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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,1 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 programmeΩǎ 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. 

 
1  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:  

ω 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)2 projections3  

ω advances in knowledge relating to the types of coastal hazards and how they cascade and 

compound the effects on the coast  

ω improved guidance on vulnerability and risk assessment methodology and monitoring 

adaptive pathways for adaptation plans 

ω 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 ς and of the projected and observed impacts, 

adaptation and vulnerability ς 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 ς 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) ς 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.  

  

 
2  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). 

3  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 

ŀƭƻƴƎǎƛŘŜ ƛǘ ŀǎ ŀ ŎƻƳǇŀƴƛƻƴ ŘƻŎǳƳŜƴǘΦ   

Guidance abbreviations and terminology  

This guidance uses many terms in a defined way that is specific to this subject matter 

όŜȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜ ΨŀŘŀǇǘŀǘƛƻƴΩΣ ΨŘȅƴŀƳƛŎ ŀŘŀǇǘƛǾŜ ǇŀǘƘǿŀȅǎ ǇƭŀƴƴƛƴƎΩΣ ΨǇǊƻƧŜŎǘƛƻƴΩΣ ΨǎŎŜƴŀǊƛƻΩΣ 

ΨǳƴŎŜǊǘŀƛƴǘȅΩΣ ΨǾǳƭƴŜǊŀōƛƭƛǘȅΩύΦ tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ ǘƘŜ 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.  

ω What is happening? 

ω What matters most? 

ω What can we do about it? 

ω How can we implement the strategy? 

ω How is it working? 

Figure 1:  Ten-step decision cycle 

 

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

Supplements  

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

ω Climate change, sea-level rise and coastal hazards science: Coastal hazards and climate 

change guidance ς Supplement A 

ω Community engagement principles and approaches, and practice methods: Coastal hazards 

and climate change guidance ς Supplement B. 
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Part A: What is happening?  

Step 1: Set the context and 

prepare  

 

1.1 Role s 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 ς and council assets and services ς to manage and adapt to the increasing coastal 

hazards and risks from climate change.4 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. 



 

14 Coastal hazards and climate change guidance  

One of the enduring questions local government faces is how to continue to achieve the 

ŀǎǇƛǊŀǘƛƻƴǎ ŀƴŘ ǾŀƭǳŜǎ ƻŦ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ƛǿƛκƘŀǇǹΣ ǿƘƛƭŜ ƳŀƴŀƎƛƴƎ Ǌƛǎƪ 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 ǿƛǘƘ ŀŦŦŜŎǘŜŘ ŎƻƳƳǳƴƛǘƛŜǎΣ ƛǿƛκƘŀǇǹ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ŘǳǊƛƴƎ 

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:  Relationship between key instruments for managing natural hazards in the Aotearoa 

New Zealand coastal environment 

 

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 ǇƭŀƴΩǎ ǎǳōŘƛǾƛǎƛƻƴ ǇǊƻǾƛǎƛƻƴǎΦ Section 35(5)(j) 

of the RMA outlines the duty of local councils to keep records of natural hazards.  

https://www.legislation.govt.nz/act/public/1991/0069/latest/DLM230265.html
https://www.legislation.govt.nz/act/public/1991/0069/latest/DLM230265.html
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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.5 

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 

ǊŜǉǳƛǊŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀǊŜŀǎ άǇƻǘŜƴǘƛŀƭƭȅ ŀŦŦŜŎǘŜŘέΣ άǘŀƪƛƴƎ ƛƴǘƻ ŀŎŎƻǳƴǘ ƴŀǘƛƻƴŀƭ 

guidance6 and the best available information on the likely effects of climate change 

ƻƴ ǘƘŜ ǊŜƎƛƻƴ ƻǊ ŘƛǎǘǊƛŎǘέ όtƻƭƛŎȅ нп, 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). 

/ƭƛƳŀǘŜ /ƘŀƴƎŜ wŜǎǇƻƴǎŜ 

!Ŏǘ 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.7 

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). 

 
5  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). 

6  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. 

7  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. 

https://www.doc.govt.nz/about-us/science-publications/conservation-publications/marine-and-coastal/new-zealand-coastal-policy-statement/new-zealand-coastal-policy-statement-2010/
https://www.doc.govt.nz/about-us/science-publications/conservation-publications/marine-and-coastal/new-zealand-coastal-policy-statement/new-zealand-coastal-policy-statement-2010/
https://www.legislation.govt.nz/act/public/2002/0040/latest/DLM158584.html
https://www.legislation.govt.nz/act/public/2002/0040/latest/DLM158584.html
https://environment.govt.nz/acts-and-regulations/national-planning-standards/
https://environment.govt.nz/acts-and-regulations/national-planning-standards/
https://environment.govt.nz/publications/national-adaptation-plan-and-emissions-reduction-plan-resource-management-act-1991-guidance-note/
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Policy instrument Effects on coastal hazard management 

Local Government Act 

2002 (LGA) 

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 planΦ C5{Ωǎ ŦƻǊƳ ǘƘŜ ōŀǎƛǎ ŦƻǊ ƛƴǘŜƎǊŀǘŜŘΣ 

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 άΧŀ ǇǊƻǾƛǎƛƻƴ ŦƻǊ ŦƭƻƻŘ ƭŜǾŜƭ ŘŜǎƛƎƴ 

estimate imprecision, construction tolerances, and natural phenomena (such as 

waves, debris, aggradations, channel transition, and bend effects) not explicitly 

included in the calculationsέ (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)). 

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
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Policy instrument Effects on coastal hazard management 

Marine and Coastal Area 

(Takutai Moana) Act 2011  

and  

bƎņ wƻƘŜ aƻŀƴŀ ƻ bƎņ 

IŀǇǹ ƻ bƎņǘƛ tƻǊƻǳ !Ŏǘ 

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 bƎņ wƻƘŜ aƻŀƴŀ ƻ bƎņ IŀǇǹ ƻ bƎņǘƛ tƻǊƻǳ Act gives effect to the deed of 

ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ƴƎņ ƘŀǇǹ ƻ bƎņǘƛ tƻǊƻǳ ŀƴŘ ǘƘŜ /Ǌƻǿƴ. The Act also 

contributes to the legal expression, protection and recognition of the continued 

ŜȄŜǊŎƛǎŜ ƻŦ Ƴŀƴŀ ōȅ ƴƎņ ƘŀǇǹ ƻ bƎņǘƛ tƻǊƻǳ in relation to their ƴƎņ ǊƻƘŜ Ƴƻŀƴŀ 

(s3), which are areas identified in Schedule 2 and include coastal marine areas.  

Iwi Management Plans 

(IMPs) 

IMPs are prepared and approved ōȅ ƛǿƛΣ ƛǿƛ ŀǳǘƘƻǊƛǘȅΣ ǊǹƴŀƴƎŀ ƻǊ ƘŀǇǹ for resource 

management matters, including natural hazards. IMPs identify the issues of 

ƛƳǇƻǊǘŀƴŎŜ ǘƻ ƛǿƛ ƻǊ ƘŀǇǹ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǳǎŜ ƻŦ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ǿƛǘƘƛƴ ǘƘŜƛǊ ǊƻƘŜ 

ŀƴŘ ŀǊŜ ǳƴŘŜǊǇƛƴƴŜŘ ōȅ ƳņǘŀǳǊŀƴƎŀ aņƻǊƛΦ ¢ƘŜǎŜ ŘƻŎǳƳŜƴǘǎ ǇǊƻǾƛŘŜ ŀ 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 Description 

Sustainability and resilience 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 

ǘƘŜ Ǌƛǎƪ ƻŦ άǎƻŎƛŀƭΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ ƘŀǊƳέ ŦǊƻƳ Ŏƻŀǎǘŀƭ ƘŀȊŀǊŘǎ ŀƴŘ 

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 

ŀǾƻƛŘ ƻǊ ƳƛƴƛƳƛǎŜ ƭƻǎǎ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀƭǳŜǎ ƻǊ ǉǳŀƭƛǘȅ ƻǾŜǊ ǘƛƳŜΦ IŀǇǹκƛǿƛ 

assert their right to own, control and manage their ancestral lands and 

territories, waters and other resources. 

https://www.legislation.govt.nz/act/public/2011/0003/latest/DLM3213131.html
https://www.legislation.govt.nz/act/public/2011/0003/latest/DLM3213131.html
https://www.legislation.govt.nz/act/public/2019/0019/latest/LMS16679.html
https://www.legislation.govt.nz/act/public/2019/0019/latest/LMS16679.html
https://www.legislation.govt.nz/act/public/2019/0019/latest/LMS16679.html


Step 1: Set the context and prepare 

 Part A: What is happening? 19 

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 

disclosure 

Local government is expected to act within normal codes of financial 

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 Mƃori lens 

!ǇǇƭȅƛƴƎ ŀ ǘŜ ŀƻ aņƻǊƛ ƭŜƴǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ aņƻǊƛ ǾŀƭǳŜǎ are essential to managing and 

adapting to the impacts of climate change for Aotearoa. Upholding the principles of te Tiriti 

o Waitangi8 is a central aspect of the long-term adaptation strategy, as outlined in the national 

adaptation plan (MfE, 2022a). !ǇǇƭȅƛƴƎ ŀ ǘŜ ŀƻ aņƻǊƛ ƭŜƴǎ means developing adaptation 

ǊŜǎǇƻƴǎŜǎ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ aņƻǊƛΣ ŜƭŜǾŀǘƛƴƎ ǘŜ ŀƻ aņƻǊƛ ŀƴŘ ƳņǘŀǳǊŀƴƎŀ aņƻǊƛ ƛƴ ǘƘŜ 

ŀŘŀǇǘŀǘƛƻƴ ǇǊƻŎŜǎǎ ŀƴŘ ŜƳǇƻǿŜǊƛƴƎ aņƻǊƛ ƛƴ ŀŘŀǇǘŀǘƛƻƴ ǇƭŀƴƴƛƴƎ ŦƻǊ aņƻǊƛ ōȅ aņƻǊƛΦ  

aņǘŀǳǊŀƴƎŀ aņƻǊƛ ǊŜǇǊŜǎŜƴǘǎ ŀ ǾŀƭǳŀōƭŜ ǊŜŎƻǊŘ ƻŦ 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 ŀƴŘ ŜƳǇƻǿŜǊƛƴƎ aņƻǊƛ, for example, through 

weaving te ao aņƻǊƛ ǇŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ ƳņǘŀǳǊŀƴƎŀ ǿƛǘƘ Western science in a community- and 

marae-based environment and partnering in co-designed projects.  

Applying ŀ ǘŜ ŀƻ aņƻǊƛ ƭŜƴǎ ƛƴ the response to climate change can yield innovative solutions to 

ŎƻƳǇƭŜȄ ǇǊƻōƭŜƳǎΦ 9ƳǇƻǿŜǊƛƴƎ aņƻǊƛ ǎƻ ǘƘŜȅ Ŏŀƴ ŎŀǊǊȅ ƻǳǘ 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 

ǘƘǊƻǳƎƘ ǘŜ ŀƻ aņƻǊƛ ǾŀƭǳŜǎΣ ŎƻƴŎŜǇǘǎ ŀƴŘ ǇǊactices, 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 

ƳŀƴŀƎŜǊǎΣ ƻǿƴŜǊǎΣ ƎǳŀǊŘƛŀƴǎ ŀƴŘ ƎƻǾŜǊƴƻǊǎ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΣ aņƻǊƛ Ŏŀƴ 

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. aņǘŀǳǊŀƴƎŀ aņƻǊƛ, at a 

ƘŀǇǹ ŀƴŘ ƛǿƛ ƭŜǾŜƭ, will be critical to informing local and central government climate 

adaptation responses (MfE, 2022a). 

 
8  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 

¢Ŝ tǳƴƛ YǁƪƛǊƛ ό¢Ŝ tǳƴƛ YǁƪƛǊƛΣ нллнύΦ 

https://www.waitangitribunal.govt.nz/treaty-of-waitangi/principles-of-the-treaty
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aņƻǊƛ ŀǎ ǘŀƴƎŀǘŀ ǿƘŜƴǳŀ όǇŜƻǇƭŜ ƻŦ ǘƘŜ ƭŀƴŘύ ŀƴŘ ƪŀƛǘƛŀƪƛ ƻŦ ǘƘŜƛǊ ŀƴŎŜǎǘǊŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ 

landscapes are disproportionally affected by climate change impacts on the natural 

environment for social, ŜŎƻƴƻƳƛŎΣ ŎǳƭǘǳǊŀƭ ŀƴŘ ǎǇƛǊƛǘǳŀƭ ǊŜŀǎƻƴǎΦ /ŜǊǘŀƛƴ ǿƘņƴŀǳΣ ƘŀǇǹ ŀƴŘ ƛǿƛ 

ǿƛƭƭ ōŜ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅ ŀŦŦŜŎǘŜŘΣ ŀǎ ǿƛƭƭ aņƻǊƛ ƛƴǘŜǊŜǎǘǎΣ ǾŀƭǳŜǎΣ ǇǊŀŎǘƛŎŜǎ ŀƴŘ ǿŜƭƭōŜƛƴƎΦ ¢ƘŜ 

Ihirangi report (Ihirangi, 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 ōŜŎŀǳǎŜ Ƴŀƴȅ aņƻǊƛ ǇƻǇǳƭŀǘƛƻƴǎΥ  

ω have strong connections to the whenua in terms of sustenance, relationship and identity 

ω live close to the coast, or in isolated, often impoverished communities 

ω have less access to data and information about climate change 

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

territories  

ω are heavily invested in primary industries that will be highly affected by climate disruption 

or mitigation measures 

ω already have a high volume of inadequate housing 

ω are already experiencing environmental stress, water source pollution, degradation, 

overallocation or diversion of water 

ω experience engagement challenges from large pockets of socially and culturally 

disconnected tribal citizens, as urbanisation disperses the iwi/ƘŀǇǹ population. 

Sea-ƭŜǾŜƭ ǊƛǎŜ ǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴŎŜǊƴ ŦƻǊ ƘŀǇƻǊƛ aņƻǊƛ όaņƻǊƛ ŎƻƳƳǳƴƛǘƛŜǎύΣ ǇŀǊǘƛŎǳƭŀǊƭȅ 

ǘƘƻǎŜ ǊŜǎƛŘƛƴƎ ƛƴ Ŏƻŀǎǘŀƭ ŀǊŜŀǎΦ !ǇǇǊƻȄƛƳŀǘŜƭȅ мп ǇŜǊ ŎŜƴǘ ƻŦ aņƻǊƛ ƘƻǳǎŜƘƻƭŘǎ ŀǊŜ ƛƴ ŀǊŜŀǎ 

highly susceptible to coastal inundation due to projected sea-ƭŜǾŜƭ ǊƛǎŜ ό¢Ŝ tǳƴƛ YǁƪƛǊƛΣ нлноύΦ 

These findings bring attention to the significance of acknowledging and effectively addressing 

ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ŀƴŘ Ǌƛǎƪǎ ŜȄǇŜǊƛŜƴŎŜŘ ōȅ aņƻǊƛ ƘƻǳǎŜƘƻƭŘǎ ǊŜǎƛŘƛƴƎ ƛƴ Ŏƻŀǎǘŀƭ ŀǊŜŀǎΦ In 

particular, it highlights that ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŀǊŜ ƳƻǊŜ ǇǊƻƴƻǳƴŎŜŘ ŦƻǊ ƻƭŘŜǊ aņƻǊƛ ƘƻǳǎŜƘƻƭŘǎΣ 

necessitating greater adaptability measures. It underscores the need for targeted strategies, 

well-planned interventions, and continuous assessments to safeguard the resilience and 

wellbeing of ǘƘƛǎ ƎǊƻǳǇ ό¢Ŝ tǳƴƛ YǁƪƛǊƛΣ нлноύΦ  

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 

resourcesΦ ¢ƘŜǎŜ ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ŀǊŜ ŀŦŦŜŎǘƛƴƎ aņƻǊƛ ǿƘƻ ƴƻǿ ƭƛǾŜ ƛƴ ƻǊ ƴŜŀǊ ǾǳƭƴŜǊŀōƭŜ 

locations, such as at the coast and adjacent low-lying land (MfE and Stats NZ, 2023). 

Despite being disproportionately affected, many aņƻǊƛ ŎƻƳƳǳƴƛǘƛŜǎ ŀǊŜ ŀƭǊŜŀŘȅ ǇƭŀƴƴƛƴƎΣ 

ƛƳǇƭŜƳŜƴǘƛƴƎ ŀƴŘ ƭŜŀŘƛƴƎ ŎƭƛƳŀǘŜ ƛƴƛǘƛŀǘƛǾŜǎ ŀǘ ǇƭŀŎŜΦ aņƻǊƛ ŎƻƳƳǳƴƛǘƛŜǎ ƭŜŘ ŜŦŦƻǊǘǎ ŦƻǊ 

recovery responses in severe weather events in 2023 and are often seen as leaders for 

adaptation and recovery work at place. 9ȄŀƳǇƭŜǎ ƻŦ aņƻǊƛ-led climate action initiatives are 

outlined in ǘƘŜ aƛƴƛǎǘǊȅΩǎ Community-led retreat and adaptation funding: Issues and options 

(MfE, 2023a). 
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Rauora Framework 

The Rauora FǊŀƳŜǿƻǊƪ ŀƛƳǎ ǘƻ ǇǊƻƳƻǘŜ ǘǊŀƴǎŦƻǊƳŀǘƛǾŜ ǎǘǊŀǘŜƎƛŜǎ ōȅ ǇǊƻǾƛŘƛƴƎ ƳņǘŀǳǊŀƴƎŀ-

ŎŜƴǘǊƛŎ ƎǳƛŘŀƴŎŜ ǘƻ ōƻǘƘ aņƻǊƛ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ƴŀǘƛƻƴŀƭ climate change responses 

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

climate approaches through an Indigenous lens (Ihirangi, 2021). The framework offers a 

ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŦǊƻƳ ŀ aņƻǊƛ ǎǘŀƴŘǇƻƛƴǘΣ ƎǳƛŘƛƴƎ aņƻǊƛ ƛƴ 

ǘŀŎƪƭƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ŜȄƛǎǘƛƴƎ ƭƛǘŜǊŀǘǳǊŜ ƻƴ aņƻǊƛ ǇŜǊǎǇŜŎǘƛǾŜǎ 

of climate change (Areta, 2023).  

1.2 Set the context  and prepare  

1.2.1 Coastal hazards and c limate 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 ς Supplement A).  

¢ƘŜ ǘŜǊƳ ΨƘŀȊŀǊŘΩ ƛǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ƎǳƛŘŀƴŎŜ ǘƻ ŘŜǎŎǊƛōŜ 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 valueΦ ¢ƘŜ ΨƘŀȊŀǊŘΩ ŎƻƳǇƻƴŜƴǘ ƻŦ Ǌƛǎƪ ƛƴ ŀ ŎƘŀƴƎƛƴƎ 

climate for coastal areas can be related to either: 

ω a 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 

ω a progressive change to the coastal environment,9 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: 

ω coastal erosion and coastal instability caused by coastal processes, storms, SLR and 

changes in long-term sediment processes.  

ω coastal flooding caused by storms and changed climatic conditions, or progressive 

inundation from high tides, all exacerbated by ongoing SLR.  

ω rising groundwater (including compound flood hazards) and progressive salinisation in 

coastal areas and inland low-lying coastal plains.  

 
9  Policy 1, NZCPS and DOC guidance note (DOC, 2010, 2017). Combining Policy 1 and policies 24ς25, the 

DOC (2017) guidance note states (p 15) that Policy 1(2)(d) can be interpreted as meaning all areas 

identified as άpotentially affected by coastal hazards over at least the next 100 yearsέ should be included 

ǿƛǘƘƛƴ ǘƘŜ ΨŎƻŀǎǘŀƭ environmentΩ, for which the NZCPS applies.  
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These hazards will generate cascading direct and indirect impacts on coastal systems and 

human wellbeing.10 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  ²ŜƭƭōŜƛƴƎ ŘƻƳŀƛƴǎΣ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ŦƻǳǊ ŎŀǇƛǘŀƭǎ ƻŦ ¢ǊŜŀǎǳǊȅΩǎ [ƛǾƛƴƎ {ǘŀƴŘŀǊŘ CǊŀƳŜǿƻǊƪ ŀƴŘ ǘƘŜ 

bŀǘƛƻƴŀƭ 5ƛǎŀǎǘŜǊ wŜǎƛƭƛŜƴŎŜ {ǘǊŀǘŜƎȅ όb9a!Σ нлмфύΣ ƛƴŎƭǳŘŜΥ ǎƻŎƛŀƭΣ ǘŜ ŀƻ aņƻǊƛΣ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΣ 

built environments, economic, and governance. 

bookmark://figure3/
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Figure 3:  Climate change driven hazards that generate coastal impacts 

 

Note: Tide range may change in estuaries, harbours and lowland tidal rivers if sedimentation is not able to keep up 

with RSLR.  

Source: Adapted from figure 13 of Bell et al (2001) 
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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 

ƘƛƎƘŜǎǘ ōǳƛƭŘƛƴƎ ŜȄǇƻǎǳǊŜ ƛǎ ƛƴ /ŀƴǘŜǊōǳǊȅΣ IŀǿƪŜΩǎ .ŀȅ ŀƴŘ .ŀȅ ƻŦ tƭŜƴǘȅΦ ²ŀƛƪŀǘƻ ŀƴŘ 

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  

 

Note: A 1 per cent annual exceedance probability event has a 1 in 100 chance of occurring in any one year. 

Source: Bailey-Winiata (2021), Paulik et al (2020, 2023) 
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1.2.2  Coastal adaptation and m anaging  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/ƘŀǇǹ ǇŀǊǘƴŜǊǎ 

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 ƘŀȊŀǊŘ ŀǎǎŜǎǎƳŜƴǘǎ ŀƴŘ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ŎƻƳƳǳƴƛǘƛŜǎΣ ƛǿƛκƘŀǇǹ 

partners and stakeholders. This assessment should take community and iwi/hapǹ 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 (ISO, 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: 

ω ΨǘŜǎǘƛƴƎΩ 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 

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

ω Ψstress-testingΩ 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). 

https://www.iso.org/obp/ui/#iso:std:iso:14090:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:ts:14092:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:14091:ed-1:v1:en
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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 capacity11 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.  

 
11  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 II: Glossary). 



 

28 Coastal hazards and climate change guidance  

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 options12 

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). 

ω 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.  

ω 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.  

ω Protect: Stay in place and manage the hazard by defending the shoreline. For example, 

maintaining or enhancing natural buffers (dunes, estuaries ς see box 12), hard structures 

(seawalls, rock revetments13), soft engineering (renourishment, geotextile, sand tubes), 

tidal gates, pumps, and planting vegetation to support land accretion.  

ω 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. 

!ƭǎƻ ŀǇǇƭƛŜǎ ǘƻ ΨƳŀƴŀƎŜŘ ǊŜŀƭƛƎƴƳŜƴǘΩ ōȅ ŘŜƭƛōŜǊŀǘŜ ōǊŜŀŎƘƛƴƎ ƻǊ ǊŜƳƻǾŀƭ ƻŦ ŎŀǳǎŜǿŀȅǎ ƻǊ 

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.14 Only 

avoidance and retreat strategies provide permanent reduction of risk.  

Figure 5:  Types of adaptation options and actions 

 

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 ƭŀǊƎŜƭȅ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜŎƻƴƻƳȅΣ ŜƴŜǊƎȅ ǳǎŜΣ 

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, ΨdeepΩ 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: 

ω the emissions pathway that eventuates 

ω polar ice-sheet dynamics and instabilities15 

ω 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 subsidence16), 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 (ICCI, 2023) 

16  See notes for table 6. 
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BOX 1: COASTS POSE A SPECIAL CASE FOR ADAPTATION  

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 ΨpermanentΩ 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 

 

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 Ψdynamic adaptive pathways planningΩ (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. 
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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 signals17 that warn a 

change is occurring. A predetermined trigger18 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 т ƛƴŎƭǳŘŜǎ ΨaŘǾŀƴŎŜΩ ŀǎ ŀƴ ŀŘŀǇǘŀǘƛƻƴ 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 

 

1.  Successful pilot, lack of development space triggers advance, or protect due to lack of support, time or finance. 

2.  Preference for nature-based solutions. 

3.  Unaffordable, salinisation, pumping limit, lack of support. 

4.  Unaffordable, pumping limit, lack of time, support, knowledge, material. 

5.  Warming, limited space, human pressures, frequent flooding require additional measures. 

6.  Hybrid strategy. 

7.  Frequent flooding, flooding creates access problems. 

8.  Warming, limited space, human pressures, frequent flooding. 

9.  Unaffordable, salinisation, pumping limit, lack of support. 

10.  Long lead time to align with social goals and ensure just outcomes. 

11.  Lack of acceptance and equity triggers shift. 

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 

ǿƛǘƘ ƛǿƛκƘŀǇǹ. 

tŀǊǘƴŜǊ ǿƛǘƘ Ƴŀƴŀ ǿƘŜƴǳŀ ŜŀǊƭȅ ǘƻ ǿŜŀǾŜ ƛƴ ǘŜ ŀƻ aņƻǊƛ ǇŜǊǎǇŜŎǘƛǾŜǎΦ 

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. 

{ŜŜƪ ƻǳǘ ƭƻŎŀƭ ƪƴƻǿƭŜŘƎŜΣ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ƻōǎŜǊǾŜŘ ŎƘŀƴƎŜǎΣ ƳņǘŀǳǊŀƴƎŀ 

aņƻǊƛΣ ŀƴŘ ǿƘŀǘ ǇŜƻǇƭŜ ǾŀƭǳŜ ŀōƻǳǘ ǘƘŜ ŀǊŜŀΦ 

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: 

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

(enabling) skills required 

ω necessary core knowledge (eg, technical expertise, planning and policy, infrastructure, 

ƛǿƛκƘŀǇǹ ƪƴƻǿƭŜŘƎŜΣ ǎƻŎƛŀƭ ǎŎƛŜƴŎŜ ǘŜŎƘƴƛǉǳŜǎΣ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ Ǉƻǎǎƛōƭȅ ƛƴŘŜǇŜƴŘŜƴǘ 

facilitation skills) 
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ω 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 ǇǳōƭƛŎΣ ǎǘǊƻƴƎ ƛǿƛκƘŀǇǹ 

relationships and links. 

Knowledge sets Coastal management, coastal hazards, planning and policy, civil defence and 

emergency management, legal, economics, community engagement, facilitation, 

ƛǿƛκƘŀǇǹ ŜƴƎŀƎŜƳŜƴǘ ǇǊƻǘƻŎƻƭǎ ŀƴŘκƻǊ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎΣ Indigenous knowledge like 

ƳņǘŀǳǊŀƴƎŀ aņƻǊƛΣ ōƛƻŘƛǾŜǊǎƛǘȅΣ ǊƻŀŘǎ ŀƴŘ ǘǊŀƴǎǇƻǊǘΣ ŀǎǎŜǘ ƳŀƴŀƎŜƳŜƴǘΣ ǊŜǎŜǊǾŜǎ 

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 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻǾƛŘŜǊǎΣ ƻǘƘŜǊ ƭƻŎŀƭ ŀǳǘƘƻǊƛǘƛŜǎΣ ƛǿƛκƘŀǇǹ ƎǊƻǳǇǎΣ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘȅ 

representatives, Insurance Council of New Zealand, Crown research institutes (eg, 

GNS Science, National Institute of Water and Atmospheric Research, Manaaki 

Whenua ς 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 

ŀƻ aņƻǊƛ 

Working in partnership with and resourcing aņƻǊƛΣ ŜƭŜǾŀǘƛƴƎ ǘŜ ŀƻ aņƻǊƛ ŀƴŘ 

ƳņǘŀǳǊŀƴƎŀ aņƻǊƛ, ŀƴŘ ǇƭŀƴƴƛƴƎ ŦƻǊ aņƻǊƛΣ ōȅ aņƻǊƛ ƛǎ ŎŜƴǘǊŀƭ ǘƻ the countrȅΩs 

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 aƛƴƛǎǘǊȅ ŦƻǊ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘΩǎ first national adaptation plan (MfE, 2022a) and the Rauora Framework 

(Ihirangi, 2021) 

 
 
 

 

 

Recommended 

key tasks to 

complete before 

moving to Step 2

Understand the statutory framework and principles for 
managing coastal hazards and climate change impacts. 

9ƴƎŀƎŜ ǿƛǘƘ ƛǿƛκƘŀǇǹ aņƻǊƛ ŀƴŘ ǿƻǊƪ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ 
tangata whenua to ensure that climate adaptation 
ǊŜǎǇƻƴǎŜǎ ŀǊŜ ƛƴŦƻǊƳŜŘ ōȅ ǘŜ ŀƻ aņƻǊƛ ŀƴŘ ƳņǘŀǳǊŀƴƎŀ 
aņƻǊƛΦ

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

Build a multi-disciplinary adaptation team.

https://environment.govt.nz/publications/community-led-retreat-and-adaptation-funding-issues-and-options/
https://environment.govt.nz/publications/community-led-retreat-and-adaptation-funding-issues-and-options/
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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 increments19 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. 

 
19  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. 

https://www.searise.nz/maps-2
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2.1 Assessing  sea-level rise   

2.1.1 Current  and projected sea-level rise  

M easured 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 

ƭƻŎŀƭ a{[ ŀǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŦƻǳǊ Ƴŀƛƴ ǇƻǊǘǎΦ The underlying rise in past and future sea level is 

masked by climate and ocean variability on yearly and decadal timescales.20 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 1960.21 

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 

 

 

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 ς 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 NiñoςSouthern 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. 

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
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Sea level rose 0.21 metres on average across Aotearoa between 1901 and 2020,22 which 

explains why low-lying areas are already experiencing an increased incidence of coastal 

flooding (see box 2).23 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  

   

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 ΨƪƛƴƎΩ ǘƛŘŜΦ {ƻƳŜ Ŏƻŀǎǘŀƭ ŦƭƻƻŘƛƴƎ ƻŎŎǳǊǊŜŘ, 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 Ψ1 in 100-yearΩ 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 ς 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. 

http://www.farmersweekly.co.nz/news/sea-threat-arrives
https://www.stats.govt.nz/indicators/coastal-sea-level-rise
https://www.stats.govt.nz/indicators/coastal-sea-level-rise
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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.24 

Scenarios are not ΨpredictionsΩ 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. 

{ŎŜƴŀǊƛƻǎ ŀƭƭƻǿ ŎƻƳƳǳƴƛǘƛŜǎΣ ƛǿƛκƘŀǇǹ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎ ǘƻ ŜȄǇƭƻǊŜ ǉǳŜǎǘƛƻƴǎ ƭƛƪŜ ά²Ƙŀǘ Ŏŀƴ 

ƘŀǇǇŜƴΚέΣ ά²ƘŜƴ might an adaptation threshold be reached?έ aƴŘ ǘƘŜƴ ά²Ƙŀǘ Ŏŀƴ ǿŜ Řƻ 

ŀōƻǳǘ ƛǘΚέ ǘƘŀǘ ƘŜƭǇ ƛƭƭǳǎǘǊŀǘŜ ƛƳǇŀŎǘǎ ŀƴŘ ƻǇǘƛƻƴǎ ǳƴŘŜǊ ŀ ǾŀǊƛŜǘȅ ƻŦ ŎƭƛƳŀǘŜ-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 ς Supplement A). The scenarios span a wide range of plausible societal and climatic 

futures, from a 1.5 degrees Celsius Ψbest-caseΩ 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 confidence25 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).  

25  These SLR projections include only processes in which there is at least Ψmedium confidenceΩΣ with some 

processes at Ψhigh confidenceΩΦ 
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A more limited set of low confidence projections by IPCC, uses a probabilistic ensemble that 

also includes two land-ice contributions26 from the Antarctic ice sheet and a structured expert 

judgement process. Low confidence projections represent the upper range of plausibility, but 

άŎŀƴƴƻǘ ōŜ ǊǳƭŜŘ ƻǳǘέ όLt//Σ нлнм, 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 2013ς2014 IPCC Fifth 

Assessment Report projections (Fox-Kemper et al, 2021; Oppenheimer et al, 2019; Slangen et 

al, 2023) because of:  

ω better understanding of the contributors to sea-level change  

ω longer datasets and improved coverage of the oceans and ice environments  

ω better agreement between the improved models and observations to date  

ω 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 ς 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 s cenario -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.27, 28 

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

as follows:29 

ω SSP1-2.6 M Ú NZ RCP2.6 M  

ω SSP2-4.5 M Ú NZ RCP4.5 M 

ω SSP3-7.0 M Ú n/a  

ω SSP5-8.5 M Ú NZ RCP8.5 M 

ω SSP5-8.5 H+  Ú NZ RCP8.5 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  As a comparison, using the NZ SeaRise ¢ŀƪƛǿņ ǇƭŀǘŦƻǊƳΣ ŀ 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).  

28  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 (ICCI, 2023). 

29  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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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 III (Riahi et al, 2022, p 386) describes how reaching emissions levels as high as the 

SSP5-8.5 scenario has become less likely, but άhigh emissions cannot be ruled out for many 

reasons, including political factorsέ and άhigher than anticipated population and economic 

growthέ. 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 άcan be very useful to 

explore high-end risks of climate changeέ. 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 

/ƻŀǎǘŀƭ tƻƭƛŎȅ {ǘŀǘŜƳŜƴǘΣ 5h/Σ нлмлύΤ ƛƛύ ƛŘŜƴǘƛŦȅ ŀǊŜŀǎ ΨǇƻǘŜƴǘƛŀƭƭȅ ŀŦŦŜŎǘŜŘΩ ōȅ Ŏƻŀǎǘŀƭ ƘŀȊŀǊŘǎ 

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: 

ω as the 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) 

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

ω for informing 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: 

ω absolute (or eustatic) SLR, measured relative to the centre of the Earth, and related to the 

rise in ocean level30  

ω 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 1995ς2014 (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 bŜǿ ½ŜŀƭŀƴŘΩǎ Ŏƻŀǎǘŀƭ ƭŀƴŘ 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  Used 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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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 

ΨCǊŀƳŜǿƻǊƪ ŦƻǊ !ǎǎŜǎǎƛƴƎ /ƘŀƴƎŜǎ ǘƻ {Ŝŀ-levelΩ όFACTS) 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 

9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΩǎ 9ƴǾƛǎŀǘ ǎŀǘŜƭƭƛǘŜ ōŜǘǿŜŜƴ нлло ŀƴŘ нлмм όIŀƳƭƛƴƎ Ŝǘ ŀƭΣ нлннύΦ ¢his 

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 townshipΩǎ ǊŜŎƭŀƛƳŜŘ Ŏƻŀǎǘŀƭ ƳŀǊƎƛƴ). 

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 2003ς11 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 

http://www.searise.nz/maps-2
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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): 

ω RSLR with satellite-derived VLM rates 

ω RSLR with locally monitored VLM rates (if available) 

ω SLR projections or increments without VLM 

ω local information and expert judgement 

ω 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 metre31) 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 a locally 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 

(SSP) scenarios (ie, scenario neutral)  

Uses NZ SeaRise platform to determine 

bracketed time frames for each increment 

across the range of recommended SSP 

scenarios to at least 2150. 

Can be used at national, regional or local 

spatial scales. 

Implicitly includes vertical land movement 

(VLM) when related to bracketed 

timeframes for relative sea-level rise (RSLR) 

projections. 

Easy to visualise via hazard maps and 

communicate where and at what increment 

adaptation thresholds emerge (eg, figure 12). 

Good for both hazard and quantitative risk 

assessments. 

Hazard and risk modelling may not require 

updating if projections or VLM change, only the 

time brackets (for when the increments are 

exceeded). 

Useful for stress-testing the lifetime of options 

and pathways, where an adaptation threshold in 

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 

timeframes). 

Uses NZ SeaRise platform for time series of 

specific RSLR projections to 2150. 

Can be used at regional and local spatial 

scales. 

Can incorporate satellite-derived VLM (using 

NZ SeaRise platform) or locally monitored 

VLM rate. 

Provides a range of RSLR across SSP scenarios for 

various specific timeframes (eg, 2050, 2130). 

More suited for stress-testing options and 

adaptation pathways for a specific planning 

horizon. 

Suits detailed hazard assessments, where other 

hazards or climate drivers are only available as 

SSP scenario-based projections. 

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 (1995ς2014). 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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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) 

 

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 ς 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.  

http://www.stats.govt.nz/indicators/coastal-sea-level-rise
http://www.stats.govt.nz/indicators/coastal-sea-level-rise


 

48 Coastal hazards and climate change guidance  

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, 4ð5), 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 ς2.86 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) stations32) 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 ς 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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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  

SLR 

(metres) 

Year achieved for 

SSP5-8.5 H+ (83rd 

percentile) 

Year achieved for 

SSP5-8.5 (median) 

Year achieved for 

SSP3-7.0 (median) 

Year achieved 

for SSP2-4.5 

(median) 

Year achieved 

for SSP1-2.6 

(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 1995ς2014 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)  

RSLR 

(metres)  

Year achieved for 

SSP5-8.5 H+ 

(83rd percentile)  

Year achieved for 

SSP5-8.5 

(median)  

Year achieved for 

SSP3-7.0 (median)  

Year achieved 

for SSP2-4.5 

(median)  

Year achieved 

for SSP1-2.6 

(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 1995ς2014 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 1995ς2014 MSL is ς0.243 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 1995ς2014 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 platform33 

(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 factor34 (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 ς1.67 millimetres to  

ς2.79 millimetres per year. Therefore, the RSLR projections from site #6488 (Neale Park ς SH6), 

which has a VLM rate at the spatially averaged Nelson urban rate of ς2.1 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 

 
33  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. 

http://www.searise.nz/maps-2
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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):  

ς1.0 × VLM rate [mm/yr] × (Future Year ς 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.35  

Independently determining locally measured VLM rates may also be relevant for Christchurch, 

North Canterbury ŀƴŘ YŀƛƪǁǳǊŀΣ ƻƴŎŜ ƳƻƴƛǘƻǊƛƴƎ ŜǎǘŀōƭƛǎƘŜǎ ŀ ŎƻƴǎƛǎǘŜƴǘ Ǉƻǎǘ-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 ǘƻ ƛŘŜƴǘƛŦȅ ŀǊŜŀǎ ΨǇƻǘŜƴǘƛŀƭƭȅ ŀŦŦŜŎǘŜŘΩ ōȅ Ŏƻŀǎǘŀƭ ƘŀȊŀǊŘǎ 

and climate change. Timeframes are also informed by the risk of being affected by coastal 

 
35  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 ς 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 2130.36 

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 

ŎƻƳƳǳƴƛǘƛŜǎΣ ƛǿƛκƘŀǇǹ ŀƴŘ ƻǘƘŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎ Ŏŀƴ ƳƻǾŜ ǘƻ ƳƻǊŜ ǎǳǎǘŀƛƴŀōƭŜ ƻǇǘƛƻƴǎ ǘƘŀǘ 

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](1) 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:  

Χ 

(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, 

greenfield developments and 

major new infrastructure 

Using a timeframe out to 2130 (²100 years), apply the medium confidence 

SSP5-8.5 H+ based RSLR projection* that includes the relevant VLM rate for 

the local and/or regional area. 

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

B. Changes in land use and 

redevelopment (intensification 

and upzoning) 

Using a timeframe out to 2130 (²100 years), apply the medium confidence 

SSP5-8.5 H+ based RSLR projection* that includes the relevant VLM rate for 

the local and/or regional area. 

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

C. Land-use planning controls 

for existing coastal uses and 

assets (building additions) 

Using a timeframe out to 2130 (²100 years), apply the medium confidence 

SSP5-8.5 M based RSLR projection that includes the relevant VLM rate for 

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 

assets with a functional need to 

be at the coast, which are either 

low consequences or readily 

adaptable (including services) 

Using a timeframe out to 2075 (²50 years), apply the medium confidence 

SSP5-8.5 M based RSLR projection that includes the relevant VLM rate for 

the local and/or regional area. 

(Note: approximately 0.5 metre rise in MSL, before including VLM.) 

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 preferably37 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  ΨtǊŜŦŜǊŀōƭȅΩ ƛǎ ǳǎŜŘ ƛƴ ǘƘŜ ǎŜƴǎŜ ǘƘŀǘ ƛǘ ƛǎ ŀŘǾŀƴǘŀƎŜƻǳǎ ƛƴ ǇǊŀŎǘƛŎŜ ǘƻ ǳǎŜ ƛƴŎǊŜƳŜƴǘǎ ƻŦ w{[w όǎŜŜ 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.  

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

hazard or risk assessments 
For a timeframe out to 2130 (²100 years), at a minimum: 

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 

assessments 
For a timeframe out to 2130 (²100 years), at a minimum: 

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 h azards  

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

ω a worsening of the impacts from coastal hazard events (magnitude, changing frequency, 

persistence and compound or multiple contributors), or  

ω a progressive 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 

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


Step 2: Assess sea-level rise and coastal hazards 

 

 Part A: What is happening? 55 

guidance ς 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 ς where waves and storm tides are the main drivers of 

flooding in coastal areas ς 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 events38 changing to occur annually (on average) with 

only modest 0.3 metre to 0.45 metre increases in RSLRΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƭƻŎŀǘƛƻƴΩǎ ǘƛŘŜ ǊŀƴƎŜ 

and storm-surge distribution across different annual exceedance probabilities.39  

Coastal flooding in various combinations with higher groundwater levels, rainfall runoff40 

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). 

https://hirds.niwa.co.nz/
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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 

indirect41 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).42 

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. 

https://resiliencechallenge.nz/programme/coastal-hazards/
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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.43 Climate change, sea-level rise and coastal hazards science: Coastal 

hazards and climate change guidance ς 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). A risk-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 bŜǿ ½ŜŀƭŀƴŘΩǎ ǘƻǿƴǎ ŀƴŘ ŎƛǘƛŜǎ 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 Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŘŜǘŜǊƳƛƴŀƴǘ ƻŦ ŀ ǘǎǳƴŀƳƛΩǎ ƛƳǇŀŎǘ 

 
43  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,44 RSLR will further 

exacerbate the inland reach and overland inundation depths of a tsunami.  

The extent of the present-day orange tsunami evacuation zones45 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 ς Supplement A 

describes how climate change may alter tsunami coastal hazards.  

2.2.2  Relative sea -level rise  and c oastal hazard 

assessment s 

Policy 24 of tƘŜ b½/t{ ǊŜǉǳƛǊŜǎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ άǇƻǘŜƴǘƛŀƭƭȅ ŀŦŦŜŎǘŜŘ ōȅ coastal 

ƘŀȊŀǊŘǎέ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ Ǌƛǎƪǎ ƻǾŜǊ άŀǘ ƭŜŀǎǘ млл ȅŜŀǊǎέ ό5h/Σ нлмл, 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 

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

45  National Emergency Management Agency. 2016. b9a! 5ƛǊŜŎǘƻǊǎΩ DǳƛŘŜƭƛƴŜǎ ŦƻǊ ƳƻŘŜƭƭƛƴƎ ǘǎǳƴŀƳƛ 

evacuation zones. Retrieved 22 December 2023. 

http://www.gns.cri.nz/data-and-resources/2021-national-tsunami-hazard-model/
http://www.civildefence.govt.nz/resources/news-and-events/news-and-events/updated-tsunami-evacuation-zones-directors-guideline-for-cdem-groups
http://www.civildefence.govt.nz/resources/news-and-events/news-and-events/updated-tsunami-evacuation-zones-directors-guideline-for-cdem-groups
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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 ƳņǘŀǳǊŀƴƎŀ 

aņƻǊƛ ŀƴŘ ŀƴ 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.  

¢ƘŜ ƘƻƭƛǎǘƛŎ ŀƴŘ ǊŜŎƛǇǊƻŎŀƭ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ aņƻǊƛ ŀƴŘ ǘƘŜ ƴŀǘǳǊŀƭ ǿƻǊƭŘ ƛǎ ŦƻǊƳŜŘ ǘƘǊƻǳƎƘ 

shared whakapapa (genealogy). The creation and ongoing balance of the natural world is 

interconnected through this web of kinship, and responsibility to care is reŦƭŜŎǘŜŘ ƛƴ ǇǹǊņƪŀǳ 

(stories) where these relationships shape connection to the environment (Harmsworth and 

Awatere, 2013). 

¢Ŝ ŀƻ aņƻǊƛ ǎŜŜǎ ǎǘǊŜǎǎ ƻƴ ŀƴȅ ŎƻƳǇƻǎƛǘŜ ǇŀǊǘ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ŀǎ ŎǊŜŀǘƛƴƎ ƛǘǎ ƻǿƴ ƳŜŀǎǳǊŀōƭŜ 

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).46 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), ƛǎ ǘƻ ōǊƻŀŘƭȅ ƛŘŜƴǘƛŦȅ ŀǊŜŀǎ άǘƘŀǘ ŀǊŜ ǇƻǘŜƴǘƛŀƭƭȅ ŀŦŦŜŎǘŜŘέ ōȅ Ŏƻŀǎǘŀƭ 

hazards and climate change (Policy 24, NZCPS, DOC, 2010, p 24). The outputs of a screening 

assessment should then guide identification of άŀǊŜŀǎ ŀǘ ƘƛƎƘ Ǌƛǎƪ ƻŦ ōŜƛƴƎ ŀŦŦŜŎǘŜŘέ 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 risk47 

(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 ς 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).  

 Iǳƛ ǿƛǘƘ ƛǿƛκƘŀǇǹΥ Shared information and observations on marae, taonga, areas of 

customary rights and other cultural sites where changes are occurring in the context 

ƻŦ ƳņǘŀǳǊŀƴƎŀ aņƻǊƛΦ  

 Expert workshop: Vulnerable areas can be identified by experienced staff, 

ǎǘŀƪŜƘƻƭŘŜǊǎΣ Ŏƻƴǎǳƭǘŀƴǘǎ ŀƴŘ ƛǿƛκƘŀǇǹ ǿƛǘƘ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ 

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 

sitesΩ databases.  

 Literature surveys of existing information: Reports, papers48 and existing natural 

hazards portals hosted by councils (eg, Otago Regional Council49ύ ŀƴŘ ¢ƻƪŀ ¢ǹ !ƪŜ 

EQC.50  

 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/).  

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

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

49  See Otago Regional Council. Otago Natural Hazards Database. Retrieved 22 February 2024. 

50  ¢ƻƪŀ ¢ǹ !ƪŜ 9v/Φ Natural Hazards Portal. Retrieved 22 February 2024. 

https://data.coastalchange.nz/
https://www.orc.govt.nz/managing-our-environment/natural-hazards/otago-natural-hazards-database
https://www.naturalhazardsportal.govt.nz/s/
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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 assessments51 

(eg, Paulik et al, 2023, for coastal flooding). The National Institute of Water and 

Atmospheric Research national Ŏƻŀǎǘŀƭ ƅƻƻŘ ƳŀǇǇƛƴƎ ǿƻǊƪΣ ǿƘƛŎƘ ƭƛƴƪǎ ƛƴ ǿƛǘƘ ǘƘŜ 

b½ {ŜŀwƛǎŜ tǊƻƧŜŎǘ ŀƴŘ ǎƻƳŜ ŎƻǳƴŎƛƭ Ŏƻŀǎǘŀƭ ƅƻƻŘ ƳŀǇǎΣ can be accessed online.52 

 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.53 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,54 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 ς 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.  

 Identify data and information gaps that may require additional observations or 

further modelling or analysis for the detailed coastal hazard assessment. 

 

 
51  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. 

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

53 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. 

54  Developed by NIWA, GNS Science and latterly, Toka ¢ǹ Ake EQC, and Paulik et al (2022). See also 

https://riskscape.org.nz/ for more information. 

https://niwa.co.nz/natural-hazards/our-services/extreme-coastal-flood-maps-for-aotearoa-new-zealand
https://www.waikatoregion.govt.nz/services/regional-hazards-and-emergency-management/coastal-flooding-inundation/coastal-inundation-tool/
https://mapping1.gw.govt.nz/GW/SLR/
https://www.tasman.govt.nz/my-council/projects/coastal-management-responding-to-climate-change/coastal-hazards-project/
https://riskscape.org.nz/
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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 ς level 1, figure 11). In this situation, decisions 

can be made ǳǎƛƴƎ ŀ ǊŜŀǎƻƴŀōƭŜ ΨōŜǎǘ ŜǎǘƛƳŀǘŜΩ ƻŦ ƘŀȊŀǊŘ ǇǊƻōŀōƛƭƛǘȅ (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 ς 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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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 

 

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 Ψa current 1 per cent AEP 

flood combined with an SLR of 0.5 metres that can be expected between 2055 and 2080Ω 

(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 AEPs55 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 ς Supplement A). 

 
55  See Paulik et al (2023) and NIWA, Extreme coastal flood maps for Aotearoa New Zealand, for more 

information. 

https://niwa.co.nz/natural-hazards/our-services/extreme-coastal-flood-maps-for-aotearoa-new-zealand
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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 EmploymentΩǎ 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 ς 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 

ǘƘŜ ΨōŜǎǘ ŜǎǘƛƳŀǘŜΩ ƻǊ ƳŜŘƛŀƴ ƻŦ 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: 

ω a range 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)  

ω a range 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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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. 

CǊŜŜōƻŀǊŘ ŀƭƭƻǿŀƴŎŜǎ ŦƻǊ ΨƘŀōƛǘŀōƭŜΩ ŘǿŜƭƭƛƴƎǎ ŎǳǊǊŜƴǘƭȅ ǊŀƴƎŜ ŦǊƻƳ лΦо ƳŜǘǊŜǎ 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. 

CƻǊ Ŏƻŀǎǘŀƭ ǎǘƻǊƳ ŦƭƻƻŘƛƴƎ ŀǎǎŜǎǎƳŜƴǘǎΣ ǘƘŜ ΨǘƻǇ ǿŀǘŜǊ ƭŜǾŜƭΩ ǎƘƻǳƭŘ ƛƴŎƭǳŘŜ ǎǘƻǊƳ ǘƛŘŜ Ǉƭǳǎ 

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 ς 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 

ƘŀŘ ŀ н ǇŜǊ ŎŜƴǘ ŎƘŀƴŎŜ ƻŦ ƘŀǇǇŜƴƛƴƎ рл ȅŜŀǊǎ ŀƎƻ ƻǊ ƛƴ рл ȅŜŀǊǎΩ ǘƛƳŜ όa.IE, 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; Montaño 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 ΨStatistical uncertaintyΩ), 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 άtaking into account potential sourcesέ 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. 

ω 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). 

ω 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. 

ω 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 ƻŎŎǳǊǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜǎŜ ŎƻƴǘǊƛōǳǘƻǊǎ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘ ōǳǘ ƻƴƭȅ ǿŜŀƪƭȅ 

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)56 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. 

 
56  NIWA. High intensity rainfall design system, V4. Retrieved 22 December 2023. 

https://hirds.niwa.co.nz/
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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). 

¶ 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?  

¶ 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?  

¶ 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).57 

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 (yellowςred colours) and will have longer to adapt.  

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

increment that change depending on whether the increment is for SLR or has VLM added ς compare table 

6 and table 7. 
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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 

   

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

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 (0.1ς0.2 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  

 

3.1 Mana w henua and community values 

and objectives  

3.1.1 What are community values?  

Councils should ŜƴƎŀƎŜ ǿƛǘƘ ǘƘŜ ǿƛŘŜǊ ŎƻƳƳǳƴƛǘȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ΨǘƘƛƴƎǎ ƻǊ ƻōƧŜŎǘǎΩ ƻŦ 

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: 

ω physical items like homes and property, marae and urupņ, 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 

ω natural values, like coastal wetlands and estuaries, shorebirds, native fish and lizards, 

as well as mahinga kai practices 

ω intangible values like the ability to practise tikanga, community cohesion and spirit, 

wellbeing and occupational identities (Barnett et al, 2016).  
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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. 9ȄǇƭƻǊŜ ŀƴŘ ŎŀǇǘǳǊŜ ŎƻƳƳǳƴƛǘȅΣ ƛǿƛκƘŀǇǹ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊ ǾŀƭǳŜǎ 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 ς Supplement B). 

2. Reframe the agreed community values into objectives for public and private stakeholders 

to ensure inclusion in the vulnerability assessment and future adaptation decisions. 

3. 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  

¶ Damage or destruction of beachfront property from erosion or inundation 

¶ Property loss, compensation and insurance claims leading to financial instability 

¶ Devaluation of land due to erosion or inundation 

¶ Loss of productive land due to saltwater intrusion 

¶ Loss of land, farm stock and related economic opportunities 

Local infrastructure 

¶ 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 

¶ 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 

¶ [ƻǎǎ ƻŦ ŎǳƭǘǳǊŀƭ ŀǎǎŜǘǎ όŜƎΣ ƳŀǊŀŜΣ ǳǊǳǇņ ŀƴŘ ƪǳǊŀ ƪŀǳǇŀǇŀύ 

Community lifeways and recreation 

¶ Loss of community events 

¶ Limiting beach access for recreation and public use 

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

¶ Loss of esplanade reserves for recreational use 

¶ Destruction of wild foods (eg, shellfish) used recreationally and as food resources 

¶ Damage to safety and usability of public coastal reserves and estuaries 

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

and wellbeing 

¶ Displacement of people and loss of social cohesion 

Ecology and biodiversity 

¶ Potential to lose species or biodiversity in coastal habitats 

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

¶ Degradation of ecology leading to loss of traditional knowledge  

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

¶ !ŘǾŜǊǎŜ ƛƳǇŀŎǘǎ ƻƴ ƳŀƘƛƴƎŀ ƪŀƛ ŀƴŘ ǿƘņƴŀǳ ƘŜŀƭǘƘ ŦǊƻƳ ƭƻǎǎ ƻŦ Ƙŀōƛǘŀǘ ŀƴŘ 

dysfunction of sewerage and stormwater networks and septic tanks 

¶ Damage to humanςenvironment relationships and wellbeing 

¶ Saltwater intrusion (salinisation) of freshwater resources 

Aesthetics 

¶ Damage to the natural appearance of coastal environments, especially if hard 

engineering solutions are enacted 

¶ 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: 

ω people undervalue infrastructure until its performance is imperilled; assumptions should 

be made and factored into the objectives  

ω it is important 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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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: Example of four methods that can be used in combination to understand mana whenua 

and community values 

Method Advantages Disadvantages  Examples  

Review existing 

ŘƻŎǳƳŜƴǘǎ όŜƎΣ ƛǿƛκƘŀǇǹ 

management and natural 

resource management 

plans, community 

outcome documentation, 

surveys, reports) 

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. 

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:  

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

ω where the values are and who finds them valuable 

ω the diversity and degree of agreement in values and norms  

ω 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  Refram e 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: 

ω relevant to the community and mana whenua (eg, a safe place to live, with access 

to amenities, expression of MņƻǊƛ ǾŀƭǳŜǎ)  

ω measurable (eg, climate disruption minimised, using the metric of frequency of 

storms damage avoided) 

ω linked to the decision triggers and adaptation thresholds (eg, disruption to mobility, 

community tolerance levels or council requirements)  

ω 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 

Mahinga 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 ŀƴŘ ŎƻǳƴŎƛƭǎΩ ǎǘŀǘǳǘƻǊȅ 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 

conversation?  

Who has jurisdiction in this area? 

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 

the local government functions? 

What plans and policies exist? 

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 

key tasks to 

complete before 

moving to Step 4

Identify who should participate in engagement about 
community values. 

Decide which method to use to determine community 
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 ǘƻ ƛƴŦƻǊƳ ŎƻƳƳǳƴƛǘƛŜǎΣ ƛǿƛκƘŀǇǹ ŀƴŘ ŘŜŎƛǎƛƻƴ-makers 

on identifying options and pathways to pre-emptively address the rising climate-related risks.  
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4.1 Undertak e 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,58 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): 

ω 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 

ω 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  

ω 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 fragility59) 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. 

 
58  System is a set of interrelated or interacting elements (ISO 14091:2021) or through a te aƻ aņƻǊƛ ƭŜƴǎΣ 

the implicit connectedness between taiao (environment) and tangata όǇŜƻǇƭŜύ ŀƴŘ ǊŜƭŀǘŜŘ ƳņǘņǇƻƴƻ ƻǊ 

guiding principles (MfE, 2019, Box 1). 

59  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 

 

Outwards pointing arrows indicate risk rising over time. The inward pointing arrows indicate examples of actions 

and options to reduce each rising risk component through adaptation (but with limits) for coastal areas.  

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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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,60 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). 

 
60  See annex C, ISO 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 

 

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.61 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 

ƳŀǊƎƛƴǎΦ !ŘŀǇǘŀǘƛƻƴ ƛǎ ƻŦǘŜƴ ǾƛŜǿŜŘ ŀǎ ŀ ΨƭƻŎŀƭΩ ƛǎǎǳŜ ǿƘŜǊŜ ǘƘŜ ƻƴƎƻƛƴƎ ƛƳǇŀŎǘ ƭƛŜǎ, 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, ISO 14090:2019, section 6.5, ISO 14092:2020 and annex G, ISO 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) 

 

Source: Adapted from MfE, 2008a 

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 environment62 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 (2022ς24), Bay of Plenty 

(2022ς23) and NelsonςTasman (2023)). 

 
62  Policy 1, New Zealand Coastal Policy Statement (NZCPS) (DOC, 2010) and p 14 of the NZCPS 2010 guidance 

note (DOC, 2017). 






















































































































































































