replacement value of buildings within Tauranga
Harbour (as a combined hazard and risk assessment) (Stephens et al, 2021). The assessment
compared three coastal hazards: flooding, progressive permanent inundation (high tide)

and coastal erosion. Increasingly frequent coastal flooding will be the dominant trigger for
adaptation in Tauranga.

The hazard assessment in Tauranga compared the performance of simple static-planar® versus
complex dynamic models for assessing coastal flooding exposure. Differences between the
dynamic and static models were largest below 0.8-metre RSLR. The static approach generally
underpredicted the flooding risk exposure relative to the dynamic model. Relevant to setting
an adaptation threshold, the static-planar model estimated that 0.2 metres more RSLR would
be required to reach 1,500 buildings impacted by 1 per cent AEP storm tides, compared with
the dynamic model. This is compelling evidence to use dynamic models to support adaptation
planning in Tauranga.

Wellington South Coast

To support the review and update of the District Plan for Wellington City, NIWA assessed

the coastal erosion and inundation hazards for three climate scenarios and SLR projections
from the 2017 guidance (MfE, 2017) (present day, RCP 8.5 (median) and RCP 8.5 H+), including
the effect of subsidence on RSLR in the two future scenarios (Allis et al, 2021).

9 ‘Static-planar’ refers to a horizontal extension inland of the storm-tide and wave setup level.
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For inner harbour shorelines, the static approach was used. The secondary effects of climate
change were accounted for by increasing the storm surge elevation, wind speeds and offshore
waves according to the 2017 guidance (MfE, 2017). These were included as a single ‘storm’
scenario (derived from multi-variate modelling). This included storm-tide + wave-setup
elevations (1 per cent AEP only) at about 25 output points around Wellington Harbour, added
to the RSLR projections.

On the Wellington South Coast and Makara Beach, wave runup and setup were modelled using
a ‘dynamic’ model, XBeach GPU. This model quantifies the complex interactions of waves,
currents and water levels with the intricate bathymetric and topographic features in the surf
zone (eg, rocky reefs). The output is a time history of MSL (averaged over multiple wave periods),
which is increased by wave setup and ‘surf beat’ in addition to extreme storm tides. The model
was validated against inundation from recent storms.

The benefit of using this dynamic approach is the ability to then combine the maximum inland
reach of the runup for individual storms into an inundation envelope across all storms. This
represents the maximum extent of inundation across all modelled scenarios at the 1 per cent
AEP level. It provides a more realistic inland extent of wave surging than from a static approach.

A.5 Probabilistic coastal erosion hazard
assessment (Northland)

This project assessed and mapped coastal erosion hazards in detail for selected high-priority
sites in Northland. The methodology (Shand et al, 2014) combined standard and well-tested
approaches for defining coastal erosion hazard zones. It added component parameters, with
new techniques for defining and combining parameter ranges, to allow for natural variation
and uncertainty in individual parameters (Cowell et al, 2006).

The resulting distribution provided a probabilistic forecast of potential hazard zone width
for differing likelihoods, in accordance with Policy 24 of the New Zealand Coastal Policy
Statement 2010 (NZCPS) (DOC, 2010) and supported by best practice guidelines (eg, Ramsay
et al, 2012).

Models were derived for different coastal types, including unconsolidated beaches, hard

and soft cliffs, and estuarine shorelines, with component values determined using statistical,
empirical and numerical methods. Component ranges tended to be narrower where processes
were better understood or natural variation was small (eg, storm cut). The ranges were wider
where processes were less understood (eg, coastal response to SLR) or natural variation was
high (eg, long-term fluctuations around river mouths).

Multiple planning timeframes were applied to provide information on current hazards at
timescales for planning and accommodating future development. The potential hazard zone
was defined based on the probabilistic forecast (figure A.5), with coastal erosion hazard zone
(CEHZ) values. A 66 per cent probability of being exceeded (Pss%) and a 5 per cent probability of
being exceeded (Ps%) were adopted as prudent likely and potential CEHZ values, respectively,
and mapped from the current shoreline (figure A.5; Shand et al, 2014).

Due to the uncertainly of some components (eg, beach response to SLR), the output is a
quasi-quantitative exceedance probability. Still, it provides valuable insight into the range
and likelihood of potential hazard extent, which improves our understanding of hazard and
risk. While certain likelihoods (Pss% and Psy) were selected for mapping, the method allows
any other hazard likelihood to be defined and mapped.
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This assessment provided the CEHZ likelihood for a particular future climate scenario (RCP8.5),
using the scenario confidence bounds to define the SLR parameter range, rather than assessing
the CEHZ for a range of potential scenarios as advocated in the Interim guidance on the use of

new sea-level rise projections (MfE, 2022).

The updated guidance here suggests modifying the method in future to more clearly separate
the statistical and climate scenario uncertainty. The robust statistical framework would still
apply for all components other than SLR, and the modelling would use several distinct climate
scenarios and SLR projections. Alternatively, the present method could reasonably be applied
for relatively short planning timeframes, where there is reasonable agreement between the
SLR trajectories for the various concentration pathways.

Figure A.5: Example of shoreline-change components as histograms (left), used to develop the
width of a coastal erosion hazard zone (CEHZ) based on Pss% and Psy lines overlaid on
an aerial image (right)
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CEHZ components (m): ST = short-term and LT = long-term shoreline change; DS = dune-stability factor;
SLR = sea-level rise contribution to shoreline change; R = combined shoreline change used to set a CEHZ.

Source: Shand et al (2014)

A.6 Current good practice: Mapua and
Ruby Bay (Plan Change 22, Tasman
District Council)

Detailed planning for the small coastal communities of Mapua and Ruby Bay began in the late
1990s. It was undertaken in an environment of considerable pressure for coastal development
across the whole of the Tasman coastal area, from Richmond to Motueka, including in the
settlements themselves. The approach to plan preparation was an integrated one, identifying
and addressing the multiple challenges faced by the two communities, which ranged from
natural hazards issues to management of a major contaminated site, and appropriate
provision for residential and business land and associated servicing.
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The plan evolved over more than a decade, involving an initial stage of information collection
and analysis and a structure planning process. Important elements were the intention to
provide for future expansion “away from low-lying land and the inundation and erosion-prone
coastline between Mapua and Ruby Bay”. It involved revising the pre-existing coastal hazard
area to take into account coastal erosion, coastal and freshwater inundation, climate change
and sea-level rise, and activities that could increase risk. Further subdivision on the coastal
plain and sand spit areas was to be prevented, and erection of new buildings in identified
hazard areas was also to be avoided. This is to avoid the long-term adverse effects of coastal
erosion and inundation.

With a clearly expressed policy framework, elements of the plan included the identification
of a Residential Closed Zone (further subdivision prohibited, no land filling, no new habitable
buildings and no extension or replacement of existing habitable buildings closer to the shore)
based on the then-current national guidance for sea-level rise and climate change effects.
Coastal protection structures became restricted discretionary activities, with effects on the
natural environment, adjoining properties and coastal processes being considered.

The plan went through several stages of engagement and a draft statutory plan process,
allowing for detailed comments on policy and regulatory components. The formal processes of
Plan Change 22 proceeded with wide public interest and debate, submissions, and a council
hearing and decisions. The council had successfully sought a declaration from the Environment
Court that the subdivision rules should have immediate effect, which the court granted on the
basis of the circumstances (see appendix B). Part of the area was subject to appeal to the
Environment Court in 2014,%> which was dismissed in favour of Tasman District Council. At the
time of the hearing, it was uncertain whether the major rock revetment at Ruby Bay (figure
A.6, photo right panel) would be retained in the long term.%®

This is an example of planning that is current good practice for coastal hazards and that has
retained options for future decision-making. In the meantime, the robustness of the provisions
has been subject to testing through the Environment Court. The council is monitoring the
wider plan as well as the continuing coastal processes.

Figure A.6: Photographs at the Mapua foreshore (left) and Ruby Bay rock revetment after a wave
overtopping event

Source: E Verstappen, Tasman District Council

% Gallagher v Tasman District Council [2014] NZEnvC 245.
% At [17], [90] and [155].
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A.7 Proposed Marlborough Environment
plan

Compiled according to the Proposed Marlborough Environmental Plan, Volume 1, Appeal version, Policy
— Chapter 19 — Climate Change and Lawrence et al (2021a).

Marlborough District Council has reviewed the Marlborough Regional Policy Statement, the
Marlborough Sounds Resource Management Plan and the Wairau/Awatere Resource
Management Plan to create a single resource management document for the district. The
Proposed Marlborough Environment Plan®” includes the regional policy statement, as well as
regional and district plan provisions and has a prominent chapter on climate change: ‘Climate
change could affect natural hazards and create a coastal inundation hazard associated with
sea-level rise’. Note that all of V1, Chapter 19 (Climate Change); V1, most of Chapter 13 (Use of
the Coastal Environment); and all of V2, Chapter 16 Coastal Marine Zone rules are treated as
operative in accordance with S86F of the RMA.

The plan contains the following.

Issue statement — this acknowledges the range of sea-level rises within the 2017 guidance
(MfE, 2017) and localised influences on sea-level rise, including natural coastal protection
and land subsidence. It notes the potential for increased frequency of extreme weather
events and the effects of this on settlements and regionally important infrastructure.

Objective — the single objective is: Avoid and mitigate the adverse effects of natural hazards
influenced by climate change. It is a regional policy statement, regional, coastal and district
objective.

Policies — two policies (regional, coastal and district) are in place relating to coastal inundation.
Policy 19.2.2 sets out interim SLR allowances to be used (until the second policy has been
applied in any area) for different planning situations, as follows:

a) Coastal subdivision, greenfield developments, and major new infrastructure — use a
minimum 1.52 m sea-level rise: and

b) Changes in land use and redevelopment (involving intensification or use of land
beyond the existing footprint of built development or structures) — use a minimum
1.52 m sea-level rise; and

¢) Existing coastal development and assets within their existing footprint — use a
minimum 1.0 m sea-level rise; and

d) Non-habitable short-lived assets with a functional need to be at the coast, and which
either have low consequences or are readily adaptable (including services) - use a
minimum 0.65m sea-level rise.

A single figure is used to give certainty for resource users, rather than the range recommended
in the 2017 guidance (MfE, 2017). They are, however, based on a precautionary approach out
to ‘at least 100-years’ that accounts for the ongoing progressive SLR changes, thus giving effect
to the NZCPS. In particular, the explanation notes that the plan has a life of only 10 years but
subdivisions and new property titles that may be approved within the plan’s lifetime have an
indefinite life, and buildings and infrastructure have a minimum design life of 50 years. The
policy is to be applied to resource consent applications, plan changes and designations. No
specific rules are associated with this policy. However, the plan has a setback rule, and
applications within this setback area will trigger this policy.

97 Marlborough District Council. Proposed Marlborough Environment Plan. Retrieved 25 February 2024.
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Policy 19.2.3 adopts a process for future more detailed planning in specific circumstances,
which is fully aligned with the 2017 guidance, as follows:

Using a collaborative community engagement model, identify and prioritise areas,

assets, and infrastructure (e.g. roads) where the coastal environment is under threat

of inundation from rising sea levels and associated storm surges. Using that process
develop an implementation plan to avoid or mitigate the adverse effects of such outcomes
on the community.

The council will undertake a dynamic adaptive pathways planning process with the
communities potentially affected by SLR, in accordance with the 2017 guidance (MfE, 2017).

Methods — the methods involve council-led research, and planning processes include an action
plan to be developed with affected communities using the 10-step decision cycle to determine
long-term strategic plans and decision-making for coastal areas. District rules that apply a
horizontal setback are to be used to reduce the potential for structures and infrastructure to
be inundated until research and community engagement is completed. It is anticipated these
steps may prompt the need for additional rules for ensuring the objective and first policy
continue to be met.

Anticipated environmental result

Buildings and infrastructure established after the notification of the Proposed Marlborough
Environment Plan are not inundated by the sea.

Monitoring of effectiveness is based on reports of inundation and/or damage to buildings and
infrastructure.

The main settlement areas are within the coastal settlement zone, and here buildings are not
permitted within 28 metres of the mean high water spring tide. In the other zones, limited
opportunity is available for subdivision and new development, but a coastal setback of only
8 metres is typically required. Filling of land is not permitted within 20 metres of the coast in
any of the zones, ensuring new buildings closer to the coast can accommodate the ongoing
progressive SLR, for example, built on piles or poles or potentially relocatable.

All land-use rules are district rules, whereas rules on filling are district and regional (the
regional rules mean any consent granted has a limited life, with a maximum of 35 years).
The default status for all activities that do not meet permitted standards is discretionary,
enabling relevant policy considerations to be brought into play.

While these provisions do not take into account topographic variability, or exposure of parts
of the coast to adverse sea conditions, the regional policy statement provisions set in place
an undertaking to progress the detailed DAPP planning needed to adequately address risk.

A.8 Assess areas potentially affected by
coastal erosion (Gisborne District)

The Gisborne District coastline extends from Takararoa in the south to Omaruparoa in the
north. It comprises 138 kilometres of sandy and gravel beaches and 202 kilometres of cliffed
coastline. This study first used region-wide screening to identify parts of the coast that could
potentially be affected by coastal erosion hazards and to show these on maps at a broad scale.
This information can now be used by the council to identify areas along the coast where
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natural, built and/or cultural features exist that are of value and at high risk of being adversely
affected by coastal erosion. Those areas of high risk can be prioritised for more detailed
assessment of the effects that could occur.

The assessment addressed the matters identified in Policy 24 of the NZCPS for assessing hazard
risk (DOC, 2010). The geomorphological character of the coastline was assessed using an aerial
survey by fixed wing aircraft, and the coastline was categorised into unconsolidated beach

and cliff coastal types, with conceptual models developed for each to describe the erosion
processes. An area susceptible to, or potentially affected by, coastal erosion was assessed
using similar methods to Gibb (1998) and Reinen-Hamill et al (2006). For unconsolidated
beaches (figure A.8.1), this included terms for:

e short-term changes in horizontal shoreline position related to storm erosion due to a
singular storm event or cluster of storm events

e adune stability allowance to allow for the collapse of over-steepened dune scarp following
erosion

¢ along-term rate of horizontal coastline movement

¢ horizontal coastline retreat due to the effects of increased mean sea level.

For consolidated cliffs (figure A.8.2), this included terms for the characteristic stable angle of
repose, the historic long-term rate of cliff toe retreat and potential increase in future long-
term retreat due to SLR effects. Component values were derived from existing and new data,
and hazards assessed over a 100-year timeframe. Offsets from a current shoreline were
mapped continually around the coastline.

The building block approach of combining components typically produces a maximum hazard
extent. This was considered suitable for identifying areas potentially affected by coastal hazard
on a regional scale. The study used the continuing high emissions SLR scenario (RCP8.5 median)
allowing for local tectonic movements. This was considered appropriate for defining the
potential areas affected by erosion hazard based on available national guidance (MfE, 2008)
but did not assess hazard for multiple scenarios or an upper-bound scenario as proposed in
this guidance update.

Figure A.8.1: Definition sketch for open coast coastal erosion hazard setback
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Source: Shand et al (2014)
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Figure A.8.2: Definition sketch for cliff coastal erosion hazard setback
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A.9 Applying the dynamic adaptive pathways
planning approach to Tangoio Marae

Compiled by Paula Blackett, National Institute of Water and Atmospheric Research, and Tania Hopmans
and Kelly May, Maungaharuru-Tangitu Trust

As a direct result of disputed purchases and raupatu, the hapi of Tangoio Marae
(Marangatiihetaua/Ngati Ta, Ngati Whakaari, Ngai Tauira, Ngati Kurumokihi, Ngai Te Ruruku,
and Ngai Tahu (the Hapi) were reduced to 1.6 hectare of whenua, adjacent to Te Ngarue
Stream, to use for the benefit of the hapi and situate the marae.

Maungaharuru-TangitQ Trust (MTT) is a Treaty of Waitangi Post Settlement Governance Entity
and its objectives include being the voice and representative body for the hapl. Their Treaty
settlement has expanded their land ownership, however, none of the land was suitable for a
marae, so the marae remains on a flood plain. Importantly, Te Ngarue Stream has a history of
flood events that could potentially be exacerbated by a changing climate. As a result, the hapi
face difficult adaptation choices regarding the future of their marae.

One of the early stages in the decision-making process (see Te Huringa ki Te Rangi — He Rautaki
Tawariwari®®) was to articulate a shared vison for the future and to understand the diversity of
aspirations and outcomes desired by the hapi. This was done by reviewing existing
documentation and strategic plans to confirm their continued relevance; interactive group
discussions (hui) at the marae; and two online surveys.

This provided information and knowledge on three key subject areas:

e aspirations — dreams or hopes for the marae

¢ activities — behaviours and things the people wanted to do at the marae to achieve their
aspirations

% NIWA. Te Huringa ki te Rangi — He Rautaki Tawariwari. Adapting to climate change — a decision-making
model for Indigenous Peoples. Retrieved 25 February 2024.

158 Coastal hazards and climate change guidance


https://niwa.co.nz/te-kuwaha/tools-and-resources/te-huringa-ki-te-rangi-adapting-to-climate-change
https://niwa.co.nz/te-kuwaha/tools-and-resources/te-huringa-ki-te-rangi-adapting-to-climate-change

¢ the types of built-form — spaces, structures, physical things and design features that
support activities and aspirations.

A hui with whanau was organised and hosted by MTT and for those unable to attend in person,
a follow-up online survey was constructed and made available, which contained questions to
enable participation. All of the information gathered through hui and online survey was
combined to establish the top priorities and aspirations for the Tangoio Marae community
(see Blackett et al, 2022).

Thread 1 — Understanding the past

A detailed understanding of the physical extent of historical flooding and the experiences of
hapt and local residents were collected via interviews and surveys collated into a timeline and
short video. Council documents and local media reports provided the basis of the timeline,
while interviews with kaumatua and others with a long history of association with the valley
provided knowledge (matauranga a-Hapi), stories and experience of historical events. The
interviews delved into 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. In addition, physical information on water depth (eg, relative
to door frames) and the extent and duration of flood waters was obtained to help calibrate
the hydrological-hydrodynamic models. All this information created a picture of what flooding
was like for those who had never experienced one to enable the potential impacts and
implications to be visualised.

Thread 2 — Modelling the past and the present

The present hazard and risk were constructed through hydrological-hydrodynamic modelling
of Cyclone Bola in 1988, a well-remembered, historical, extreme weather event. The peak
water depths were calibrated using photographs in the Tangoio Valley during and after
Cyclone Bola and compared with oral observations collected during a hikoi (walk) with whanau
present at the marae either during Cyclone Bola or soon after the flood waters receded.

Thread 3 — Modelling possible futures

The calibrated model developed in thread 2 was used to produce a range of possible futures
from which to start a conversation around the potential impacts of climate change on Tangoio
Marae and surrounding areas (see table A.1). Not all possible future projections were
explored, the purpose was to provide a variety of alternatives.

Table A.1: Climate change scenarios used to investigate potential peak flood water levels in the
valley and around Tangoio Marae

Assumed Peak discharge

Climate sea-level (at marae)

Scenario

change
scenario

rise
(metres)

(cubic metre
per second)

Elevation
model

Assumptions

Bola Present | None None 146 No stopbank2 | Bridge blocked®
Bola + Climate 2040 RCP 6.0 0.2 154 With existing Bridge blocked
Change Scenario 1 stopbank

Bola + Climate 2090 RCP 6.0 0.5 164 With existing Bridge blocked
Change Scenario 2 stopbank
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Bola + Climate 2120 RCP 8.5 1.36 160 With existing Bridge blocked
Change Scenario 3 stopbank

3 The Bola modelling simulation assumed that the existing stopbank constructed around the marae site was not
in place. Future modelling scenarios retain the existing stopbank 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.

Source: Blackett et al (2022)

Thread 4 — Communicating with whanau

A hui was organised by MTT to present the timeline, short video and model information back
to the hapd. Participants were asked for their thoughts and concerns for the future. Importantly,
this hui was finished with a brainstorming session on possible adaptation options and future
aspirations for the marae so as not to leave participants with feelings of helplessness.

The adaptation discussion for the hapi of Tangoio Marae had two parts, first exploring the full
range of adaptation options and understanding the limits of each option and, second, creating
dynamic adaptative pathways plan (DAPP).

Adaptation options and aspirations (eg, new kitchen or building upgrades) for Tangoio Marae
were generated by the hapi during a short hikoi (walk) around the marae complex with
kaumatua and the hui described in step 4 (assessing vulnerability and risk). The original hapi
list was extended by expert opinion, and no options were removed so that participants could
recognise their contribution. Further, other factors of relevance to the decision-making
process were explored with members of MTT, for example, access to financial resources, costs
of insurance, returns on other investment options, land cost and building costs. Each option
and aspiration were costed approximately, and the point at which options would fail to protect
against flood events was estimated.

Creating a DAPP

The information collected throughout the project was used to design a serious game (Marae-
opoly) that mimicked the adaptation challenge in order to provide an experience of flood
adaptation decision-making for the marae over a 100-year timeframe. For more detail on the
game, see Blackett et al (2022). The facilitated game was played in a hui with six self-selected
groups each making different choices on the preferred adaptation strategy. An amalgamation
of the different group strategies provided the foundations for a DAPP to be developed. The
pathway identified the preferred options within the constraints faced by the hapi. More
detailed investigations of the preferred options — improved stopbanks and moving the marae —
were then explored.

MTT was responsible for the detailed exploration of pathways and implementation of the
DAPP. The ‘Marae Options Committee’ comprised 16 hapi members representing kaumatua,
Tangoio Marae trustees, Maungaharuru-TangitQ trustees, kohanga reo and representatives of
the whanau and rangatahi. The Committee explored two options: relocate Tangoio Marae or
protect and develop at the current location. When considering offsite options, the Committee
evaluated sites that were:

e within 40 minutes’ drive from Napier (and within the hap( Takiwa)

e atleast 0.8 hectares of land

160 Coastal hazards and climate change guidance



e not exposed to risks of flooding, coastal inundation and liquefaction (unless the
liquefaction risk could be mitigated) and did not have more than a low risk of tsunami.

An initial 74 properties that were identified as possibilities were narrowed down to just three
(for various reasons including access and high level of earthworks). However, the owners of
these three properties, which were deemed suitable, were approached but not interested in
selling. Various onsite options were also explored and, in December 2018, the Committee
reported to the hapi that there was only one feasible option: to rebuild the existing, western
stopbank.

A new ‘Marae Development Committee’ was established in 2019 to implement the
development of the marae and undertake detailed stopbank design and flood modelling.
While modelling was under way (this identified floodwaters from three sources: Te Ngarue
Stream, runoff from the hills and overland from the upper valley), MTT learnt of the upcoming
sale of the farm neighbouring the marae, and one of the purchased blocks was a metre higher
than the existing marae. The modelling showed that, if a platform was raised on the block, it
could provide adequate protection for marae development with minimal impacts on
neighbours. Overall, it had more advantages than the stopbank options.

In 2021, the Marae Development Committee recommended the block ‘raised platform’ option
to the hapi and after two hui a-Hapd, the hapi decided to relocate the marae 300 metres
from the current site. A development plan had been agreed by the hapu, and resource consent
applications lodged with the appropriate councils in the months just prior to Cyclone Gabrielle.
In mid-February 2023, Cyclone Gabrielle struck at a scale well in excess of Cyclone Bola causing
significant damage, disruption and grief to the hapu. Floodwater, silt and forestry debris
caused considerable damage leaving 0.5 metres of silt through the whare tipuna, Punanga Te
Wao and significant damage to all of the other buildings.

After the cyclone, questions have been asked regarding the wisdom of redeveloping the marae
at the new site that, though elevated, remains on a flood plain. At the time this document was
finalised, the investigations were under way.

As of December 2023, the Tangoio floodplain has been categorised as Category 3, being land
where “future severe weather event risk cannot be sufficiently mitigated ... [and] there is the
intolerable risk of injury or death”. Voluntary buy-out of properties in Category 3 areas is being
offered, and discussions are underway regarding future use of the Tangoio Marae. In addition,
the hapi have created a twelve-month recovery plan to lay the foundation for a strong
recovery, including identifying alternative, safe, resilient land as an option for the marae and a
papakainga (village) for the hapl (Maungaharuru-Tangitd Trust’s Locality Plan, 2023).

Reference documents

Maungaharuru-Tangitl Trust’s Locality Plan, 2023: https://tangoio.maori.nz/wp-
content/uploads/2023/05/MTT_Locality_Plan_version-1.2_compressed.pdf

Public Notice: Invitation to whenua Maori landowners and Trustees in Tangoio and
surrounding areas: https://tangoio.maori.nz/recovery/

Land Categorisation Hawke’s Bay: https://www.hastingsdc.govt.nz/land-categorisation-
hb/#initiallandcategorisations

Kia Tipu te Mauri Ora video: https://www.youtube.com/watch?v=rlIOSOuldMo
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Appendix B: Relevant court cases

Table B.1 summarises some relevant court cases relating to coastal hazards, application of the New Zealand Coastal Policy Statement 2010 (DOC, 2010) and the
effects of climate change on coastal hazards. The summary has been updated from cases covered in an earlier version of the coastal guidance (MfE, 2008,
appendix 2).

More detailed summaries of the main decisions and outcomes from these cases are at: https://niwa.co.nz/natural-hazards/hazards/planning-for-coastal-
adaptation.

Table B.1: Summary of relevant court cases in relation to coastal hazards, application of New Zealand Coastal Policy Statement 2010, and climate change effects

Case name Citation Key words Issues under consideration

Judges Bay Residents Association ENC Auckland A072/98, 24 June 1998 1998 | Environment Court | Resource consent, natural hazards, Hazard protection measures and port

v Auckland Regional Council and sea-level rise development

Auckland City Council

Auckland City Council & Tranz Rail | ENC Auckland A028/99, 15 March 1999 1999 | Environment Court | Resource consent, groundwater, Relevance of effects on the environment
Ltd v Auckland Regional Council earthworks for seeking resource consents for

excavation earthworks

Kotuku Parks Ltd v Kapiti Coast ENC Auckland A73/2000, 13 June 2000 2000 | Environment Court | Subdivision, earthworks Resource Management Act 1991 (RMA)
District Council section 106 (restriction on subdivision
consents) and cumulative effects of
damage to indigenous fauna

Lowry Bay Residents Association ENC Wellington W45/2001, 31 May 2001 | 2001 | Environment Court | Resource consent, land use consent, | Adverse cumulative effects (including
v Hutt City Council natural hazards natural hazards) on grant of land use
consent and coastal discharge permits

Save the Bay v Canterbury Regional | ENC Christchurch C6/2001, 19 January 2001 | Environment Court | Regional plan, coastal plan, coastal Hazard zone provisions within regional
Council 2001 hazards, natural hazards coastal environmental plan
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Case name

Citation

Court

Key words

Issues under consideration

McKinlay v Timaru District Council | ENC Christchurch C24/2001, 28 February | 2001 | Environment Court | Natural hazards, existing use rights Existing use rights regarding reconstruction
2001 of a building destroyed by a natural hazard
and the role of rules in regional and district
plans
Bay of Plenty Regional Council Interim decision ENC Auckland A27/02, 2002 | Environment Court | Coastal protection area, sustainable | Variation to proposed district plan
v Western Bay of Plenty District 8 February 2002; Final decision ENC management concerning natural hazards
Council Auckland A141/2002, 5 July 2002
Skinner v Tauranga District Council | Interim decision ENC Auckland 2002 | Environment Court | District plan, coastal hazards policy, Amendments to coastal hazards provisions
A163/2002, 19 August 2002; Final hazard risk zones of proposed district plan
decision ENC Auckland A138/2004,
8 November 2004
Fore World Developments Ltd v ENC Wellington W29/06, 13 April 2006 2006 | Environment Court | Subdivision, coastal erosion Climate change information on coastal
Napier City Council erosion and use of the precautionary
approach to account for uncertainties
Re Tasman District Council [2011] NZEnvC 47 2011 | Environment Court | Plan change, coastal erosion, coastal | Immediate legal effect of rule in hazard
inundation, subdivision areas
Weir v Kapiti Coast District Council | Interim decision [2013] NZHC 3522; Final | 2013 | High Court Natural hazards, coastal hazards, Inclusion of information on potential
decision [2015] NZHC 43 land information memorandum (LIM) | erosion of land in LIMs
Carter Holt Harvey HBU Ltd v [2013] NZEnvC 25 2013 | Environment Court | Resource consent, subdivision, RMA section 106 and Policy 24 of New
Tasman District Council coastal erosion, inundation Zealand Coastal Policy Statement (NZCPS),
hazard risk to buildings and access from
coastal erosion and inundation, meaning of
‘avoidance’ of risk in relation to new
development
Mahanga E Tu Inc v Hawkes Bay Environment Court decision [2014] 2014 | Environment Court | Subdivision, land use consent, Conditions for land use and subdivision

Regional Council

NZEnvC 83; Decision on conditions [2014]
NZEnvC 248

coastal hazard zones

consents and discharge permits, accepting
risk of natural hazards
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Case name

Citation

Court

Issues under consideration

[2014] NZEnvC 245

Key words

Subdivision, resource consent,

Gallagher v Tasman District Council 2014 | Environment Court Amendments to district plan to manage
coastal erosion, inundation, district hazard risk, coastal hazard identification
plan and management, present and future risk

exposure, and application of NZCPS policies

Environmental Defence Society Inc | Supreme Court decision [2014] NZSC 38; 2014 | Supreme Court Plan change, resource consent, Interpretation of NZCPS policies, and

v The New Zealand King Salmon High Court decision [2013] NZHC 1992 outstanding coastal landscape, importance of strategic planning in giving

Company Ltd natural character areas effect to NZCPS

Coastal Ratepayers United Inc v High Court decision [2017] NZHC 2933; 2017 | High Court District plan, coastal hazards, Provisions in proposed district plan relating

Kapiti Coast District Council Environment Court decision [2017] declaration, council procedures to coastal hazard management

NZEnvC 100
Man O’War Farm Ltd v Auckland [2017] NZHC 1349 2017 | High Court District plan, coastal hazards, Legality of definition of land that may be
Council erosion, definition subject to coastal hazards in district plan;
amendments to district plan to rectify
uncertain definition

Auckland Council v Auckland [2020] NZEnvC 70 2020 | Environment Court | Resource consent, coastal marine Application of section 104 of the RMA and

Council area, NZCPS NZCPS, consent for works on part of an

esplanade reserve affected by erosion

Smith v Christchurch City Council [2022] NZEnvC 86 2022 | Environment Court | District plan, resource consent, flood, | Risk of natural hazards (flooding) to people
natural hazards, consent order and property

Federated Farmers of New Zealand | [2023] NZEnvC 220 2023 | Environment Court | Consent order, district plan, natural Natural hazards and climate change

v Waikato District Council hazards provisions in proposed district plan

Young v Attorney-General Supreme Court decision [2023] NZSC 142; | 2023 | Supreme Court Natural hazards, earthquake, Effect of natural hazards on property and

Court of Appeal decision [2022] NZCA
391; High Court decision [2021] NZHC 463

subdivision, district plan,
remediation, Crown duty to
remediate, nuisance

change in district plan, whether the Crown
had a duty to remediate these effects
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Appendix C: Dynamic adaptive
pathways planning approach and
addressing barriers to uptake

Developing an adaptive planning strategy

The dynamic adaptive pathways planning (DAPP) approach (Haasnoot et al, 2013)*° is an
exploratory model-based planning tool that helps design strategies that are adaptive and
robust over different scenarios of the future. It has been developed as an analytical and
assessment approach for making decisions under conditions of uncertainty. Effective decisions
must be made under conditions of unavoidable uncertainty (Dessai et al, 2009).

In the context of rising sea levels, where conflicting values prevail for coastal areas, the
consequences of decisions can be profound and may be impossible to reverse. This will

result in activities that are locked into the place and space, thereby reducing the ability of
decision-makers to adapt to future conditions. Costly adjustments that have distributional
consequences on different groups within society may result. Such outcomes are maladaptive.

Maladaptation is defined as actions intended to reduce the impacts of climate change but that
create more risks and vulnerability. This can include increasing greenhouse gas emissions,
disproportionately burdening the most vulnerable, creating high opportunity costs, reducing
incentives to adapt, and creating path dependency and lock-in of current development
patterns.

The DAPP approach therefore focuses on keeping multiple pathways open into the future,
which helps alleviate irreversible decisions and reduces the risk of being wrong when making
decisions in the present for long-lived assets and settlements that will be affected by climate
change impacts over their lifetime. It does this by making transparent future actions and
pathways that can be taken, should actions today prove insufficient to meet objectives. It does
this by stress-testing different options and pathways using scenarios based on different
emissions and societal conditions (see step 2 and step 6, and Climate change, sea-level rise and
coastal hazards science: Coastal hazards and climate change guidance — Supplement A).

The DAPP approach can also be used to facilitate iterative participatory decision-making
involving both decision-makers, iwi/Maori, communities and different stakeholders to identify
the things they value and thus contribute to effective decision-making. The approach is being
used by many councils, water agencies, for national park management decisions in the
transport sector and for infrastructure planning'® (see also Community engagement principles
and approaches, and practice methods: Coastal hazards and climate change guidance —
Supplement B). Their utility for implementing climate-resilient pathways for water
management in situations of uncertainty and for addressing compounding and cascading
coastal hazards and risks resulting from ongoing SLR, is particularly helpful for decision-
makers.

9 Haasnoot et al (2013) originally called DAPP ‘dynamic adaptive policy pathways’. The term ‘dynamic

adaptive pathways planning’ has been adopted in Aotearoa New Zealand for the same approach.

100 see National Science Challenge: The Deep South. A decade of dynamic adaptive decision-making tools in

New Zealand — Practice applications, lessons learned and next steps. Retrieved 25 February 2024.
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Within the DAPP approach, an adaptive planning strategy is conceptualised as short-term
actions and longer term options in a number of pathways, by using scenarios to stress-test
them against different conditions that could evolve over ‘at least 100 years’ (DOC, 2010). The
essence of the approach is to anticipate risk proactively by planning for ongoing adaptation
over time, in response to how the future actually unfolds. The DAPP approach starts from the
premise that policies and decisions have a design life and will fail as the operating conditions
change (Kwadijk et al, 2010).

Questions used in the dynamic adaptive pathways planning approach

The set of questions below is used to prompt consideration of the ongoing changing risk and
different strategies that would meet short-term and long-term adaptation objectives under
different climate change scenarios and their risk profiles.

o What are the first coastal impacts we will face as a result of climate change?
o Under what conditions will current strategies become ineffective in meeting objectives?
o When will alternative strategies be needed given that implementation has a lead time?

o What alternative options and decision pathways can be taken to achieve the same
objectives?

o How robust are the options over a range of future climate scenarios?
o Are we able to change path easily and with minimum disruption?

o What are the transfer costs, including for vulnerable groups?

The short-term actions and long-term options, alternative pathways, early signals (warning)
and triggers (decision points) before thresholds are met can be drawn using participatory
processes with technical advisors, decision-makers, iwi/Maori and communities in the
adaptation decision-making process. An example is shown in figure C.1. For details on the
application of the approach, see step 6 and the case studies in appendix A, and Community
engagement principles and approaches, and practice methods: Coastal hazards and climate
change guidance — Supplement B.

Once actions fail, additional or other actions are needed to achieve objectives, and a series of
pathways emerges. At predetermined trigger points, decisions are made as to the efficacy of
the actions and whether other options or pathways would still enable the objectives to be
achieved. Exploring different pathways and considering whether different options will lock in
exposure to hazards or create new risks, enables adjustments to be made thereby reducing
path dependency. An adaptive planning strategy can be designed that includes both short-
term actions and long-term options, creating flexible pathways into the future.

The DAPP approach is monitored for signals that give warnings and triggers that indicate when
the next step of a pathway should be implemented or whether reassessment of the adaptive
planning strategy is needed. The signals and triggers can be physical processes, economic,
social or culturally defined indicators that reflect the tolerability of the adverse consequences
by the community affected by the sea-level rise or coastal hazard.
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Figure C.1: Example of a pathways map
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Source: Adapted from Haasnoot et al (2013); Hermans et al (2017)

The resulting pathways can be tested for robustness with respect to a number of assumptions
and parameters, for example: different climate change scenarios (using sea-level rise
projections or hazard assessments set out in step 2); the sensitivity to discount rate; earlier or
later decision review dates, and variations in the costs of the adaptation options and in
expected losses. The more scenarios across a range of future conditions and indicators of
sensitivity tested, the more robust the decisions will be. Robustness here means objectives can
be reached under a range of different futures. Robustness tests can be done on a number of
complementary options; for example, structural options may become unaffordable and may
need to be supported by planning and regulatory options, targeted rates and insurance to
reach desired objectives.

When applied to flood adaptation planning in the Hutt River catchment (see Community
engagement principles and approaches, and practice methods: Coastal hazards and climate
change guidance — Supplement B), it was noted that the annual exceedance probabilities
(AEPs) and related river flows were based on Poisson distributions, which assume a known
mean and variance, even though the historic record is too short to establish these reliably. A
form of conjugate or extreme value distribution may better reflect the uncertainty around the
mean and variance. This is one reason why, for SLR assessments as set out in this guidance, it is
important to test for robustness and earlier onset using the upper-end SSP5-8.5 H+ SLR
projection (step 2) as well as testing different SLR increments for the sensitivity of actions and
options, thereby better reflecting the upper-end uncertainty.

Strategies for addressing barriers to dynamic adaptive
pathways planning uptake

Since 2013, uptake of DAPP in Aotearoa New Zealand has gone through several stages and is
now being used in a diversity of settings, with a few applications now reaching implementation
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(Lawrence, 2023). The uptake of DAPP went through three stages: creating interest, increasing
awareness with serious games and experimenting in real-life settings (Lawrence and Haasnoot,
2017). Learning over this time has indicated that institutional and technical barriers can
impede uptake. Many can be avoided through careful preparation and maintaining flexibility
throughout the process by asking the questions listed in the above section.

Avoid rushing the process. Follow a timeframe that ensures stakeholders can engage in the
process and understand dynamic adaptive concepts.

Serious games can give stakeholders and decision-makers experience in making a plan over
100 years in a safe environment, where they receive feedback on their decision choices and
learn about the consequences of those decisions. Background about and different types of
serious games is set out in Community engagement principles and approaches, and practice
methods: Coastal hazards and climate change guidance — Supplement B. This will help reduce
some of the observed institutional barriers.

Tailor the process to the available information and expertise. Bear in mind that DAPP is
primarily an approach for developing adaptive pathways and can be conducted at any level of
detail. It is not a prescriptive method.

e Use DAPP-lite to scope priorities, information and engagement gaps for more detailed
assessment.

e Complex model-based DAPP analyses are only one end of the spectrum.

e Thoroughly investigate all approaches and explore possibilities to link disparate datasets,
risk assessments and cascade mapping. This can result in meaningful insights for informing
adaptive decision-making.

Table C.1 outlines strategies for addressing institutional and technical barriers to the uptake
of DAPP.
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Table C.1:

Stage of DAPP implementation

Institutional barriers

Technical barriers

Strategies for addressing barriers to dynamic adaptive pathways planning (DAPP) uptake and implementation of the DAPP plan

Strategies to overcome barriers

Overcoming initial inertia to the uptake of
DAPP in an uncertain context

Short project timeframes can make it
difficult for stakeholders to invest in the
DAPP process and its outcomes.

Entrenched views can exist within
institutions on how coastal flood
management should be approached.

Short-term council functions prioritise
short- over long-term strategic thinking.

Difficult to get mutual commitment from
stakeholders.

Assumption that local government action
on climate change will reduce central
government assistance with adaptation.

Lack of knowledge about DAPP and its
application as an analytical approach that
can encompass engagement processes.

Lack of capability to adopt new tools.

Preparation — understand the differences between
commonly used static hazard risk management
practices under changing climate that require use
of the DAPP approach.

Preparation — mandate long-term strategy
champions within organisations.

Preparation — establish clear governance
strategies at the beginning of the DAPP process.

Preparation — create space for clear ownership of
the DAPP process to develop amongst
stakeholders and managers.

Preparation — ensure roles and responsibilities are
shared equitably among all stakeholders to
facilitate long-term buy-in.

Preparation — appoint ‘knowledge brokers’ to
facilitate a common understanding of process and
its components.

Preparation — develop partnerships with
iwi/hapa.

Using models to investigate the
effectiveness of adaptation options to form
the basis for developing adaptation plans

Lack of investment in locally relevant
models.

Poor understanding of available data due
to isolated knowledge within institutions.

Mistrust of the ability of ‘simple’ models
and workshop processes to provide useful
information.

Limited or inaccurate data on physical
characteristics of coastal hazard and
extreme events, assets at risk, and impact
of options.

Unsure how to blend qualitative
information and workshop deliberations
with quantitative data (eg, RiskScape).

Unclear how available data can address
deep uncertainty problems (eg, monitoring
plans, triggers and scenarios).

Preparation — develop a detailed overview of
available models, data and how these might be
used before starting this stage of DAPP
development, including in developing options for
Maori whenua and facilities, cultural sites and for
implementation to acknowledge te Tiriti o
Waitangi obligations, governance.

Flexibility — tailor the type of DAPP process with
the amount and quality of data available (eg, basic
scorecard when there is limited information
available versus complex model-informed decision
pathways).
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Stage of DAPP implementation

Institutional barriers

Technical barriers

Strategies to overcome barriers

Flexibility — pool resources across organisations to
maximise useful data and possible modelling
options.

Serious games — a useful way to communicate
model processes, demonstrate the long-term
effects of decisions, and build model and team
trust.

Flexibility — use a range of metrics (economic,
social, cultural and environmental) to show the
efficacy of adaptation plans.

Preparation and flexibility — develop monitoring
plans and triggers, using several scenarios to test
them, use several different indicators to cover
local (eg, Mean Annual Flood, Expected Annual
Damage), national (eg, sea level and extreme
event trends) and global (eg, atmospheric
circulation patterns) scales.

Incorporating adaptation plans within
policy frameworks and measures

Ability of individuals or communities to
block implementation.

Ongoing monitoring costs.

Lack of long-term strategic policy at local
government level.

Preparation — early collaboration to build buy-in
with all relevant stakeholders and communities
will minimise the likelihood of push-back at the
implementation stage.

Preparation — monitoring frameworks are a
necessary investment so that adaptation plans can
be adjusted before highly damaging events occur.

Preparation — new local-level policy that focuses
on proactive management will enable adaptation
plans to become embedded.

Source: Adapted from Lawrence et al, 2020b
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Appendix D: Baseline mean sea
level for locations around
Aotearoa New Zealand

Sea-level rise projections in this guidance and the NZ SeaRise platform,*? in line with global

projections in the Intergovernmental Panel on Climate Change Sixth Assessment Report (Fox-
Kemper et al, 2021), are relative to a zero baseline of the 20-year period 1995-2014, with a
mid-point of 2005. Therefore, the local relative sea-level rise projections should be added to
the local or regional mean sea level (MSL), which has been averaged, where possible, over the
same baseline period (1995-2014). This ‘grounds’ the future sea level projections to a local
vertical datum of the region or preferably the national New Zealand Vertical Datum 2016
(NZVvD-2016) (figure D.1).

Figure D.1: Schematic of ‘present’ mean sea level and relationship to various vertical datums and
additional sea-level rise

HAT
MHWS

NIVD 2016

F o S D

Note: Local Vertical Datum is specific to each region(s) and is superseded by a national New Zealand Vertical Datum
(NZVD-2016). HAT = highest astronomical tide; LAT = lowest astronomical tide; MHWS = mean high water spring
tide.

Table D.1 lists the average MSL over the 20-year baseline period 1995-2014 (or the nearest
available record over several years) for sites around Aotearoa New Zealand, relative to the
national NZVD-2016.1%2

101 Nz SeaRise. Our maps. Retrieved 25 February 2024.

102 see Land Information New Zealand. New Zealand Vertical Datum 2016 (NZVD2016). Retrieved
25 February 2024.
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For example, at Gisborne, using table D.1, a 1 metre sea-level rise projection would raise the
MSL to an elevation of 1 + (—0.14) metres = 0.86 metres relative to NZVD-2016. Storm tide
water levels would then be added to these future MSL elevations in the relevant datum.

Table D.1:  Mean sea level (MSL) at Aotearoa New Zealand locations averaged over the
approximate 1995-2014 baseline (used by IPCC) for adding on -sea-level rise projections

Gauge site Averaging period (available data) MSL (m; NZ Vertical Datum 2016)
Auckland (Waitemata) 1996-2014 -0.20
Wellington 1996-2014 -0.15
Lyttelton (post-quake) 1996-2014 -0.25
Dunedin 1996-2014 -0.26
Marsden Point 1996-2014 -0.16
Onehunga 2001-2014 -0.06
Tararu (Thames) 2001-2014 -0.18
Moturiki Island 1996-2014 -0.10
Tauranga 1996-2014 -0.08
Gisborne 2004-2014 -0.14
Napier 1999-2014 -0.16
Port Taranaki 1996-2014 -0.14
Nelson 1996-2014 -0.24
Picton 2005-2008 -0.12
Westport 1999-2012 -0.080
Timaru 2002-2014 -0.13
Port Chalmers 2000-2014 -0.31
Bluff 1998-2014 -0.19

Note: Mean sea level is only provided in terms of the NZVD-2016 national datum and is mostly available for a
19-year nodal tidal period from 1996-2014 from Land Information New Zealand. See below for resources to convert
to a historic local vertical datum. The baseline period varies somewhat due to availability of data.

Sources: G Rowe, Land Information New Zealand, pers. comm. and R Bell.

As sea level rises, the updated average MSL can be tracked relative to the baseline MSL in
table D.1. This can be done by analysing recent annual MSL from the nearest gauge data or
from the Land Information New Zealand (LINZ) website, which is updated annually (usually for
a 19-year averaging period). These updated MSL values for standard ports are listed in the LINZ
Nautical Almanac or provided at www.linz.govt.nz/sea/tides/tide-predictions/standard-port-
tidal-levels. The periods of observation for MSL are at www.linz.govt.nz/sea/tides/tide-
predictions/standard-port-periods-observation.

These published MSL values by LINZ are relative to the port chart datum (which is around

the lowest low tide) or otherwise the gauge zero datum. In this case, an offset needs to be
subtracted from the measured MSL for the various gauges (at chart datum or tide gauge
datum) to convert these MSL values into a level relative to NZVD-2016. Offsets to apply can be
determined using the NZVD-2016 elevations of the survey benchmark used to define a regional
chart datum. Benchmark levels over time are available from the LINZ Geodetic Database
(www.geodesy.linz.govt.nz/gdb/?mode=gmap), which needs to be pieced together with the
height of the benchmark above chart datum (www.linz.govt.nz/guidance/marine-
information/tide-prediction-guidance/standard-port-datum-descriptions).
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Resources

Instructions for converting between vertical datums (LINZ): www.linz.govt.nz/data/geodetic-
services/coordinate-conversion/online-conversions/instructions-for-carrying-out-online-
height-conversions

Online vertical height conversions:
https://www.geodesy.linz.govt.nz/concord/index.cgi?Advanced=2
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