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About this guidance

Why is this guidance required?

Since 2001, the Ministry for the Environment lpmevided guidance téocal government on
adapting to coastal hazards and the ripkesentedfrom climate changg particularly sedevel

rise (SLR}Hazards associated within a complex and dynamic coastal hawe beeran

historic andare anongoingoccurrencefor the coastal communitiesf 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 taisgnchanges,
tectonic activityand so of There isalsoaneed to plan for the way that coastal hazards that
will be modifiedand, in most casesamplified by SLR.

This guidance incorporates the NZ SeaRise research progQu@padated Aotearoa sekevel

rise projections that were released on 2 May 2022. These projections combine the 2021
Intergovernmental Panel on Climate CharfdrCESixth Assessment Report (AR6)-kaeel

data (downscaled té\otearog, with localised rates of vertical land movement (VLM) around
the coast(FoxKemper et al, 2021; Kopp et al, 2023; Naish et al, in revieng result is

estimates of relative sekevel rise (RSLR), or deael 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 complerdalynamic coastal environments.

The NZ SeaRise method represents an emergingt#faeapproach. While the SLR projections

are based on the same framework used by the IPCC, the sathdliteed 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 SeaRisethrad was still under peer review by an international scientific
journal and had not yet been accepted for publicat{dlaish et al, in review}urther

improvements to the NZ SeaRise projections with new and longer measures of satellite
derived VLM and otr data are already signalled (Levy et al, 2023). Land Information New
Zealand is also set to establish a furthergdobal navigation satellite systegtations which

will result in improved measures of sea level.

TheNZ SeaRismethodis the only currently availabl@pproachfor 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
uncertaintiesis 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 recommenithed they are used alongside

multiple sources of information (MfE, 2023BD)ue tothe uncertainty associatedith the NZ
SeaRise method, particulgmith the satellitederived VLM rates, this guidance recommends a
multi-evidence approach for assessing RSLR. This guidance recommends using these as part of
a precautionary approach alongsideynamicadaptive pathwaysplanning (DAPP) approach
which allows for adjusting pathways as new information emerges.

1 Climate hazardsere are the physical stressors thaisefrom climate change at the coastlimate risks

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

The 201 TCoastahazardsand climate change Guidancefor local governmenfMfE, 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 framework$his 202 guidancerevisesthe 2017publicationwith the
followingupdates:

w advances in SLR scieras® global projectionfrom the IPC@AR6(IPCC, 2022022)

downscalinghew global projectiongo Aotearoa by the NBeaRis@roject plus the inclusionf
VLMto produce localisedelative SLR (RSI2Ryojections

w advances itkknowledge relating tahe types of coastal hazarésmd how they cascade and
compoundthe effects orthe coast

w improved guidance omulnerability and risk assessment methodol@md monitoring
adaptive pathway$or adaptation plans

w the national adaptation plan (NAP) dir@rts on which climate scenarios to use for hazard
and risk assessment within the resource management system.

The new assessments of the physical scieaed of the projected and observed impacts,
adaptation and vulnerabilitg show that hazards and their risks are compounding near coasts,
estuaries and harbours throughout Aotearaiéth impacts cascading more widely addition

to the environmental risksa wide range of social, cultural and economic values are at stake.

The climate and sdavelare changingand the pace is accelerating duegmeenhouse gas
emissions warming the atmospheamdmelting ofthe ice sheets and glacierShere is
growingunderstanding of the scale and pace of change from ongamugacceleratingLRand
increased frequency of damaging weather events affecting coastal drbas\ational Climate
Change Risk Assessm@vifE, 2020) identifies coastal hazards such as coastal flooding and
erosion or landslidesind progressive and ongoiichanges (particularly SL&ssociated
groundwater rise and in combination with extreme rainfall evg@gtas some of thenost
significantrisksfor Aotearoa Risks to coastal ecosystermy-lying coastacommunities and
infrastructure areoutlined asthree of the topten most significant riskacross multiple
domains,including the natural and built environmentsymans and the economy.
Additionally, i its 2050 challenge paper, Local Government [Mealand (LGNZ) highlighted
SLR as one of thmainfactors that will greatly affect coastal communities (LGNZ, 20T61s).
New Zealand Coastal Policy Statem2@t0(NZCP3010, DOC, 201)provides a directive to
avoid increasing the risk and to plan for at least-y@@rsin the coastahrea The NZCP3sa
includespolidesfor assessing a range of options for reducing coastal hazarth nisktect
significant existing developmefPolicy 27DOC, 2010 Climate change and increasiSgRwill
increasethe challenge®f longterm sustainable managemeiwaif the Aotearoacoastl area

Relativesealevel rise RSLR) is the netealevel rise SLRexperienced at local or regional scales from
therise in ocean mean sea level and the rate of vertical land movenvi)((eg, land subsidence
exacerbates the rise in the adjacent ocean).

DisclaimerMost SLRprojections (figures or tables) in this guidance are Nmalandwide averages and
therefore excludeVLM because it varies significantly (up or down) around the country. Local relative sea
level rise (RSLR) projectiansludeVLM, unless otherwise stated.

10 Coastal hazards and climate chamggdance



Coastal hazards therefore require specific guidance and considerainsisspecially
becauseSLRvill continue for at least several centuriaader all climate scenaripsven if
greenhouse gas emissioage curbedandthe rate of riseand the overall amount of SIR
slowed Trere isan ongoingchallengeto manage the transition to moreresilientcoastal
communities through adaptive planrgn

How do | use this guidance?

This guidancéollows a 16step decision cycle (figud. The stepallowfor both short and

longterm planning, adaptive pathways adécisiormaking for coastal areas that are, or

will be, affected by coastal hazards and climate chagdaptation is an iterative process.
Iterationswithin the process can be driven lexperience of hazard evendsd observations

of progressive changersew climate informatiorand projectionsreappraising early signals
(warnings) and triggers (decision points); and social, cultural and economic change. The steps
can be worked througkither sequentiallyor in the order that makes best sense for your

specific problem and procesallowing youo loop back to earlier steps if readjustments are
needed.The guidance is intended twelponly, 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 tladaptationplanningguidance is released, a

condensed technical version of the Coastal Hazards and Climate Change Guidance will sit
Ff2y34ARS Al +ta | O2YLI yAz2y R20dzySyido

Guidance abbreviations and terminology

This guidance uses many terms in a defined way that is specific to this subject matter
OSEI YL Sa AyOfdzRS WIRFILIGIGA2Y QY WReylFYAO |

RI LI )

Wdzy OSNII F Ay (i &8 QF WoHdA yANIad &f bbbrive@osendteff@ F 8 S NBF SNJ

explanations of our use of such terms in this guidance.

Guidance structure
This publicationCoastal hazardand climate change guidancis an overview of the 16tep
decision cycle and includes the followiagpendices:

A: Coastahazardmanagement 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

About thisguidance 11



The guidance is structured around five main questions in thsté&p decision cycle.
w What is happening?

What matters most?
What can we do about it?

How can we implement the strategy?

e & €& ¢

How is it working?
Figure 1:  Tenstep decision cycle

@ What is happening_p

Set the
context and
prepare

Assess
sea-level rise
and coastal

hazards
Review

and adjust Establish

£
(3l
values and %
s
@
3
2
)

. objectives
Community

/ engagement \

Drivers of change Assess
New climate information; vulnerability
signals and triggers;
social, cultural and
economic change

and risk

Implement \

~

DeveIoB
the adaptive
planning
strategy with
signals and
triggers

Source: Adapted from Max Oulton (University of Waikato) aneHahitat (2014)

Supplements

Two supplements will be published in r2624. These are:
w Climate change, sdlavel rise and coastal hazards science: Coastal hazards and climate
change guidance Supplement A

w Communityengagement principles and approas) and practice method€oastal hazards
and climate change guidanceSupplement B
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Part A: What is happening?

Step 1. Set the context and
prepare

@ What is happening
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1.1 Role s and responsibilities

1.1.1 Users of this guidance

Thisis a technical document providing national guidance to local and central government, but
also otherusersoutside governmentlt helpslocal government to plan for and support coastal
communities¢ and council assets and servigg® manageand adapt tathe increasing coastal
hazards andisks fromclimate changélt sets outrecommendedest practice for infrastructure
and new development in coastal areas. National agencies that operate lazaibiso use this
guidance where theinvestment,assetsand servicesire in areas subject to coastal hazards

4 Coastal areas affected by coastal processes ant@kBnd in the futureand includes estuaries, tidal
and rainfallinfluenced groundwater, wetlands, creeks, lowland rivers simdams, and the adjacent

land margins.
Part A: What is happening? 13



One of the enduring questions local government faces is hovotdinue toachieve the
F&LIANI GA2YyA YR @I fdSa 2F 02 YYdndddidphing ththé v R
impacts of a changing climate and rising k=eel

Thisguidanceaimsto strengthen the integration of coastal hazards and climate change
considerations into landise planning, resource managemesipdivision andbuilding
consenting, asset and flood risk management, infrastructure planning. The guickamioe

used bythose 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 providgecommendedools to help councilsconsultancies andentral

government agenciesorkg A 1 K F FTFSOGSR O2YYdzyAUASazZ A6AkKI LN
preparation ofvulnerability and risk assessmenaslaptiveplanningand implementation

processes. It sets out principles and approaches for this engagdorearidworking together

throughout the decisionmaking process. It is complemented by guidance orNee Zealand

Qoastal Policy Statemei(iNZCPR0100n coastal hazards (DOC, 2017).

Appendix Aprovidescase studiesf coastal hazards managemeat examples of this guidance
in practice

1.1.2 Legislative responsibilities

Coastal adaptationnitiatives will invariably cross territorial boundaries, especially for long
contiguous coastlinesndcross ovethe landward boundary of the coastal marine area
(CMA) TheResource Management Act 1BERMA (section 30 andsection31) states that
both regional councils and territorial authoritiémve functions related to theontrol of the
use of land to avoid or mitigate natural hazards.

Given these split responsibilitigthe statutory contexiand crossboundary nature of the
issuesjocal governmentsrequired to take anntegrated approach to lonterm development
and adaptation in hazargdrone coastal areaandis encouraged to have proactive discussions
about partnering in adaptation responsésee DO@017) for further guidancé. 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 th&AR

Theinformation, methodologies and approaeisin this guidanceepresentgoodadaptive
practice.Thisguidancewill remainrelevant regardless ofhe legislative frameworkhat it
operates within

Figure2 shows themainlegislation, plansnational policystatements and strategies for
managing natural hazardsd climate change impacis AotearoaNew Zealand. These
instrumentsstipulatevariousresponsibilities for national, regional, city and district agencies.

14 Coastal hazards and climate chamggdance



Step 1: Set the context and prepare

Figure 2:  Relationship betweerkeyinstrumentsfor managing natural hazards ithe Aotearoa
New Zealandcoastal environment

Resource Local Soil Conservation Local Govemnment
Official Information Building

Management Government and Rivers Control Act 2004

and Meetings Act
Act 1991 Act 2002 Act 1941 (section 44A) 1987

Civil Defence Emergency
Management Act 2002

National Civil Defence
Emergency Management
Strategy and Plan

Civil Defence Emergency National direction L |
Management Group Plan (NPS, NES and NZCPS) AR PEE

Regional policy Land information
statement memoranda

. Project information
Regional plans memoranda

Regional
coastal plans

Iwi management Building

plans Non-statutory planning tools

code

4

NPS: National policy statements ~ NES: National environmental standards ~ NZCPS: New Zealand Coastal Policy Statement 2010

Table 1 outlines théegislation andmain policy instrumentusedfor managingcoastal hazards
and the effects of climate change and SLR.

Table 1: Overview oflegislation andpolicy instruments for managing coastal hazards and the
effects of climate change

Policyinstrument Effects on coastal hazard management

Resource Management | The RMA identifies the preservation of the natural character of the coastal

Act 1991(RMA) environment and the management of significant risks from natural hazarse® as
matters of national importance. Section 7(i) states that particular regard must b
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 spe
how to manage the risks from coastal hazards, other than through sustainable
management (s&nds106).

Section106 ofthe RMA gives district councils tlability to refuse subdivision
consent or apply special conditions where land is subject to significant risk frorr
natural hazards regardless ofistrictLJt I ¥ Q& & dzo R A Sectioh BB)(j)!
of the RMAoutlines the duty of locatouncikto keep records of natural hazards.

Part A: What is happening? 15
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Policyinstrument Effects on coastal hazard management

New Zealand Coastal The purpose of the NZCPS is to stattgectives angbolicies in order to achieve the
Policy Statement 2010 purpose of the RMA in relation to the coastal environmenfofearoaNew
(NZCPS) ZealandTheNZCPS is the only compulsasational policy statement underthe

RMAand theremust beone at all times(s57 of the RMA)

Councils are required to give effect to the NZCPS in their policy stateség(8)),
regional plangs67(3)(b)pnddistrict plans(s753)(b)) They must also have regard
to the NZCPS in resource consentisit04(1)(b)(iv)and particular regard to it in
respect ofdesignationgs168A(3)(a)(ii) andl71(1)(a(ii)).

One of thegoakis to manage coastal hazards and climate change risks to avoid
increasing the risk of adverse effects. The risk from coastal hazards over at lea
100years musbe identified®

The NZCPS does not specify which climate chaoeygario oiSLRprojectionsto

use, or the thresholds for applying different planning responses. However, it do
NEIljdzZA NS ARSYGATAOIGAZ2Y 2F | NBla 4Lk
guidancé and the best available information on the likely effects of climate chan
2y GKS NBIA2Y 2DOCRAINROGE o6t 2t A0e

The NZCPS includgtsong policy direction that requires the avoidance of certain
adverse effects in the coastal environmefur example as may occuthrough
works proposed to mitigate coastahzard rk.

The NZCPS algwludesstrategies formssessing a range of options for reducing
coastal hazard rislo protect significant existing developmegiolicy 27 DOC2010.

/ £ AYl GS |/ KI y TheNational Climate Change Risk Assessrie@CRA developed undes5ZP of
I (2I02(CCRA the CCRAsets out how coastal areas will be affected differentially acastearoa
New Zealandh the Method Report and theTechnical RepofMfE, 2020, 202().

Thenationaladaptationplan NAP)MfE,2022a), as part of respondin the risks
identified in the NCCRdeveloped under s5ZP of the CCBides more specific
detailregarding managemerudf coastal hazards than providedtire RMA and
NZCPS. To identify and assess risk from coastal hazards and the effects of clin
change, the NAP stipulates local governmambuldscreen for hazards and risks in
coastal areas using SS®5, and use at least two IPCC climate change scenarios
(SSP-4.5 and SSP8.5) for detailed hazard and risk assessmeadisling the
relevant rate of vertical land mement locally (In addition, he NAP recmmends
councils shouldtresstest plans, policies and strategies usagnge of scenarios
asrelevant to the circumstanc)

Under the RMAdcal government must have regard to the NAP and the Emissic
Reduction PlanMfE, 2022 when preparing or changing regional policy stateme
(s61(2)(e)), regional plangs662)(g) and district plangs742)(e). These provisions
are mandatory considerations for RMA decisioakers, who retain discretion over
how and whether to implement them when making a decisfon.

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

5 Objective 5 and policie4 to 27 of the New Zealand Coastal Poli8tatement 2010 (NZCP8 specific to
coastal hazardand climate change rigoOC, 2010)

National guidance included thi®oastahazardsand climate change guidaneadNZCPS 2010 guidance
note: Coastal Hazar¢gsbjective 5 and Policies 24, 25, 26 andR®C2017). These should be taken into
account under Policy 24 of the NZCPS.

TheNational adaptation plan and emissiorexduction plan: Resource Management Act 1991 guidance note
(MfE,202Z) has more information on how local government mighate regard tathe national adaptation plan
andemissiongeduction planin this context.

7
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Policyinstrument

Step 1: Set the context and prepare

Effects on coastal hazard management

Local Government Act
2002(LGA)

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

National Policy Statemen
on Urban Development
2020(NPSUD)

The NP&JD requires councils to give effect to the objectives and policies of the
NPSUD. Objective 8eeks that urban environments are resilient to the current ar
future effects of climate changand Policy 1 identifies that such resilience is a
component ofwell-functioning urban environments

Tier 1 andTier2 councils are required to prepare and adopt a FDS every 6 year:
in time to inform the nextongtermplard C5{ Q& F2N¥X GKS o1
strategic and longerm planning. An FDS helps local authorities set the-legél
vision for accommodating urban growth over tlemgterm andidentifies strategic
priorities to inform other developmentelated decisionsA FDS must be informed
by every othernationalpolicy statement under theRMA, including the NZCPS
(section3.14(1)(f))

Urban density requirements in Policy 3 for laegest urban centres (Tier 1) can
only be modified to the extent necessary to accommodate a Qualifying MgQtel
(Policy4 and section 3.32Dne such QM is a matter required in order to give effe
to any otherNPS including theNZCPSHowever, a sitspecific 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 developme
is inappropriate (section 3.33).

Other QMs are matters of national importance under s6 of the RMA, including t
management of significant risks from natural hazards, and the preservation of t
natural characteof the coastal environmentndits protectionfrom inappropriate
subdivision, use and development

Building Act 2004

The Building Act requireonsideration othe effect of the building work on a
natural hazard, and considetion 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 i
notice to be placed on the record of title for the propeso future owners are
aware the land is subject to a natural hazard. When building on land that might
subject to a natural hazargou may need to consider both the regeiments of the
resource management system and the Building Act.

The Natural Hazard Provisioggidance(MBIE, 2023)which relates to sections in
the Building Actincludesinformation on accounting for the impacts of climate
changesuch asealevel rise.

Building Code

The Building Code sets clear standatdst buildingsmustmeet. When considering
coastal hazardsnxanagementthe main Building Code clauses that relate to water
ingress will be particularly relevant, these are E1 Surface watdixtEhal
moisture, E3 Internal moistur®1 Structure and B2 Durability.

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

The NZS 4404:2042fines freeboarchsdX  LINR DA aA 2y F2NJ ¥F
estimate imprecisionconstruction tolerances, and natural phenomena (such as
waves, debris, aggradations, channel transition, and bend effects) not explicitly
included in the calculatioqp 25).

New Zealand
Infrastructure
CommissionTe
Waihanga Act 2019

ThisAct establishes a new Crown entity, thewZealandInfrastructure
Commissionto coordinate and develop irdistructure that improveshe wellbeing
of New Zealander§.he Commissiomust providestrategy reports to the
responsible Minister that identffhow existing infrastructure can meet community
expectations and priorities for infrastructure on a-g€ar basis (s13). The
Commission must consider lotgrm trends, including the mitigation of, and
adapting to, the effects of climate change (s11(b)(iii)).
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Policyinstrument Effects on coastal hazard management

Marine and Coastal Area| TheTakutai Moanaict supportghe recognition of customary interests in the
(Takutali Moana) Act 201] common marine and coastal aredfiere may bemplications fomparties proposing
worksthat havethe potential to impact orcustomarymarinetitle holders or
claimants.

ban w2KS a2lqepgn w2kE @y H | L Actgied efféckto thedddl o
L2 banll, anBsysyd 680688y y3an KI LIhe Actalsd@ n G A
2019 cortributesto the legal expression, protecticand recognition of the continued
SESNDAAS 2F Yl Yyl o @relatbntotielryn 2NDES
(s3) whichare areasdentified inShedule2 and include coastal marine areas

and

Iwi Management Plans | IMPsare preparedand approved @ A A S A g A | dzi K& eJource :
(IMPs) management matters, including natural hazards. IMPs identify the issues of
AYLEZNIIFYyOS (2 AgA 2NJ KIFLWA NBILFNRAyYS
FYR I'NB dzyRSNLIAYYSR o6& Ynil dzNIvgldhble a
strategic tool for natural hazard managemd®aunders, 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(z

Seeappendix Efor 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 tablB.1in appendixB), when commencing an adaptation planning process. A
good adaptation planning process will reflect or account for thasén principles (table 2).

Table 2: Principles for managing coastal hazardsder a changing climate

Principle ‘ Description

Sustainability and resilience | TheResource Management Act 19RMA concept of sustainable
management and th&ocal Government Act 200RGA principle of sustainable
development support the ability of communities to respond and adapt in a w
that avoids or limits harm. Resilience is closely related to sustainability and
increasingly being enshrined AotearoaNew Zealand legislation.

Meet the reasonably This RMA phraseequiresconsideation ofthe interests of future communities,
foreseeable needs of future | and the direct and indiredmpactsthey mayexperiencefrom decisions made
generations today. This principle applies even where the need for a response to climate

change has not yet been identified.

Avoid, remedy or mitigate Policy 25 of thdNew Zealand Coastal Policy Statement 20NDGPSefers to
adverse effects GKS NRal 2F aaz20Alt3X SYy@ANRYYSyll ¢t
seeks to reduce, or at least avoid increasing, risks of harm and adverse effe

Precautionary principle This principle is applied at the planning response stage (stép8 6f the
decision cycle). It requires precaution for decisions where full information or
effects is not available, particularly when effects are potentially significant ol
decisions are effectively irreversible.

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

Stewardship/kaitiakitanga This is reflectedhiboth the LGA and RMA, stewardship kaitiakitangaforms
the basis of sound planning decisions in the interests of the community, to
F@2AR 2NJ YAYAYAaS t2aa 2F Sy@ANRy»
assert their right to own, control and manage their ancestral lands and
territories, waters andther resources.
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Principle Description

Community engagement Engagement with communities, iwi and affected people is at the heart of loc
government decisiommaking. For this to be effective, communities must have
enough information to understand the range of scenarios and the increasing
risks posed by climate chge 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 chahge
affect important places of value and require considerable sunk investment n
consider longerm impacts.

Financial responsibility and | Local government is expected to act within normal codes of financial
disclosure responsibility on behalf of the community. Local authorities are required to
disclose hazard informatioon LandnformationMemoranda(except where it
is apparent from a district planl.ocal government must also provide
information on governance in relation to the risks and processes, metrics ar
targets used to assess and manage the risk, if requested by the Climate Ch
Commission or the Minister of Climate Change under s5ZW oft€lieange
Response Act 2X2.

1.1.3 Applying a te ao Mbor.i | ens

LI @Ay 3 | GSANRIE S§KSMNE A St dseehtitfiR maddgihglaBdi

adapting to the impacts of climate change for Aoteardpholding the principles d Tiriti

o Waitang? is a central aspect of the lorfgrm adaptation strategyasoutlined in the national

adaptation plan (MfE, 2022d).LJLJ @ Ay 3 |  (mBand d2velaping addptatiors y &
NBalLkyasSa Ay LINIYSNBAKALI gAGK an2NRAX St SglriAay3
FRIFLIWGFGAZ2Y LINRPOS&aad YR SYLRGSNAY3I an2NAR Ay | RII

anidl dzNJ y3lF an2NR NB LINBeR&yoindent that @ biniqaeltodAbt@&arodl s 02 NR 3
and is integral tahe collective responsibility to ensure a flourishing environment for all

citizens. The equitable use of both knowledge systendiearoa is a importantaspect to

building resilienceenvironmental solutions Y R S Y LJ2 S, fdieyarmple thraulydh

weavingteaoa n 2INSINE LISOG A @S & | ywesteMisdiehcdzNA gbrBrhunitgntl (i K

maraebased environmenand partnering in cedesigned projects.

Applyingk  GS | 2 atheZedbnsd tdclindate ghginge can yield innovative solutions to

O2YLX SE LINRO6fSYad 9YLR ¢S Niheif le askatidkh(guardiang) KSe Ol y
gives them autonomy over the management of natural resourBefg 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
0KNRdzZAK (S |2 an 2 NActicg/litivala8 beXiffichiRifyh@ Bnpdssibleto y R LINJ
practise kaitiakitanga (Blair, 2002 as cited in McAllister et al, 2023; Selby et al, 20141)d
YIEYyF3aSNARZ 2¢6yYySNEX 3IdzZ NRAFYya FyR I20SNY2NBR 2F &)
contribute invaluable knowledge, skills and experience to environmental deaisaking

(Harmsworthand Awatere 2013).Some practices, such as mahinga &ad connections to

taonga species are related to geographical locatsueh as the coasa n G I dzNJ y,dtla a n 2 NA

K LI Iy Rwilkbg driticél ® éfBrining local and central government climate

adaptation responses (Mf2022).

8 Further guidance on the principles of te Tiriti o Waitangi can be found on the Waitangi Tniteisite
(www.waitangitribunal.govt.nz/treatyof-waitangi/principlesof-the-treaty) and in the 2002 report from
¢S tdzyA YITANR 6¢S tdzyA YINTANRZT HANHOO®
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an2NA a dFy3ralr é¢KSydzZd 6LIS2LXS 2F GKS fFyRO |
landscapes ardisproportionallyaffectedby climatechangeimpacts on the natural

environment for socialS 02 y 2 YA OSX Odzf GdzNF f FyR &LIANARGdzr £ NBI &
gAff 0SS RAALINPLEZNIAZ2YIF(GStfe FFSOGSREI a gAftf ar
Ihirangi report(lhirangi, 2021)nsight tothe rauora indigenous worldview framework for the

national climate change adaptation plaoutlines that, while variationsexistbetween affected

communities nationally, thisffect isdisproportionated S Ol dzA S Y I y& an 2 NRA LJ2 Lidz
w havestrong connections to the whenuan terms of sustenance, relationship and identity

w live close to the coast, or in isolated, oftenpoverished communities

w havelessaccess to datand information about climate change
W

havepoor existing physical infrastructuréroading, water, sewerage) within their
territories

w areheavily invested in primary industriethat will be highlyaffectedby climate disruption
or mitigation measures
w already have a high volume isladequate housing

w arealreadyexperiencing environmental stressvater source pollution, degradation,
overallocation or diversion of water

w experienceengagement challengefsom large pockets afocially and culturally
disconnectedribal citizens, asirbanisationdisperses the iwWK | Lplipulation

Seaf S@St NR&AS LINBaSydaa I arx3ayAFAOryd O2y OSSNy F2N
GK2a8S NBaAARAY3I Ay O2lFaidlf I NBlFad ! LIWINRPEAYI GSt @
highly susceptible to coastal inundation due to projected6e8a @St NA&AS 06¢S t dzy A VI
These findings bring attention to the significance of acknowledging and effectively addressing

0KS @dzf ySNI oAt AGASE YR NAaAl& SELISNNSYOSR o0& ar
particular, it highlightshati KS OKI f f Sy3Sa NS Y2NB LINRPy2dzy OSR
necessitating greater adaptability measures. It underscores the need for targeted strategies,
well-planned interventions, and continuous assessments to safeguard the resilience and

wellbeingofil KA & 3INRdzL) 6¢S tdzyA YI]1ANRI HAHOO®

Indigenous communities are often challenged with histories that complicate their climate

change adaptation planning with authorities, sucHaasl alienation and acces®s land and

resourcesd ¢ KSAS @dzZf yYSNI AT AGASE INB FFFSOGAYI an2NJI
locations such as at the coast aradljacentlow-lying land(MfEand Stats NZ2023)

Despite being disproportionately affected, maayn 2 NA  O2 YYdzy AGA Sa | NS | f NBI
AYLX SYSyGAy3 yR fSIFIRAY3 OfAYFOS AYyAGAFGABSE |
recovery responses in severe weather evant2023and are often seen as leaders for

adaptation and recovery work at plac®.E | Y LI S a-ledtlinatea actMihitiatives are

outlined inl KS  a A QolauniNEBd@eireat and adaptation fundindssues and options

(MfE,2023).

20 Coastal hazards and climate chamggdance



Step 1: Set the context and prepare

RauoraRramework

TheRauor&dNJ YS@g2N] FAYA (G2 LINBY23GS GNI yaTF2NXYE(
OSYGNRO 3JdzA Rl yOS G2 0 2 { Kclimate 2hddge résporisésizy A G A S
(Areta,2023; Tapsell, 2022). It is an ambitious framework that advocates innovative
climateapproaches through aimdigenous lens (lhirangi, 2021). The framework offers a
O2YLINBKSYaA@dS LISNBRLISOGAGS 2y OftAYILIGS OKIFy
GFO1tAy3a OfAYFGS OKIftSyasSa FyR O2y{NXodzi
of climate change (Areta, 2023).

1.2 Setthe context and prepare

1.2.1 Coastal hazards and ¢ limate change

Coastahazardshave had both an historic and ongoing impact across coAstaliaroa

irrespective of climate change and SHBwever, timate changewill generak increasngrisk
across coastal Aotearoa, which will be ongoingctamturies due to SLR and other climate
change effectg¢seeClimate change, selavel rise and coastal hazards science: Coastal hazards
and climate change guidanceSupplement A

¢KS GSNXY WKITFNRQ A& don&dithekompondatitatdavdsikhie vy OS (2
accelerating risks arising from climate chaiadng with the exposurand vulnerabilityof
people their assets and things theyvalte ¢ KS WKI T I NRQ O2YLRYSyid 27F N

climate for coastal areas can be related to either:

w a worsening of hazard eventsmagnitude increasingrequency persisten and compound
or multiple contributors}that are conventionally seen as a hazard (eg, more frequent
coastal flooding or erosion), or

w a progressive change the coastalenvironmenf® caused by climate chandeg, a rise in
sea levelrise in estuanand or harbour temperatures and increased rainfall intensity)
andrelated impacts frongroundwaterrise and increasing salinity of lowland freshwater
systemswhich will likely be irreversible for the foreseeable future.

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

w coastal erosiorand coastal instabilitycaused by coastal processes, storms, SLR and
changes in longerm sediment processes.

w coastal floodingcaused by storms and changed climatic conditions, or progressive
inundation from high tides, all exacerbated by ongoing SLR.

w rising groundwater(including compound flood hazards)d progressive salinisatiom
coastal areas and inland lelying coastal plains.

9 Policy 1, NZCPS and DOC guidance (B, 2010, 2017¢ombining Policy 1 amblicies24¢25, the
DOC (2017) guidance note stafpsl5)that Policy 1(2)(d) can be interpreted as meaning all areas
identified asdpotentially affected by coastal hazards over at least the next 100 §shmuld be included
gAGKAY (dandronHénibravitidh the NZCPS applies.

Part A: What is happening? 21



These hazards will generate cascading direct and indirect impacts on coastal systems and
human wellbeing® However, unpacking how climate change will affect these hazards is
complexbecausecurrent coastal erosion patterns may be more dominant or obscure the
impact of SLR for many decades to cof@ckson and Thompson, 2020)

Figure3 summarises how climate change driven hazards (SLR and changes in storms,
precipitation and surface temperatures) exacerbate extreme evantdead toprogressive
and permanenimpacts on the coastal environment.

0V 28fftoSAy3a R2YIAY&asS FfAIYSR 6AGK (GKS F2dzNJ OF LIAGEE & 27F
blFrGA2ylf 5AaFaGSNI wSaAtASYyOS {(dN)IGS3I& o0b9a! s HAMPOI
built environments, economic, and governance.
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Climate change and SLR will not introduce any new types of coastal hazards, arethey
changinghe nature magnitude frequencyand extent of the impast Furthermore, SLR

andmore frequent extreme events witiause compounding consequences that occur
simultaneouslymore oftenand across several locatiomsth cascading impactadditionally,

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 andnsfagal runoff from both
anthropogenic interventions (eg, langse change, catchment hardening, coastal protection
structures, dredging, pumping) and compoueftects of climate change on rainfall, waves and
sedimentrunoff.

TheNCCRAMSE, 202(n) recognises the significance pdssible cascading impadtee

figure 15in step 4, for example, the risk of coastal erosion afflect multiple domains,

including the natural and built environments, humans and the econdrhgrefore, these
hazardswill increase the risks to coastal development aneate risks not yet experienced in
certain locations (eg, inland floodin@oastaknvironmentsoften experience hazards in other
forms, particularly river floodingwhich is compounded by tidal influence and Sldral
government needto considemmulti-hazard assessmenits these duations. 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 flexiblegast under

different future conditions (MfE, 2020).

Figure 4 shows the levels of coastal flood exposure in different regions of Aotdama

KAIKS&aG odzAt RAy3 SELIR&dAZNBE A& Ay [/ | yiSNDdzNE X

Canterbury have the longest road network exposed.
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Figure 4:
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1.2.2 Coastal adaptation and m  anaging uncertainty

Despite our increasing understandingEafith systems, the future remains inherently hard to
predict, especiallypecausehere is sociepolitical uncertainty about the rate of global
emissions reductionThe responses of ocean and ice environments to climate chiaange
long lag times, their effect is progressive and ongoingtbeyare accelerating, and surprises
cannot be ruled outSome of these changes are already being obse®edling with this
uncertainty is central to this guidance.

Regardless of emissions reductions, ongoing SLR is cantiimojectionsare a wayto
understandhow different emissionsscenariognay impactin future. Out to 2050there is a
comparativelynarrow range of SLR of i#tresto 0.3metres, but this rangeéncreases
whenwe look out to the end of the centurp 0.4 metres tol.2 metresand beyond,with
deepuncertaintyon the rate, timing andnagnitudeof SLRDeepuncertaintiesalso exist
aboutthe pace ofchanges to bighysical systems (egmnpacts ofocean heating and polar
ice-sheetinstabilities), as well as future soes@onomic 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
deepeninguncertainty also involves considerable risk. Instead, uncertainty needs to be
accounted for by consideringveide rangeof plausiblefuture conditionsin developing a
adaptiveplanningstrategy.

Compounding and cascading coastal hazards introduce increased risks to coastal locations.
Assessments and mapping of coastal hazards can inform communities iakd-iieJn ~ LJ- NIi y S NE&

of the extent ofthose impacts and what values would be affectedllowingthe initial steps in

the 10-step decision cycle, a risk assessment should be carried out and an assadpitle
planningstrategydeveloped and implemented.his may go beyonstandaloneclimate

change risk assessmeritmt are being developed by councilwith this guidanceproviding

best practice focoastaK T I NR F daSaaySyda FyR Sy3rasSySyid oAl
partners and stakeholderThisassessmenshouldtake community and iwi/hap values into

consideation, and then integra¢ vulnerability assessments with the risk assessmiststhe

adaptive planningtrategy

Risk -based approach

The ISO international adaptation standaftsO 2019 2020 2021) set out a consistent,
globally accepted framework for climatelated risk assessments and managing identified
risks. The focus is on timarying consequencesXposureandvulnerability), depending on
assessment of the climatdrivenhazards

In practice, the focus should be on:

w Wi S zadaptgtianéesponses to climate change against plausible fusiraredsocio
economic pathway§SPscenariosand RSLR projectiorend the resultingoastal hazards
and risksand progressive changesnd then

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

w Wresstestinglo anticipate the potential impact of surprises and unknowns, especially
elements of placdased risks with high uncertainty frooompound hazards anchscading
impacts (Logan et al, 2023).
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Step 1: Set the context and prepare

Understanding changing risk over tirteeefigure 7)is central to adapting to climatehange
related coastal hazards. Existing risks will continue to rise, and nhew 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 adaptatiowever,

this means the community will experience considerable damage Titdscould make it
challenging to makadaptation decisionsith long-term planring horizonghat can anticipate
consequences of extrerseand progressive impactBuilding adaptive capactiyshouldenable
our communities to avoid or m®memoreresilient to coastal risks.

Adaptation for coastal hazards

In human systems, adaptation is the process of adjustirte@ctual or expected climate and
its effectsto moderate harm or exploit beneficial opportunities. It addresses a changing state
in the climate and its impacthat manifest in uncertain andynamicways anccannot be
predicted over the long term.

Some types of changean be adapted tby making incremental adjustments to the way the
coastal environmenis managedOther types of change may require completely new ways of
doing things, including transformational soc@ald physicahdjustments that change the
fundamental attributes of natural and human systems (IFRDC4a).

In this contextit is important to considethe potential formaladaptation These ar@ctions
that may unintentionally lead tanincreased risk of adverse climatelated outcomes
through greater exposureshen adaptation actions faifn increase in residual riskay also
be createdby shifting risk to others in space and tincreasinggreenhouse gas emissions,
increasng vulnerability to climate change and redegtwellbeing now or in the future

(MfE, 2020n).

Although the appropriate location, formind design of new developmeirt the right places

can contribute tofuture-proofingour communities, many are already under threat from

natural hazard eventand coastal flooding from ongoing SkRich 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, peopdsd council€an work together tavoid andreduce risk through

a range ofidaptation measure® helpbetter preparefor extreme, ongoing and progressive
climate change impactét is worth noting that daptation in coastal situationgiffers from
adaptive managementa meclanism sometimes included in resource consent conditions,
where decisions cabecomelocked in until they failAdaptive managemeristypically
appliedto ecosystems, water allocation and water qualdpd canhave 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,resfmnd to the
consequences (IPCC, 2022: Annex Il: Glossary)
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Underthe conditions of a changing climaterotectandaccommodateadaptation measures

are increasingly becoming transitory because of physical, economic, social and cultural limits.

This meansauncils and communities shoutobt rule out the full range of adaptation optiotts
for areas under threain recognition that the different ofpons have limits to their
effectiveness over tim@VIfE, 2022a).

Severallifferent types of adaptatiomptionsare available(seefigure5).

w Avoid: Sops people and assetseing putin highrisk locationsThisprimarily ugsland-use
planningmeasures, spatial plannirand adaptive management of assets and services.

w Accommodate Stay in place and make changebtaldings and infrastructure tamprove
resilienceand work around the increasing ridfor exampleraising floorevels or roads,
buildingrelocatable houses, setting minimum build levelsd providing alternative
inundation flow pathsProvide room for beach or shoreline change processes and ponding
of intertidal areas further inland.

w Protect Stay in place and amage the hazard by defenditige shoreline For example,
maintainingor enhancing natural buffers (dunesstuaries; seebox 12), hard structures
(seawalls, rock revetment, soft engineering (renourishment, geotextile, sand tubes),
tidal gates, pumpsandplanting vegetation to support land accretion

w Retreat Permanent removal or relocation of existing habitatigogeéple andbuildings)
assets and services from the coast in a planseéabed and manageapproachover time.
lfaz2 FLIWXASE G2 WYIFyYylFI3ISR NBFtAIYyYSyidiQ oeé
flood banks to allow wetlands and marshes to migrate further inland (Allan et al, 2023).

Each type of adaptatioaption has different lifetimes and will have different performance
limits. In generalavoidance 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, avarietyof optionsshouldbe consideredandthe option chosendepending on
the local circumstance$or examplein areas of significant existing developmémnOnly
avoidance and retreat strategies provide permangductionof risk.

Figure 5:  Types of adaptation options and actions

Avoid Accommodate Protect Retreat

A suite of dfferent options and actionare often necessary depending on the location and
type of coastal geomorphologgnd thecombination ofadaptation optionaused willchange
over time. The most appropriate adaptation options will be different for every community or
project. A placebased and rislbased approach shoultelp to meet the specific needs and

12 consistenwith the direction inNZCP®olicy25 andPolicy27 (DOC, 2010)

13 Hard protectionstructuresare discouraged by the NZCPS (Policy 27) and DOC guidance@De)z)17)
due to the potential for adverse effects on the coastal environment.

14 see NZCPS Policy(®0OC, 2010)
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Step 1: Set the context and prepare

circumstances of the communigndthe councilto ensurerobust outcomesare well
supported and understood by the community.

Adaptation is now an integral part of climate change policy worldwide. The level of adaptation

needed wilbef | NEStf & RSTAYSR o0& (GKS Fdzidz2NE RS@St 2LIYSy!
global landuse patterns, population growth and the resolve to swiftly reduce greenhouse gas
emissions This ivecause these dictate the amount of additional warming we will experience

as well aghe rate of mass loss of the Antarctic ice shée¢, supporting sea icevarming of

the oceansand incidence of extreme weath events Furthermore Heepuncertainty exists

throughthe lack of scientific understanding tife processeshat determine the rateof ice-

sheet lossThe biggest uncertainties in Sjprojectionsrelate to:

w theemissions pathwayhat eventuates
w polar icesheet dynamicand instabilitie$

w relative SLRertical land movementéincluding earthquakes)

Regardless of what we do nowpwever, SLR will continue for at least sevarahturies
(FoxKemperet al, 2021) While redwcing emissions will slow down the raéed limitthe
amountof SLRthis will occur over long timeframeghe scale, extent and impact of the
increasing coastal risk will be unprecedented achsearoa(seebox 1). Figure6 also
showsan example of adaptation options in an evolving and shrinking adaptstiace
anddemonstrates why we need to adapt.

BOX 1COASTBOSE A SPECIAL CASE FOR ADAPTATION

Coasal hazardpose adistinctive and severe adaptation challenge for decisimaking
becausehey dealwith both progressive and ongoirsgalevel rise(SLR as well asncreased
frequency and magnitude of extreme events (IPCC, 2@#)stal hazards are also
exacerbated by other historical and future changes in sediment and watershed runoff from
both anthropogenic interventions (etand-use change, protection measures, dredging) and
increasingly, the compound effects of climate change on-8bR processes (eg, rainfall, waves
and sediment runoff)These hazardsvill occur earlier where rates of relative SLR laxally
higher (land subsidené®, and will reach higher levels if lolikelihood, highimpact 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 ofSLRand the rate magnitudeand scope of ongoing impacitBhesedifferences
will also vary regionally and locally in Aotearoa New Zealand, creating unequal impacts on
communities LGNZ2016b) If the risk isunderestimated the consequences will be severe
with lasting social, cultural and economic effedtshe risk isoverestimatedfor a specific
timeframe, usingrelative seaevelriseprojections based on high@missionscenarios, tfs

will be temporary(decade to multdecadatimescale$ This isbecause sea level will continue
to rise, even as emissions are reducedd it is only a matter of time before the adaptation
threshold is reached for those exposed to ttiek While overestimation placesoststoday,

the observed and increasing climate change impacts mean tuttentand future
generations areand will be payingthe costs|t 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 tippiing temperature of 1.82.0°C is
reached (ICCI, 2023)

16 See notes fotable 6
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BOX 1COASTBOSE A SPECIAL CASE FOR ADAPTATION

30

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 premium:
or withdrawal of insurance)gnoring theseconsiderationss likely to create newr intensify
existinginequalities and shift the burden to the welfare state and taxpayers (Handmer)2008

There is already committed Sldrie toheat stored inthe oceansandfuture ice sheet

responseo historicgreenhouse gas emissiarmpacts are being observed ndrom past
emissionsand nearterm risks are projected to emerge well before 205@\yet al,2023;
Stephens et al, 2018). The ability to adapt to current coastal impacts, to cope with ongoing &
increasing coastal risks, and to curtail acceleratioSld®eyond 2050 depends on neterm

and ongoing mitigation and adaptation actions. But there are limits to adaptation in the face |
progressive SLRhich, over time, will be existential for manycesystems and human systems.

Limits to adaptation

As protection becomes unaffordable and the limits to accommodation become obvious,
planned relocatiorandretreat may become the only way exdresshe impacts of inevitable
flooding in lowlying coastal areas. This makes SLR a particular challenge for adaptatios.
6 demonstrates this as an evolving and shrinking adaptation space as the sedhisesks
associated with raladaptationshould alsde considered.

Adaptationoptionsthat have a limited lifecan potentiallylead to lockin of people and their
communitiesand Permanentbuildings and infrastructure, making it harder to change policy
and measures as the sea advances. Temporary adaptation options like seawalls, filling land
raising buildings above flood levels may buy time if they can be implemented quickly, but the
canentrench developmenand limit access to communitiesyaking it harder to transition to
options likemanaged retregtwhile alsoincreasing ongoing adjustment cosBanning
methodsto mitigate the risk ofock-in and limited life to adaptation measusshould be
developed and implemented as part of adaptiveplanningstrategy Responses are more
effective if combined and/or sequenced, planned well ahead, aligned with sociocultural value
and development priorities, and underpinned by inclusive community engagement processe:
(IPCC2022).

Considering both shortand longterm adaptation needs, including beyond 2100, can
reduceadverse consequences and inequitable losses and damages to vulnerable people
and communities.

Coastal hazards and climate chamggdance



Step 1: Set the context and prepare

Figure 6:  Bvolving and shrinking solution space to address desel rise

I History of
protection

| Flooding of stormwater
1 and wastewater infrastructure

I Coastal population I International
growth and migration funding

4 b Insufficient risk reduction
} Gravity drainage not | Salination threatens freshwater 4 Unaffordable 4

+ possible, pumping required 1 for food and drinking

' I Socig-economic developments
| Attachment 4 Culture of living Sunk costs outside coastal zone

| Lack of I No-build 1 to place T at the coast

Lack of insurance I End of infrastructure lifetime

+ available land zones

I Funding,
eg, buyout I Effective retreat I Other solutions no longer
to other areas viable or affordable

I Awareness

# Lack of time

I Culture of living 4 Insufficientrisk | Flooding of stormwater and
with the sea + reduction + wastewater infrastructure

4 Salination threatens freshwater
t for food and drinking

Sea-level rise @ Protect @ Retreat @ Accommodate | Widening solution space | Shrinking solution space

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 ratibetween the three adaptation strategies, with retreat becoming dominant. This will apply
differently for different coastal types due to local contexts.

SourceAdaptedfrom Haasnoot et a{2021)

Dynamicadaptivepathways planning

To help local government and communities malkeisions when the magnitude and rate

of SLR is uncertaime recommendising the Wynamicadaptve pathwaysplanningYDAPP)
approachfor developingadaptive planning strategseThis approach is anticipatory rather than
reactive, and it can help avoid decisions that are inflexible and costly to chamgeer
information on DAPP, and how to do this, can be founstép 5 box 11, appendix A.@nd
appendixC. Monitoring the performancef the adaptatiomactions andptions as sea levels
continue to riseenables thamplementation ofdifferent combinations of actions and
pathways as needed by the community, councils and infrastructure providerstremdfore,
should start as soon as possible.
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Suchplanning carntake the form ofa series of interlinke@otential pathways to meet
communityand councibbjectives (figur&’). The plan is monitored faignals’ that warna
change is occurring\ predeterminedrigger® then indicateshat the objectives may soon fail
to be metand need to be reevaluated A decision then needs to be made about whether
change in course is needed to continue to achieve the objectimdsavoid reaching an
adaptation threshold The predetermined triggemeeds to be designed with sufficient time
before the adaptation threshold for new adaptation measuresnplemented.Note that
whilefigurer Ay GRAFRFOS P | & optigh this Rdrawii froihdn thigrnational
example Advanceshould berarely consideredan adaptation optiorin the Aotearoacontext
(reserved for infrastructure and portbpcauseeclamationis a discouragedactivity under
Policy 10f the NZCP@OC, 2010)

Figure7: Generic adaptation pathways for coastal cities and settlementsserlevel rise

Generic Examples of
strategies specific measures

A
Sea walls, levee

Wetlands, mangroves, \
coral reefs

A Wet and dry proofing
EACCDI modate built environment

Retreat No build zones N 10.

Planned relocation —/

>

Increasing risk to sea level rise (mean and extremes)

Successful pilot, lack of development sp&riggers advance, or protect due to lack of support, time or finance.
Preference for naturdased solutions.

Unaffordable, salinisation, pumping limit, lack of support.

Unaffordable, pumping limilack of time, support, knowledge, material.

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

Hybrid strategy.

Frequent flooding, flooding creates access problems.

Warming, limited space, human pressures, frequent flooding.

© ® N O~ LDNPR

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 equiriggers shift.

SourcelPCQAR6 WGICrossChapter Paper 2: Cities and Settlements by the G&av6vic et al2022 figure
CCP2a)

17 signalsare 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 Triggersare 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 thrégh®reached. See glossary for
full definitions.
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1.2.3 Preparatory tas

Step 1: Set the context and prepare

ks  for developing a coastal adaptive

planning strategy

Table3 summarises thenainp

reparatory tasks for developiran adaptive planning strategy

for coastal hazards and the effects of climate change.

Table 3:

Preparatory tasks for developing dynamic adaptive pathways plannind@APR strategy

Tasks ‘ Description

Establish a mukilisciplinary team
and agree on the best way to
work together.

Establish an early and preliminary mandate for #tptive planning
strategy.

Decide orproject managementpreliminary resourcing angovernance
arrangements in the preparation stage, before you bdgiPP

Establish thescope context and
objectives.

Identify the scope ofelevantcoastal hazardghat will be included in the
adaptive planningtrategyand objectives for the projeceg,all coastal
hazardsor only somefor all o some of theareas at riskscale, extent The
scope may be informed by thextent of lowlying coastal areas, areas of
potential groundwater rise and drainage effects, previous hazard events
reports, and multiple hazards.

Collect available, relevant information (dgzarddata,demographics, socia
and environmental processes, monitoring data, relevant plans and polici
iwi management plans, topographic data and aerial imagery).

Agree how your team will engage
GAGK AGAKKI LN

tF NOIYSNI 6AGK YEFEYLF 6KSydzr SENIe i
Engage from the beginning with mana whenua and other communities fc
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.
Engageearlywith the wider community for best result$his mayinform the
scope and objectives of theroject.

Provide a space fapen andconfidentialdeliberation to understand the
practical issues of creating resilience.

{881 2dzi 20+t 1y26fSR3ISET SELISNA
an2NAZ YR gKFEG LIS2LX S OFfdzS o2

Agree on the approach and
mobilise resources.

From the contextual information, decide on the overall approactitier
DAPPhazard, risk and vulnerability assessments; and the adaptive
framework.

Develop a case for the project within and among council partreensfirm
mandate and secure funding.

Develop a work programme.

SourceAdapted from Glavovi2021)

Building a team

A multidisciplinary team will be necessary to implement thesi€p decision cycle. A wide st
expertise, skills, knowledge and information will be requide@ tothe 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 selde 4).

Importantconsideationsinclude

w thesort of leadership, integration and relationship management and engagement
(enabling) skillsequired

w necessaryore knowledge (eg, technical expertise, planning and pafitpgstructure,
AGAKKFLI 1y2¢6ftSRISE a20Alt aOASyoOS
facilitation skills)

G SOKYAIldzSa
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w thenetworks and linkagethat can be drawn on or established to access skills and
knowledge the team requires but does not poss@syg coastal biodiversity expertise or
coastalsedimentationor erosionexpertise.

Table 4: Skills, disciplines and knowledge sets to consider in an adaptation team
Considerations ‘ Description
Enabling skills Leadership, integration across portfolios, engaging withLJdzo £ A O & (i N

relationships and links.

Knowledge sets Coastal management, coastal hazards, planning and policy, civil defence and
emergency management, legal, economics, community engagement, facilitatiol
AGAKKEFELIN Sy3alF3sSySyid LINE indigerblisknollgbidedike
Ynil d2NFyy3IF an2NAZ 0A2RAQOSNEAGEZ NI
and parks, hydrology (includes groundwater), engineers, surveyors, adaptation
specialists, science communicators, emergency response organisatiosss, cro
organisational governance and monitoring exjss.

Access to networks and | Historical information, institutional knowledge.

links Access to networks and liaison withportant businesses, industries, utility and

AYFNF &0 NHzOGdzNE LINPGARSNEZ 20KSNJ €20
representativesinsurance Council of New Zeala@townresearchinstitutes (eg
GNSScienceNational Institute of Water anétmospheric ResearciManaaki
Whenuag LandcareResearch and privateand public property owners.

Importantindividuals and groups who are strongly networked with the core tean

Te Tiriti 0 Waitangi and te¢ Working in partnership witland resourcingg n 2 NA = St S@I G A y 3
2 an2NA Ynil dNF VVEY RahB N¥YAy 3 F2N antBeNdulid© &
response to climate chand€ommunityled retreat and adptation funding: Issues
and optiong MfE, 2023)).

SourceModified from thelrish Local Authority Adaptation Strategy Development Guid@Bnay, 2016),
thea A yAadNE T2 NJ fiisknatiorealadaptatiBnyple®I§E (2022) andthe Rauora Framework
(Ihirangi,2021)

Recommended Understand the statutory framework and principles for
key tasks to managing coastal hazards and climate change impacts.

complete before

moving to Step 2 9y 3AI3AS gAUK AgAKKI LN anz2NA

tangata whenua to ensure that climate adaptation
NBalLl2yasSa | NBE AYyFTF2NNX¥SR o0eé
anzNMANO®

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

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

This entire section has been substantially revjsemnparedwith the 2017 guidancego
incorporate theupdatedintergovernmental Panel on Climate ChangrO2021sealevel
rise (SLRRprojectionsas set out irthe Interimguidanceon the use of newealevel rise
projections(MfE, 2022). This2024guidance is largely consistent with thrgerim guidance
and, regardlessit is critical local authorities follow theationaladaptation plan (MfE, 2022a)
with regard to these issues

This section recommends newlative sedevel rise RSLRRprojections out to 2150which are
available from theNZSeaRise platforwith and withoutvertical land movement\(LM) rates.
The projections cover a range miausiblefuture trajectories of the rise of mean sea level
(MSL) for Aotearoa New Zealadthese RSLR projectiomsincrements® of RSLR heights (eg
0.1metre or 0.2 metres) are usd as inputinto hazard and risk assessmesrfstep 2 andtep 4
and inform the development of dynamic adaptive pathwasis|j 5andstep 6 that enable
timely adaptation to the range gflausiblefutures.

Until an adaptive planningtrategy is developed for a location or region, interim precautionary
RSLR allowances are provided for differemtiegoriesof landuse activities for use in plan
updates.

@ What is happening>

Set the

context and G
renare sea-level rise
prep and coastal QE
hazards
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& 10 c objectives ®,
L2 ommunit w
R ' 3 3
$ engagement S
. -
Monitor ~
‘{\é} Drivers of change 4 Assess
New climate information; vulnerability
signals and triggers; and risk
social, cultural and
8 economic change
Implement
7 6 Identify
%< options and
% Develop athways @
%, the adaptive [ Y
] a
% planning Evaluate &
%, strategy with ontions and &
2, signals and P Ry
S triggers pathways ¥
2 &
e &
Stray X
Ssy>

W
&

19 Use of increments of seavel rise (SLR) heighase neutral with regard tousing aspecific scenario or
vertical land movement (VLM) rate and make it easier to update assessments if projections or the VLM
rate change.
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2.1 Assessing sea-level rise
2.1.1 Current and projected sea-levelrise

M easured sea-level rise

After centuries of relative stability, SLRAotearoastartedaround1900 Clement et al, 2016;
Gehrels et al, 200&ehrelsand Woodworth, 2013). Figure8 shows the changes in annual

20t a{[ |G G§KS OhaaydérNiBgdise ipdseadeNiituyesea Igvelisl2 NIi & &

masked byclimateandoceanvariability on yearly and decadal timescatékong records of
MSLare necessary to asseS&R ands accelerationwhich exist for our four main porisnd
Moturiki. Splitting the record into approximately two equal periods of 60 years shows a
doubling in the rate of SLR around thetearoacoastline since 196¢

Figure8: Change in annual mean sea level for the four main ports and Moturiki between

1900and 2020 spliced with a range of dlv Zealandaveragedsealevel rise projections
based onshared socieeconomic pathwayscenariogo 2050

Historic relative SLR (5 gauges) spliced with NZ-wide projections (NZ5eaRise)
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Note: Annual ga levelfor each gaugsiteis relative to themean sea levdb a local land datum, averagéem

1995 to 2014 (period used for tHetergovernmental Panel on Climate Chargjeth Assessment RepgiPCC,
2021)and NZSeaRisg@rojections, with migpoint at 2005) Accurate sedevel measurements are only possible a

few kilometresoffshore (which excludes neahore effects on coastal séavel)due to the landshadoweffect on

the altimeter signal. SesectionA.3.30of Climate change, selavel rise and coastal hazards science: Coastal hazards
and climate change guidanceSupplement Aor more commentary.

Source data: StafdZ coastal sekevel rise marine indicator seriest{p://www.stats.govt.nz/indicators/coastasea
levelrise) combined withsealevel riseprojectionsfrom a central locatior(x 0.025metres by 2130across w
Zealang from the NZSeaRiselatform without including vertical land movement
(NULttp://www.searise.nz/map<2).

20 This is influenced by seasonal changes, the tavdour-year El NifigSouthern OscillatioENSOand the
Interdecadal Pacific Oscillation (IPO) overtdB0-year cycles.

21 For moreinformation on the record, refer tovww.stats.govt.nz/indicators/coastalealevetrise.
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Step 2:Assess sekevel rise and coastal hazards

Sea level rosB.21 metreson average across Aotearbatween 1901 and 202¢ which
explains whyow-lying areas are already experiencing an increased incidence of coastal
flooding(see box2).22 Ongoing SLR will cause more frequent flooding beforeaaidury,
with very high confidenc@awrence et al, 2022). As sea level contstoaise, so desthe
scale and frequency of adaptation interventions.

BOX 2ROLE OSEALEVERISHEN INCREASINGOASTAL FLOOD EVENTS IN

AUCKLAND AND HAURAKI

23 Jan 2011 5Jan 2018

Photos(from left to righ?): Browns Bay Wharf, Aucklani§ohimaramgMission Bay)AucklandFirth of
Thames, Hauraki Plains.

In Auckland, the highest stortite level on record for the 20th century occurred on 26 March
1936. A cyclonic loygressure storm generated a storm surge, coinciding wiple@ggean
springor?1 Ay3Q GARS® { 2YS ,dndwaiied seterely datag&iihg Brovh©
Bay WharfHistory repeated on 23 January 2011 (photo at leftien ex-tropical cyclone

Wilma arrivedafter a perigean springide, leading to damaging coastal inundation of Hying
areas of Auckland.

Both storms weré® in 100yearevents(1 per centannual exceedance probabiljtybut the

2011 event was 0.13 metres higher than in 1936, causing deeper coastal flooding. Most of ti
difference in peak water levéletweenthese similar stormss attributable to the 0.12netre

rise inmeansea level over the intervening #&ar period.

A similar situation occurred in the southern Firth of Thames. On 4 May 1938, coastal floodin
of the Hauraki Plains caused extensive damage. Subsequently, the coastal stopbank was
raised. Eighty years later, on 5 January 2018, the storm tide and wavecsenhgclose to
overtopping the stopbank systeaiong the southern Firth coastline but did resultextensive
floodingin the Kaiaua/Wharekawa and Te Puru ar@aoto at right) The intervening rise in
mean sea levedince 1938 was a contributing factor.

As mean sea level continues to rise, coastal flooding will become much more freaqaent
episodically deepeior low-lying coastal areas.

Sources: Tide gauge data (Ports of Auckland Ltd, Auckland Council); BarnettNE98B)et al (2020)Climate
change, sedevel rise and coastal hazards science: Coastal hazards and climate change guSiapolement A
Photos: (left) B Eitelberg; (right) Farmers Wedkiyp://www.farmersweekly.co.nz/news/seg¢hreat-arriveg

22 This occurred, w average, across the four main port records. Seev.stats.govt.nz/indicators/coastal

sealevetrise.

23 See Bell, 2021; Lawrence et al, 20Rarliamentary Commissioner for the Environment, 2014, 2015;

Stephens et al, 2018

PartA: What is happening? 37


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

Updated climate scenarios

The cornerstone of this guidance is theeof SLRprojectionsderived forclimate change
scenarios in hazard and risk assessments, distnidtegional plans and adaptation plannitfy.
Scenarios araeot Predictiongbut rather a description(narrative)of how different futures

might unfold, and thexan beused to stresgest adaptation optionsdynamic adaptive

pathways plansor strategies.They can help inform the development of objectives and policies
and informthe effectiveness (or otherwise) of risk management strategies, including any lock
in dependencies relying on a single type of option.

{(OSYFNR2a FEft26 O2YYdyAGASAS AGAKKELIR FyR adhq ¢
K I LILIS ¥ K énHghtéar?afaPtgttion threshold be reachetl®y R G KSy a2 K& OFy 4S5
Fo2dzai AGKE GKFG KSE LI Aff dza( NI G S-relateddutédimes | YR 2 L

For SLR, usimyojectionsacross a range of scenariaith a dynamic adaptivpathways
planning(DAPPapproach avoids a prselected estimate of selevel change (and associated
impacts) being invalidated his iglue toupdated sedevel projections becoingavailable or
conditions chanimg (eg, changes in VLMtesor polar icesheet responses)t is notpossible
to assign likelihoods (probabilities) of occurrenaenyclimatescenarig becausehese are
narrativesdescribing broad socieconomic trendgHorton et al, 208, van de Wal et ak022)
Therefore SLR projectiorscross a range of scenarisisould be used

The goal of working with climate change scenarios is not to predict or forecast the future.
It isto better understand what might unfold under a consistent set of assumptions and
associated uncertainties. This informs robust decisions for a wide rargeusiblefutures
(Moss et al, 2010).

In 2021, the IPCC issued an updated seiafalSLR projectiond-oxKemper et al, 2021)

based on new scenarios called shared s@cionomic pathways (SSPs), which include
sociaeconomicassumptions and changes that influence future emissions trajectories (see
Climate change, selavel rise and coastal hazards science: Coastal hazards and climate change
guidanceg Supplement A The scenarios span a wide range of plausible societal and climatic
futures, from a 1.5legreesCelsiusBestcas€low-emissionsscenario(SSPR.6)to over 4
degreesCelsiusvarmingscenario (SSP&5)by 2100 (Chen et al, 202Bven for the low

emissions scenario (SSP.B), averag&LR around Aotearoa could exceandtre soon after

2200 (able 6.

ThelPCGSixth Assessment Repo&Rg SLRprojectionsinclude two sets labellecthedium
confidencgout to 2150) andow confidencgout to 2300)(FoxKemper et al, 202XKopp et al,
2023 Slangen et al, 2032Themedium confidencé projectionsacross four SSP scenarios
form the basis of th&LR projectiongsedin this guidance.

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

% These SLR projections include only processes in which tharéest$hedium confidenc@viith some
processes aigh confidenc® &
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Step 2:Assess sekevel rise and coastal hazards

A more limited set ofow confidencerojectionsby IPCCuses a probabilistic ensemliteat

also includstwo land-ice contributiong® from the Antarctic icesheetand a structured expert
judgement procesd.ow confidencerojections represent the upper range of plausibility, but
GaOFyy2i 0SS NIz $R7).ZHed éan bk used té firther stresmt new, long
lived development along the coast and provide assurance that managed refrdahs
involving moving tather coastal areawill not be compromised in the lonterm by ongoing
SLRThey also convey the message that SLR will continue for cenfioeigsnd 2300) at a rate
depending on how quickly ary how much global emissions can be reducadd how quicly
the Antarcticice sheetloses mas¢Turner et al, 2023)

General onfidence in SLR projections has grown since the previou;2013 IPCEifth
Assessment Repoprojections FoxKemper et al, 20210ppenheimer et al, 21B; Slangeret
al, 2038) because of:

better understanding of the contributors to séavel change
longer datasets and improved coverage of the oceans and ice environments

better agreement between the improved models and observations to date

e e ¢ ¢

further understanding of icsheet dynamics and their uncertainties (Egiwards et al,
2021, van de Watt al, 2022).

It is important for counciland other users of this guidante understand the methods for
deriving future SLR projections, so they hassurancen their application here in Aotearoa.

Climate change, selavel rise and coastal hazards science: Coastal hazards and climate change
guidanceg Supplement Aas more irdepth information on the science behind tiS&SP

scenarios and SlgRojections We encourage practitioners to realis supplementfor more
assurancen their assessmen@ndto helpaddress questions during community engagement

Climate s cenario -based sea-level rise projections

It is recommended to usthe updated mediumconfidencescenariosand their associated
SLRand RSLRrojectionsout to 2150to cover the range gblausiblecoastal futuregsee
list below). Theyare derived from the sammodularbased frameworkised for IPCC AR6
projections(Kopp et al, 2023; Naish et al, in review; Slangen et al, 2022 dbudeclimate-
ocean response®arth crustal and gravitational changes and VLM ratesndAotearoa
(Levyet al,2023;Naish et alin review).

Five representative SLR projectipderived 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, glacerocean heating, land water storage changes, ice sheets) acrogsdasible
climate and socieeconomic futures (represented by SSP scenarios). From the ensemble of
thousandsof simulations of different combinationd processes that contribute to SLR (and
locally RSLR) within tlieamework for Assessing Changes to-Beal (FACT&amework

(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 Thelow confidencerojections included thdindings ofBamber et al (2018PeContcet al (2021)and
see section %.3.2.4 of FoXKemper et al (2021).
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This guidanceecommends using four estimates based on the median valug{Mgh
represents the 50th percentilgpb0in the NZ SeaRise platform), and the middle of the likely
range, for each RSLR projection. An additional estimate based on the-lmed of the likely
range, the 83rgpercentile p83in the NZ SeaRise platform) from the higid emissions
scenario SSP&.5 to represent H+ is also recommend@dhile theSSP8B.5H+ does not
include thelow confidencegpolar icesheet contributions, it repreents a plausible uppeange
for RSLR to reflect the deep uncertaintéssociated witlthanges to future sea levét

TheSSP scenarios and associgteaiections (in bold) align witthe 2017guidance(in italics)
as follows®

w SSPR6M U NZRCP2.6 M
w SSPA5M U NZRCP45M
w SSPF.OM U nla

w SSPB5M U NZRCP85M
® SSP®B.5H+U NZRCPS8.5 H+

A very lowendemissionsSSP41.9 scenario included ithe suite ofPCC ARG6 projectiortie¢
to achieing a global temperature at or below 1degrees Celsiyigs not usedn this guidance
but is availabldrom the NZ SeaRigglatform. While it provides aaspirational scenario

for global greenhouse gas mitigaticontributions likelyongoing future SLR mak# less
usefulfor planning coastal adaptation.

27 As a comparison, using the NZ SeaRise]l A 6 n  LIbw corfidemtanib-rahgeSSP2.5 (83d
percentile)set of SLR projectionsgacheshe same SLRom the medium confidenc&SPHB.5H+
projectionssoon afterH+,around 25 to 3@/earslater (excludingvLM).

28 For SLR, especially from polar-@teeet losses, there is deep uncertainty on how these climate feedbacks

will affect polar ice sheets once a tipping point is reached (ICCI, 2023).

29 Thelast number of the lsared socieeconomic pathway§SP¥cenario nameelates to thepreviously used

Representative Concentration Pathway (R@#)creasedadiative forcingWattsper square metre of the
Earth).M = medianrepresented bythe bold coloured lines and markers on the graphtheéNZ SeaRis
platform, also labellech50 (50h percentile of all simulations for that SS#)enusingthe data cursor.
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Step 2:Assess sekevel rise and coastal hazards

Box 3outlines reasons fousingthe SSPB.5 scenario and associated Sir&jectionsfor
coastal areas.

BOX 3SHOULD THE HIEND SSP8.5 SCENARIO BE USED IN COASTAL PLANNI

It is recommendedo use he high-end emissionsscenario SSP&.5, on which the media(iM)
and H+ 83rd percentilelsealevelrise SLRprojections are based, in coastal planning to
identify coastal areas potentially affected aatiow high-end stress testing of adaptation
options and pathwaysstep 9. This is to reflect thathe world hasbeen on a high emissions
trajectory in the past few decadeShisis alsocombined with theverylong timeframes (multi
decadal to centuries) for SLR to respond to releasadssions and the deep uncertairdpout
future emissions antlipping points The SLR projections based on S&BSepresent
plausibleupperrange of these uncertaintiesvhile not includinghe low confidence
uncertainties associated witholarice-sheet instabilities

The long lag in response of SLR means impacts from theyet realised commitments to

SLR from recent and ongoing emissions will be distinctly different compared with other clime
impacts. This is because other climate impacts (eg, heatwaves, préoipjtaind and so on)

are more directly tied to global heating and the associated shared -®atinomic pathway
scenarios. These latter climate impacts will be more responsive to reductions in global
emissions within relatively short response times (decsdanlike 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 25Q@ngoing SLR is now an irreversible process, unlike surface
temperaturethat will reach equilibrium some decades after emissions peak.

The Intergovernmental Panel on Climate Change Sixth Assessment Report from Working
Group ll(Riahiet al, 2022 p 386) describes how reaching emissions levels as high as the
SSP8.5 scenario has become less likely, high emissions cannot be ruled out for many
reasons, including political fact@rand éhigher than anticipated population and economic
growthe. Climate projections of SSB% can also result from strong feedback from climate
change, which means higénd projected climate impacts might also materialise while
following a lower emission path (Riahi et al, 20E2): SLRthere is deep uncertainty on how
these climate feedbacks will affect polar ice sheets once a tipping point is reached (ICCI, 20:
Overall, Riahi et al (2022, p 386), conclude that the-eigth scenariogcan be very useful to
explore highend risks of climate changeOngoing SLRoses such risks for coastal areas.

It is important for decisiormakers to understand and plan for the full range of possibilities
Aotearoa New Zealand may face, especially in coastal environntentsl)( Using SSP&5

(M and H+) for coastal hazard and risk assessment screestamg{andstep 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 Zealanc
[ 2Fadlt t2tA0e {GFrGSYSYGZGBhAE_RHAMASODIBRG
and climate change (Policy 24, New Zealand Coastal Policy Statement, DO@n&Gif)have
regard to thenationaladaptationplan (which also directs consideration of the same scenarios
(MfE, 2022a).

Even if the timing of a specific SLR height (up to at leaghétfes) for a SSP&5 scenario is

not realised, it will be reached decades or even centuries later for l@n@ssions trajectories
(seetable 5 and should be planned for as a plausible eventuality. Dealing with this uncertain
using a dynamic adaptive pathways planning approach, means if higher than expected SLR
eventuates, then the next option in the adaptation pathway can be implementedeearli

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 usBLR projections faghese maimpurposes:

w asthe primary input tohazard and risk assessments, along with projections for other
climatedrivers relevant to coastal areas (eg, rainfall intensity, surface and water
temperature, changes in storminess)

w for developing, evaluating and stresssting districtor regional plans and policies

w forinforming and evaluating the viability, effectiveness and Jimcgotential of adapation
options andpathways using theDAPPRapproach(step 5andstep 6).

Guidance is provided imection 2.13 on recommended SLR allowances to use in the interim
for decisioamaking,to be used prior to the development of an adaptive planning strategy.
This is to be usedntil a clearer understanding of the risks, adaptation thresholds, timeframes
and an agree@daptive planningtrategy emerges.

Two types of SL&eused for projections:

w absolute(or eustatic) SLR, measured relative to the centre of the Earthredatkd to the
risein oceanlevef?

w relative(or local) SLERSLR)which is the net rise iMSLfrom both: i) the absolute rise in
height of sea levelnd ii) local VLMt is therefore the net rise in sea levelative to the
local land surface or sdzed elevation on which assets and people are placed.

The SLR projections in IPCC afrbin the NZ SeaRise platform have a new reference (zero)
baseline (FoXemper et al, 2021; Sigen et al, 202). Projections are now referenced to the
MSL from 19962014 (midpoint 2005).AppendixD has updated MSLs, averaged across this
new reference period at several locations aroukmtearoa Therelevant local or regional
RSLRrojections are then added to the relevant reference MSL, to calculate the range of
future plausibleMSLand coastal flood levels to the nationdéw Zealandertical datum
(NZVvDB2016)

Adjusting sea-level rise for vertical land movement

RSLR directly tracks thet SLRof the adjacent ocean, relative to any change in land elevation,
and its effect on coastal hazards thstouldbe adapted to locally aregionally.Subsidence of
landmass is occurring partsof Aotearoa(figure 9, whichmeansincludingprojections of

RSLR isnportant for planning.

Sections ofAotearoab S ¢ %S+ f I Y R @hat cadtihite dosubside fvill ekaRerbate the
height and rate of SLR relative to the sinking land, even though the rdsalutesealevelis
no differentat the local levelOngoing land sulidence (eg, the soutbf the North Island see
King et al, 2024will bring forwardthe timing ofwhen a specific sekevel threshold is reached
locally, compareadvith stable or uplifting aread.and that is uplifting locally or regiona(lg,
parts of the Bay of Plentyyill experience a slower rise in the heigiitsealevel relative to the
rising land.

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

Box4 describes thepproachNZSeaRiseisedto derive RSLR projections atibketre
intervals around the coast of Aotearoging satellitederived VLM rate§figure 9.

BOX 4NZSEARISEELATIVE SEEVEL RISE PROJECTIONS

TheNZSeaRise research programme updated Aotearoa New Zealaddws®aise(SLR)
projectionsin May 2022(Naish et alin review) The NZSeaRisenethod is based on the same
WCNJ YS62N] F2N ! aERBAETRERmewsk ial\Bas usédzo génSrate
the 2021 Intergovernmental Panel on Climate Cha@iB€ Cgixth Assessment Report (ARG)
global and regional SLR projections (Rexnper et al, 2021; Kopp et al, 202&ish et al, in
review). TheNZ SeaRiggrojections combine theutput from the probalilistic sealevel
projection methodology used for thARR6SLRprojectionsfor the seas around Aearoawith
vertical land movemenVLM rates gridded from highesolution interferometric synthetic
aperture radar (INSAR) satellite measureme(fitgure 9. The result igprojections at a 2
kilometre spacin@crossa range oflausibleclimatescenarios are now available LR and
relativesealevelrise (RSLRyround the Aotearoa coast.

The VLM estimates are based on the analysis of historical lolS#%&Rvations collected by the
9dzNR LISHY {LJ OS !''3Sydeqa 9y@rala al GStHisAGS
period was usedo reduce the temporal influences oécent majorearthquakes on longerm
rates,becauset precededmostof the moment magnitude ¥lw) >6 eventsthat struck
Aotearoasince late 2009This inter-seismic ratgwith an uncertainty bandyvas considered
appropriate for the extrapolation asatellite-derivedVLM used in the RSLR projections,
because over the next 100 yearsthrobability of a highmagnitude 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, thesatellite-derivedVLM estimatesnay notreflectthe actual or ongoing ratef®r
areasthat have experienced posteismicevent deformationor for localised areas withigh
spatial and/or temporaVariability.Large postseisnic deformation may follow a major event,
temporarily amplifying the local VLM before returning to inte&ismic rates in as little as
10years (Hamling et al, 2017; Hussain et al, 2088)smic hazard risk (Stirling et al, 2012) and
the potential for rapid subsidence and/or uplift, while difficult to forecast, are always a
possibility.Also,VLMin some locations can be highly variable withinlal@metre radius if

there is local subsidence due to compaction of reclaimed land or groundwatection or

the region sits across a tectonic boundéeg, Thamegownshigda NB Of F A YSR 02
In these cases, the spatial averagedl8rketre RSLR projections may not reflect localistédv
rates in coastal margins.

The NZ SeaRise method is the only approach currently available for estimating RSLR aroun
the entire Aotearoa coast under a range of plausible future climate change sce(idaist et

al, in review) Over time, new information comprising updated monitoringwéan sea level

and VLM, the next tranche of climate scenarios and associated SLR projections or VLM
changesor if a major earthquake occurs, will become available. Improvements to the NZ
SeaRise projections with new VLM and other data are alreadgli®d, andas projections
evolve the NZ SeaRise platform will be updated (Levy et al, 2023). Further, Land Informatior
New Zealand is set to establishather sixglobal navigationsatellite systemstations ce

located through Action 3.23 of theationaladaptationplan (MfE, 2022awhich will result in
improved measures of sea level

Using environmental modelsr 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 wh them, it is recommendethat 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 fauitienceapproach is recommended
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for assessing RSLR. These should be used alongside a DAPP apiiohcillows for
adjusting pathways as new information emerges.

Figure 9:  Averaged coastal vertical land movement around Aotearoa NEealand

Note: The sites are at 2 kilometspacing. Vertical land movement (VLM) rates are based on the analysis covering thi
period 200811 by Naish et al (in review). Blue areas = subsidence. White areas are neutral. Red/orange areas = uj
The inset shows the spacing and spatial variabfditghe greater Wellington region, which is mostly subsiding
(excluding major earthquake ruptures).

Source: NZ SeaRise platfonm(v.searise.nz/mapg)

Multi -evidence approach for assessing relative sea-level rise

Aotearoais a tectonically active country straddling the boundabesveen the Pacific and
Australianplates Parts of the country are uplifting while ottsare subsidingChanging
patterns of uplift and subsidence can bring forwargash backiming of whenprojections of
SLR could occuf hereforethis guidance recommends using RSLR to accouiifiito
improvelocalestimates of whertlimate change induced coastalindation 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 sce(idaish 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@t& tRe
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Step 2:Assess sekevel rise and coastal hazards

satellite-derived estimates of VLM are emerging science and cover a relatively short time
period (8 years)Over time, new informationvill become availabland improvements to
methods for estimatindRSLR projectiongill occur and some of these have already been
signalled (Levy et al, 202G3eebox 4)

For complex systems such as theaad where the science is still evolvemgultievidence
approach is recommendg@difE, 2023b) Assessmenvf RSLRhoulddraw on multiple lines of
evidenceincludng(ut not limited to):

w RSLR witkatellite-derived VLM rates
RSLR with locally monitored VLM rafésvailable)
SLR projections or increments without VLM

local informationand expert judgment

e e €& ¢

experience and judgements of mana whenua and others with local knowledge

A monitoring and evaluation system within a DAPP approatp(Qandstep 10) should

explicitly include updates on any changes in VLM over time and the adaptive planning strategy
adjusted accordingly. This is becauseorporating VLMby using RSLR for areas that are
subsidingmeans planning for earlier timing of séevel thresholds being reached. For areas
currently uplifting atmore than0.5 millimetres per year, applying a precautionary approach is
recommended, where S| Rithout accounting for VLMs considered and compared with RSLR
that includes the uplifor subsidenceThis 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 taise the SLRNdRSLR projectiorand associated VLM is
containedin thefollowing sections.

Recommended approaches for relative sea -level rise

Thetwo approachedor assessing coastal hazarand riskrom the recommendedRSLR
projectionsand informing a DAP&pproachare:

i) increments regularincrements of RSLR height (eg, atfetre or 0.2 netre®!) with
associatedracketed time windowsvhen each height is reache, cover the full range
of the recommended projections out to 2156r

ii) projections the recommendedrSLR projectior{sr a subset covering the rangey the
planningtimeframes outlined irsection 2.1.Zrom the NZ SeaRise platform theither:

(a) incorporate the satellitederived VLMate, or
(b) add alocaly monitored VLM rate(if available}o the nonVLM projections
Each of thesapproaches hsadvantages and disadvantageepending orthe purposefor

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

Table5 summariseghe mainelements, advantages amtifferences between théwo
approaches

31 Afteran RSLR dfmetre, the increments could be expanded to say On2&tre intervals, for example,
1.25metres, 1.5metres, 1.75metres, 2 metres.
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Table 5:

Increments

Main elements of thetwo relative sealevel riseapproaches fomssessindiazards and
risk and input toinforming a dynamic adaptive pathways plannind@PP approach

Approach | Main elements Advantages and disadvantages

Not tiedto sharedsocioecormic pathway
(SSPscenarics (ie, scenarioneutral)

Uses NZSeaRisglatform to determine
bracketedtime framesfor each increment
across the range of recommend&sP
scenariogo atleast2150Q

Can be used at national, regiormllocal
spatial scals.

Implicitly includesrertical land movement
(VLM)whenrelated tobracketed
timeframesfor relative sedevel rise RSLR
projections

Easy to visualisga hazard mapand
communicatewvhere and at what increment
adaptation thresholds emerge (efgyure 19.

Goodfor both hazardand quantitative risk
assessments

Hazard and risk modelling magt require
updatingif projections or VLM changenly the
time brackets (for when the increments are
exceeded)

Useful for stressesting the lifetime of options
and pathways, wheranadaptation threshold in
termsof an RSLR increment has been fagreed.

Not suited for usewith other climate hazards or
drivers (eg, rainfall) in climate risk assessments,
where onlyprojectionsbased onSSRBcenaris
may be available.

Projections

Tied toSSP scenarigand nominated
timeframes).

UsesNZSeaRiselatform for time series of
specific RSLR projections to 2150.

Can be used at regional and losphtial
scales.

Canincorporatesatellite-derivedVLM (using
NZ SeaRise platformy locallymonitored
VLM rate

Providesarange of RSLR across SSP scenarios
various specific timeframes (eg, 2050, 2130)

More suited for stresgesting options and
adaptationpathways for a specific planning
horizon.

Suitsdetailed hazard assessmentshere other
hazards or climate drivers are only available as
SSP scenaribasedprojections

Hazard and risk assessmeneed updating when
SSRcenarioor VLM ratechangss.

If a time serie®of locallymonitored VLMratesis
availablecanaddto NZ SeaRis8LR projections
(without satellite-derivedVLM includedl

Figure 1Gshows the recommended SLR projectifnosn a central location broadly
representativeof SLR acrogsotearoa for themedium confidencerojections out to 2150
(excluding VLM). These projections are spliced with sixgédeye records for annual MSL
overthe past two decades, all relative to the new MSL baseline A®B1). 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 (&0, 20
2130). The other way of using SLR (and RSLR) projections is to determine thextike¢ b
over which a specific SLR (otRheight would be reachefigure 1Q. This is useful for
appraising adaptation or risk thresholds and physical limits for adaptation opttas 5.
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Step 2:Assess sekevel rise and coastal hazards

Figurel0: Recommendedealevel rise(SLRprojections(excluding vertical land movement)ased
on shared socieeconomic pathways scenarig®SPJfrom a central location broadly
representativeof SLR acrosiotearoa NewZealand)
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Notes: The figure showsvo examples of expected time brackets when a O¢tnmand 1.0 netre sealevel rise
(SLRheight would be reached. Locally, incorporatiragtical land movemenirom NZ SeaRise, a similar graphic can
be generated for specifielative seaevel riseheights or refer tofigure 14 inClimate change, selavel rise and
coastal hazards science: Coastal hazards and climate change gug@8opplement A

The absolute SLR frosouth to north acros#otearoaNew Zealandaries + 0.025 etresby 2150, relative to the
centrallocation

Shared soci@conomic pathwaySPis used byhe IntergovernmentaPanel ondimate Changefor climate
scenarios, with the latter number (2.8,5and so o related to the previously usagpresentativeconcentration
pathway. M = the median30th percentile) projection for that SSP. H+ is the top of the likely range for the S5P5
scenario(83rd percentile)representingwidening future deep uncertairgs associated with SLRnnual sea level
from the sixtide-gauge recordss sourced from StatBlZ (http://www.stats.govt.nz/indicators/coastasealevel

rise).

Increments forelative sedevel rise

RSLR incremenisa usefulapproachfor hazard and risk assessmehat informs decisiors

on adaptation threshold$or localplanning purposedJse of the increments approach for
RSLRazard and risk mapping is particularly informative for engaging with communities and
infrastructure providers to explore at what height of RSLR, and whesstal hazards (like
flooding and erosion) become disruptive or intolerable (8gere 11).

Thisapproachinvolvesusing a series akgularRSLR heights at either Ondetre or 0.2metre
increments These increments can then be retrospectively applied acroseatinge of
recommendedSSP scenaride estimate the time bracketout to 2150)when any specific
RSLR height could be reachettrements of BLR araot associated witta particular planning
horizon, which may be required for statutory purposes (egy&ar infrastructure strategy or
assessment of coastal hazards over 100 ye®hen updates to th&SRBcenariosatellite-
derivedVLM rateoccuronly the bracketed timgamesassociated with the attainment of
eachof these incrementsieed to changéseefigure 10,table 6andtable 7). Changes to

the bracketed timewindowsdirectlyinform whetheradaptiveplanning should be brought
forward (allowing for sufficient lead time) or slowed if the timing of each RSLR increment
mayoccur later.
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Timeframescan beestimatedwith or without VLM providing RSLR or ShBrements
respectivelylt is worth noingthe RSLR projections in the NZ SeaRise platform that exclude
VLM (igure 1Q table 6 doalreadyinclude the wider national effects of glad®ostatic
adjustment as well as regional variations in gravitational, rotational and deformational
changesf the land across Aotearodhere are some situatiorend locationsvhere it might

be appropriateto only estimate SLR incrementor exampleif the satellitederived VLM rate
hasa poor quality factor (ie, 435), recent seismic uplift or subsidenbas occurredor locally
measured VLNhas shown that theatellite-derived VLMate is inaccurateExcluding VLM
however,meansthe timeframes associated witALR incrementare implicitly more uncertain
and thisuncertainty will need to be incorporated inttazard and risk assessments, as well as
any adaptive planning strategy.

Excluding VLMhenuplift or subsidenceates are abov®.5 millimetres peryear leads to

more uncertainty about timeframes and associated risks, particularly the timing of when
different levels of RSLR will occur. This is especidtilyal for areas with ongoing subsidence.
For example, for Petone (median VLM rate®86 millimetresper year), a 0.4 netre SLR
threshold would be reached two decades earlier for B2S85M scenario compared with

not including VLMTherefore RSLR is the recommendiedrementapproach(over SLR
increments)becausét includesrates ofVLMthat providemore accurate time brackefsr
hazard and risk assessments, as welrasadaptive planningtrategy.

A monitoring and evaluation system within a DAPP approacip(9andstep 10) should

explicitly include updates on any changes in VLM rates over time (including new ghaisahl
navigation satellite systenGNSpstations?) for both subsiding and uplifting coastmd the
adaptiveplanningstrategy adjusted accordingbn adjunct to ongoing monitoringnd

evaluation is to also use RSLR height incrementsr(Btdesor 0.2metres) for hazard and risk
assessments and to determine adaptation threshold=hle Soutlines the advantage of this
approach, where the incremental changes in RSLR heights (and the assessments) still apply if
VLM changesg only the bracketed time period faeaching that incrementhanges

Table6 shows theindicativetimeframes(to the nearesfive years)for reachingvarious
absoluteSLRheights for a central locationin Aotearoa excluding VLM The lefthand column
lists the earliest year when th&LRheightcould be reached (based on t&SP3.5 H+
projection) through to the latest year it could be exceeded (usiBgBL.6 M projection)
atthe right.

Example to generate time brackets foelative sealevel riseincrements at regional
or local scales

To generatdime brackets covering local or regiomalative sedevel rise RSLRprojections
for yourlocation use the NZ SeaRise graphs dodnloadabletablesfrom the platformto
create a similar tabléo table 6) with vertical land movement YLM) included (especially if
the VLM rate is above.B millimetresper year).

Table7 shows an example for Nelson using teeommendedrSLR projections from the
NZSeaRisg@latform. The average VLM rate @épproximately2.0 millimetresper year
subsidencenearthe urban area of Nelson.

32 As part ofAction3.23 of thenational adaptation plaMfE, 2022).
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Table 6: Summaryof approximate year wherabsolutesealevel rise GLRheightscould be

reachedusingthe recommended projectiongor a centrallocation in Aotearoa
New Zealand
Year achieved for Year achieved Year achieved

SLR SSP83B.5 H+ (83rd | Year achieved for Year achieved for for SSP2.5 for SSPR.6

(metres) percentile) SSP83B.5 (median) SSP&.0 (median) (median) (median)

0.2 2035 2040 2045 2045 2050

0.3 2050 2055 2060 2060 2070

0.4 2055 2065 2070 2080 2090

0.5 2065 2075 2080 2090 2110

0.6 2070 2080 2090 2100 2130

0.7 2080 2090 2100 2115 2150

0.8 2085 2100 2110 2130 2180

0.9 2090 2105 2115 2140 2200

1.0 2095 2115 2125 2155 >2200

1.2 2105 2130 2140 2185 >2200

1.4 2115 2145 2160 >2200 >2200

1.6 2130 2160 2175 >2200 >2200

1.8 2140 2180 2200 >2200 >2200

2.0 2150 2195 >2200 >2200 >2200

Notes: Approximate year (to the nearest fiyear value) when eacibsolutesealevel rise SLRRheightcould be
reachedfrom a central location fronthe NZ SeaRise platformnder themedium confidenc&LR projections,
relative to the 19952014 baseline (mighoint 2005). Excludegertical land movemenand thelow confidenceéSLR
projections.The table uses 0.1 etre SLRheightincrements up to 1 metre, thereafter 0.2eatre heightincrements.

Can be considerebroadlyrepresentativeacross Aotearoa New Zeald,becausehe absolute SLR fromorth to
southonly varies by 0.025 metrediy 2150(relative to the central location

Table 7: Example:Approximate year whenrelative sealevel rise(RSLRincrementscould be
reachedusing recommended projectionfor the Nelson urban area (comparedith
table 6 wherevertical land movemenis not included)

Year achieved for Yearachieved for Year achieved for = Year achieved Year achieved

RSLR SSP®.5H+ SSP8.5 SSP3.0 (median)  for SSP2.5 for SSP22.6
(metres) (83rdpercentile)  (median) (median) (median)
0.2 2030 2035 2035 2035 2035
0.3 2040 2045 2045 2050 2050
0.4 2045 2055 2055 2060 2065
0.5 2055 2065 2065 2070 2080
0.6 2060 2070 2075 2080 2095
0.7 2070 2080 2085 2090 2105
0.8 2075 2085 2090 2100 2120
0.9 2080 2090 2100 2110 2135

1.0 2085 2100 2105 2120 2150

1.2 2095 2110 2120 2145 2180

1.4 2105 2125 2135 2165 >2200
1.6 2115 2140 2150 2185 >2200
1.8 2125 2150 2165 >2200 >2200
2.0 2130 2170 2180 >2200 >2200
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Note: Approximate ar (to the nearest fiveyear valuewhenthe relative sedevel rise RSLRncrementcould be
reached The averagenean sea levelMSL) for Port Nelson over the baseline period 1992814 is 2.335 ®tres

above Chart Datum. In terms of survey levelswi¥ealandVertical Datur2016 is 2.578 etresabove Chart

Datum. This means the 1968014 MSL ig0.243 netres (appendixD), to which the RSLR increments can be added
to translate to MSL in &lv ZealandVertical Datum-2016 levels into the future for each time bracket.

Soured from theNZ SeaRise platform that includésMfor an average subsidence rate ofr@llimetresper year.
Increments are relative to the Port Nelson averad@Lover a 19952014 baseline.

Projections ofelative sedevel rise

At the local and regional scale, it is recommended to use theRi8eR projections (or at least
the range) for planning, especially where subsidence or uplift is thare0.5 millimetres per
year. Below this rate, RSLR projections can still be used, bdiffaeence between including
or excluding VLM is less sensitive to wharBaR threshold i®ached.

Satellitederived vertical land movement

To incorporatesatellite-derivedVLM, select the nearest node on the SZaRise platforf
(figure 9) for RSLR, which will plot as a heavy line for the median projection (compétred
the dashed line for the absolute SLR)VLM error estimate and a quality factbfl = good,

5 =poor) is generated for each location on the NZ SeaRise platfornib¢se8. To check the
quality factor and averaging distance for VLM rates, downloads&attribute file(s) under the
Download buttorfor the relevant sités) by ringfencing them with a mousdriven polygonlf
the quality factorvalue is at the poor end of the scd#5), or the error estimate is high, then
a sensitivity testnay be required until a data update with more accuracy becomes available.
Usedifferent RSLR projections covering the shaded likely range (not just the méalitas)
the adaptationoption, alongwith localy monitoredVLMrates (if availableand checking
neighbauring nodeswith higher qualityfactors

Where the VLM rates are broadly simi(ag, less thar0.5 millimetres peryear difference

from a spatialaverag@, RSLR projections could be averaged across a regieckingand

noting what the variation means in terms of the bracketed time windows or RSLR in a planning
time horizon As an exampléhe subsidence rate around the coastal margin of the Nelson

urban area iselativelyconsistent,n a range;1.67millimetresto

¢2.79 millimetresper year. Therefore, the RSLR projections from site #6488 (Neale(R:it6)

which has a VLM rate at the spatially averaged Nelson urban rg@ bmillimetresper year,

would suffice for the entire urban areand is used to generateble 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 districtfor resource management plansr council building or engineering standartfsthis
situation, councilscould usedifferent VLM rates for subegions or precincts fasetting

minimum floor and ground levels. For example, as sebimcilinundation practice notes

(eg in district plansengineering standards dand-use planywhere the planning rules for

managing significant risk may differ spatially bingan overlay showng different colours for

varying rules for subdivision, relocation or earthwolpislocation

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

33 Seewww.searise.nz/map&, for more information.

34 Availableviathe Downloadbutton (to RHSpn the NZSeaRiselatform, by drawinga polygonaround
relevantsites.
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and a quality factor (1 = good, 5 = poarg 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 satellitederived VLM rate, then the latter can be used instead. If the quality factor
value is at the poor end of the scale,tbe 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 quaty factor and range of VLM variability for each site is available in Naish
et al (in review) and on the NZ SeaRise website.

Locallymonitoredverticalland movement

In areas where théocaisedsubsidencdnegative VLM ratedr uplift (positive VLM rateis
beingmonitoredover timeandis considerablydifferent from theNZSeaRissatellite-derived
VLMrate, use the SSétenariebasedSLR projections the NZ SeaRise platforwithout VLM
(median line is dashedyhen add on the contributiotin metres)from the monitored VLM
rate (mm peryear) using this formuldo the nonVLMSLRprojections fromthe platform
(alsoin metres)

¢1.0x VLM ratgdmm/yr] x (Future Yeat 2005)/1000 fnetreg

An example is thaistoricallyreclaimed coastaharginalong the Thamegoromandé|
foreshore whichis subsiding at ratesnownfrom alocalmonitoring programmevhereas the
main landward part of Thames is upliftify

Independently determiningpcdly measured/LMratesmay also be relevant for Christchurch
North Canterbury YR YIF A1 1 dz2NF = 2y OS Y2y A (i 2adihguake Sa Gl of A aK
trend in VLM.

Some autionis still nee@dto appraise how widelthe monitored VLMat a siteis
representativeof the movementof the surroundingarea.

2.1.3 Interim allowances for relative sea -level rise

Interim RSLR allowances are provided as guidance for plan makitenanage decisions (eg,
intensification, change in langse) for coastal area¥hey form a precautionary initial planning
anddesign responsdyefore undertakinga detailed risk assessmerst€p 4), followed by

the development ofan adaptive planning strategy based on thAPRapproach(step 6 and
step7). The DAPP approadhkes a system vieto evaluating cascading impacts. This
approach is consistent with council planning decisitas implement otherResource
Management Act 199fequirements and policiesuch as the precautionary approach
(Policy3, NZCP®OC, 210).

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

in land usesuch as intensification and upzoning, the precautionary interim allowance
recommendedbefore an adaptive planning strategg developed) is to use the
SSP®B.5H+basedRSLRrojectioni 2 ARSYGATFE | NBFA WLRGSYyGAlrtte
and climate change. Timeframes are also informed by the risk of being affected by coastal

35 See sectiomn assumption and caveat of VLM rates in Climate change, selevel rise and coastal hazards
science: Coastal hazards and climate change guidaSegplement A
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hazards, with greater or longéerm investments, such as infrastructure or new suburbs,
needing assessment over at least a 4@@r period out to 213&°

Developingan adaptive planning strategipased on thddAPRapproach)is strongly

encouragel to move past the need fgorecautionaryinterim allowancesThis isothat
O2YYdzyAGAS&asY AgAKKILIN FYyR 20KSNJ adl{1SK2ft RSNA
have been strestested and evaluated across a range of RSLR projectiogsneral, fanning

to transition to more sustainable adaptation options over time is consistent with policies

managing coastal hazard and risk in the NZCPS (PolioyDZ7 2010

Policy 27(1)(e) of the 2010eM ZealandCoastalPolicy Satement, which should be followed in
coastal areas, statd®OC, 200, 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:
X
(e) identifying and planning for transition mechanisms and timeframes for moving to
more sustainabl@pproaches

Table8 shows the recommended precautionary RSLR projections to use as interim allowances
for plan revisions and landse decisions for coastal argasor to the development of a

adaptive planningtrategybased on the DAPP approadbetermiration ofwhich planning
category a specific application falls within should @&&tude consideration ahe implications

for an activity for example the effect on increasing overland flow paths and flows to
stormwaternetworks, residual risk (from protection works), intended usage of ground

floors (non-habitable), accessibility from more frequent road outages, iarg 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 subdivisionuse anddevelopment over at least the next 100 years (PolicyNZECP,S
DOC2010).

Table 8: Interim precautionaryrelative sealevel riseallowances recommended to use for coastal
planning and policybefore undertakinga dynamic adaptive pathways planning
approachfor a precinct, district or region

Planning category Recommended interim precautionary RSLR allowances

A. Coastal subdivision, Using aimeframe out to 2130(2 100 years), apply thmedium confidence
greenfield developments and SSP8B.5 H+basedRSLR projectidrthat includes the relevant VLM rate for
major new infrastructure the localand or regional area.

(Note:approxmately 1.6 metre rise in MSL, before including V)M

B. Changes in land use and Using @imeframe out to 2130(2 100 years), apply themedium confidence
redevelopment (intensification | SSP3.5 H+basedRSLR projectidrthat includes the relevant VLM rate for
and upzoning) the localand or regional area.

(Note:approxmately 1.6 metre rise in MSL, before including V)M

C. Landuse planning controls Using @imeframe out to 2130(2 100 years), apply themedium confidence
for existing coastal uses and SSP3B.5 MbasedRSLR projection that includes the relevant VLM rate fot
assets (building additions) the localand or regional area.

(Note:approxmately 1.2 metre rise in MSL, before including V)M

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

D. Northabitable, shortlived Using aimeframe out to 2075(2 50 years), apply themedium confidence
assets with a functional need to| SSPH.5 MbasedRSLR projection that includes the relevant VLM rate for
be at the coast, which are either| the localand or regional area.

low consequences or readily (Note:approxmately0.5metre rise in MSL, before including VOM
adaptable (including services)

Notes:

* H+ is the 83rd percentile (@83at the top of the likely range on graphs in the NZ Segitééorm).

i)  Relative sedevel rise(SLRprojections that includesatellite-derivedvertical land movementMLM are
available from theNZ SeaRigglatform. Alternatively, locally monitoreLM can be applied to th8LR
projections.

i) M =median op50(50th percentile);MSL = mean sea ley&SLR = relative sével rise;SSP sharedsocio-
economicpathway used byhe Intergovernmendl Panel on Climate ChangélLM =verticalland movement.

TheapproXxmaterise in MSLan be considered broadly representative across Aotearoa New Zedlecal sehe
absolute SLR from north to south only varies by + 0.025 metres by(&d&6tive to the central location

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

Hazard and risk assessments and mappiteg (2 andstep4) will need to draw from the
RSLRrojections éection 2.1.}, or preferably’ increments of RSLR heights (eg,@etre or
0.2metre intervals for the first 1 ratre 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 DARPproach They also creatanunderstanding of the sensitivity of

impacts to a range of seavel futures at a locality or districtr regional scales.

This guidance takes a riblased approach to the use pfojectionsand/or increments of RSLR.

In this respect, the upperangeSSPB.5H+ should continue to be used in screening and
detailed hazard and risk assessments to identify coastal areas potentially affected (Policy 24,
NZCPDOC, 2010and highend stress testing of adaptation options and pathwags( 6).
Furthermore using theRSLR projection based 88PHB.5 MallowsRSLRo be linked tothe

other climate drivergeg rainfall) if a multi-hazard and risk assessmesibeing done

The recommended minimum SSP scenarios and RSLR projections for assesdiaie in
generally align with th@ationaladaptationplan andMinistry for the Environmenguidance
on local climate risk assessméMfE, 202, 2022).

% Wt NBFSNIo6feéQ A& dzASR Ay GKS &aSyasS GKIFG AthbleRad | ROFy il :
However, specific projections are also needed for consistency when assessing a broader range of hazards
and climate risks or for firghass hazard or risk screening.
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Table 9: Recommended minimunshared socieeconomic pathwayscenarios forrelative sea
levelrise projections to use for screening and detailed phases of hazard and
risk assessments

Assessment phase Recommended minimum SSP scenarios to use

Initial screening for coastal For a timeframe out to 213G (00 years), at a minimum:

hazard or risk assessments For RSLR: use either thredium confidenc&SP38.5 M or SSR8.5 H+

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

Detailed coastal hazard or risk | For a timeframe out to 2133 (00 years), at a minimum:

assessments For RSLR: use both theedium confidenc&SP2.5 M and SSP8.5 M RSLR

projections that include the relevant VLM rate or preferably increments o
RSLR heights (eg, Onktre or 0.2metre covering the full range of RSLR up
to SSPB.5 H+).

Notes:
* H+ is the 83rd percentile (@83at the top of the shaded likely range NZ SeaRisgraphs).
i) Relative sedevel riseprojections are available from théZ SeaRisgatform.

i) M = medianor 50th percentilgor pS0 at the middle ofthe shaded likely range NZ SeaRise Platform
graphs) RSLR = relative séavel rise;SSP sharedsocic-economicpathway; VLM werticalland 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:

w aworsening othe impacts froncoastal hazar@évents (magnitude, changing frequency,
persistence and compound or multiple contributors), or

w aprogressive change or trend (eg, hitihe flooding extending intertidal areas,
groundwater rise, salisation of land and freshwater) from the ongoing riseM&Land
other climate drivergfigure 3).

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

Coastal inundation

Changes interm surge storm intensityand ocean drivers

Trends and projections of future changes in associated coastal and ocean drivers (wind, waves,
storm surges and changes to tide range in estuarehinlets) are not as clear and consistent

as the more dominantise inMSL(on which coastal hazard events are exacerbated)jected
changes tdhe contributing processes that combine to generate hazard evissides

RSLRgre likely to vary by region, as storm trackéndsand weather systemespondto

climate changeThe projected changezcross Aotearo@ wave heights and storm surge with
climate change arékely to berelatively modesbr inconclusivehowever, changes to storm

intensity and partularly the frequency of the most extreme events, are more unce(see

Climate change, selavel rise and coastal hazards science: Coastal hazards and climate change
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guidanceg Supplement Aor more details).To cover some of these uncertaintieg,ction 2.2.2
provides guidance on sensitivity testing of these contributors to coastal hazard events.

Increases in tide rang@nd high tide leveln estuaries and lowland rivers (from a higher mean
sea level) may be moiepactfulfor shallow waterbodies that currently dampen (reduce) the
tidal range inland from the inlet or where stopbanks or causeways impedeatedhigh tides
from spreading out over the lodying margingHague et al, 2023)he future rate of
sedimentation in these waterbodieand whether it keeps pace with RSisRycritical factor
influencing tidal characteristics. Sedimentation processeduding catchment runoffare
themselvesalso influenced by climate change.

Compared with the present situationwhere waves and storriides are the main drivers of
flooding in coastal areaslater this century and beyond RSLR will increasingly become the
dominant contributorby elevating coastal hazard events, generatimgye frequent flooding
and associated impacts on existing development (Le Cozannet et al, Betkles extreme
events, future climaténfluenced changes to waves, winds, tide range and sequencing and
frequency of storms will also lead to progressive ongoirangks to geomorphology, shoreline
position, groundwater levels and sa8ation. Theseshouldalsobe part of a coastal hazard
assessment (Policy 24, NZOPSC, 20Q). Uncertaintiesremain, however, particularly about
the increased frequency of more intense-teapical cyclones and other midtitude storms
These shoulthe considered and evaluated part ofapplying a precautionary approach to
hazard and risk assessments (Policy 3, NADBS, 2010

Coastalflooding

Coastal flooding ahe margins of beaches amgtuar lowlands (from storm surges, wave
processe and king tides)ill become a more dominarmastalhazardcompared with localised
coastal erosionRSLR will greatly increase the frequency, depthisladd extent of coastal
flooding with previously rare extreme evertchanging taoccur annuallfon average) with
only modest 0.3netre to 0.45metre increases inRSER RS LISY RAyYy 3 2y (GKS
andstorm-surge distribution across different annual exceedance probabifities

Coastal flooding in various combinations with higher groundwater levels, rainfall finoff
andincreases in high tide in estuarj@sletsandlowland riverswill lead to more frequent
compound flooding impacts aurban settings andoastal lowlanddlt will alsoincrea®
challengesn managingstormwater networksand drainage schemes

Floodingwill be both episodig¢rangingfrom extremeseventsto nuisance flooding from minor
stormselevated by ongoing RSLahd progressive through the graduaghtide inundation of
low-lying coastal land. Over timasmoderate nuisanceand kingtide flood eventsbecome
common place, thiill lead to a greatecumulativeriskto the built environmenthan
infrequentextreme events (Paulik et al, 2021).

Groundwater rise

Groundwater rise is the upward movement of the water table due to stwrlongterm
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, 202FoxKemper et al, 2021; Parliamentary Commissioner for the Environment, 2015;

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

Higher rainfall intensities, especially for short durations, will increase as surface temperatures rise:
seehttps://hirds.niwa.co.nZBodeker et al, 2022; Lawrence et al, 2022; MfE, 2018).
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Low-lying coastal areas may be vulnerable to groundwater rise fiRand other
climate-driven hydrological processgscluding increased rainfall intensities

Theeffect of RSLR on groundwater wikkpend on complex interactions among
hydrogeological processes, the ssinface environment, type of aquifer (confined or
unconfined), modification of the natural environment (urbanisation), and connection to
the sea (Bosserelle et al, 2022). Locations whegiter levels in unconfined shallow aquifers
alreadyhavetidal fluctuations are vulnerable to ongoilRpLR, because they have a direct or
indirect”! hydraulic connection with the ocean.

Groundwater flooding may occur infrequently during extreme events (eg, high tide coinciding
with heavy rainfall), when surface and maricempoundflooding also occur. Therefore, multi

or compoundhazardandrisk assessments are needed (Bosserelle et al, 2022). For example, a
rise inthe 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, gregressivesalinisation of groundwater
sources used for irrigation, stock water and potable water should be considered as part of
longerterm considerations for service provisigrhen developing a adaptive planningtrategy

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 raté be a functiorof both RSLRnd other
climate change effects (eg, changes in rainfall intensity, catchment runoff, waves, storm
sequencing andediment supplyandwill affectchanges in sediment patterns and rates of
sediment transpor{Bryan and Coco, 202Cazenave and Le Cozannet, 20Qdgo et al, 2020;
Dickson and Thompson, 202@asselink et al, 2020k turn, these changes will affect the
shape and orientation of beaches and shoreline positigrtich mayinfluence rates of coastal
erosion.

Special featuressuch 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 eunditreams, as

well as RSLR (BryandCoco, 2020MfE, 2008. Consequently, future shoreliranges of

these features will exhibit considerable uncertaiatyd variability

Assessing thbazardfrom coastal erosion is not as advanced as for coastal flopd#mgecially

with respect to how RSLR interacts with other coastallardtologicakediment processeand

the contextualgeomorphologyeg, sandy or gravel beaches and sedimentary clifsyvever,
progress is being made (Bryan and Coco, 208@p et al, 202@Micksonand Thompson,

2020), and the Resilience Science Challenge is conducting national mapping of coastal erosion
(Dickson et al, 20225.

Cliff coastlineswhile generallyfesssensitive to RSLR than lelevation sandy or gravel
coastlines are still at risk from coastal erosigpicksorand Thompson, 2020Q)ut there is

likely to be considerable spatial variability in future erosion rates under RSLR (Dickson et al,
2023) Some cliffsiteswill be at riskfrom increasedcoastal erosiomepending on the

underlying geomorphologgndexposure to ocean currents and storriis 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 Challengé®astal HazardRetrieved 22 December 2023.
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potentially big impact for someliff-top sites whichcouldbe incorrectlywiewed as safe from
the effects of sedevel rise Cliff erosion maywlsobe exacerbatedy other climate change
effects, such as heavy rainfall and prolongiedughts.

The response of sediment budgets and coastal geomorphology to climatic e¢fentertain
arising from increasing uncertainty in several of the contributing processes that shape
shoreline responsé® Climate change, selevel rise and coastal hazards science: Coastal
hazards and climate change guidarc8upplement Aescribesn more detailhow climate
change may alter ratesf coastal erosion oaccretion.

Compounding hazards

Coastal flooding and erosion, higher groundwater levels, high lowdi&ed flows and intense
rainfall impactswill occur individuallyn hazardprone coastal areagbastallowlandsand

urban settingsare increasingly likely, however, to experience a combination of these hazards
at a similartime, particularly as the sea level rises and impinges on lowland freshwater systems
and from coincident higher rainfall intensiti@gloftakhari et al, 2017; Stephemsid Wu,

2022). A rislbased approaclko managing castal hazardsequires determiningr estimating

the combined probabilities of different magnitude events and their consequeridess

complex for compound hazardespecially if climate change multiplies the effect differently on
each of the contributing processes

Many ofAotearoab S ¢ %S| f | Y R Q& detielopedasountd siv& muihsi or &tuaries
and are vulnerable to rivesurfaceand groundwater flooding, exacerbated by high storm
tides. The increasing frequency of compound effects may prove problematic in these places
(includingfor drainageand stormwater managemehtexacerbatinghe impact ofa type of
hazard, such as flooding.

A few Aotearoa studies have accounted for multiple hazards or their joint probabilitasets

on joint coincidence of storm tides and waves are available in some regionallisgt al,
2015;Stephens et aR013 2015). Joint probability analyses of storm tides and river flows were
undertaken as part of flood modelling for the Buller Rived \Westport (Pearson, 2004Vild

et al, 2004). Nationally, Stephens and Wu (2022) have mapped the joint dependence of
coastalstorm surges, rainfall and river flow occurring together and related these compound
flooding events to types of weather systergseme of whictare more conducive to a higher
dependence between the contributing hazards (eg, blocking jighsure systems to the

eastof 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 scregfialicy 24, NZCPBOC, 201J0RSLR wiill
somewhat increase tsunami inundation, potentially elevatsighamiwave heights and

causing them to affect a wider ar@ad further inlandMargins of estuaries and harbours may

also become more vulnerable teunamiif entrance channels deepen in response to greater

tidal flows at a higher sea levélhiletheY 2 80 AYLER2 NI Fyd RSGSN¥YAYIl Yy

43 geeBryan and Coco, 202Qazenave and Le Cozannet, 2a%dco et al, 2020 ooper et al, 202Mickson
and Thompson, 202Masselink et al, 2020.
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will remain its height and wave period when it arrives at the c6aRSLR will further
exacerbate the inland reach and overland inundation depths of a tsunami

The extent of the presenday orange tsunami evacuation zoffgsrovides a broad
understandingprior to coastal flood hazard screeningf,the landward extent of lowying
coastal land and potential future coastal flooding areaiénate change, selavel rise and
coastal hazards science: Coastal hazards and climate change gugd@aopplement A
describes how climate change may alter tsunami coastal hazards.

2.2.2 Relative sea -level rise and c oastal hazard
assessment s

Policy24ofk S b %/ t { NBIdzZANBEAE ARSYOGAFTFAOI (GAeogstae ¥ | NBI &
KFETFNRaé FyR FaasSaavySyid 27F GKS,pR%BQCA01IA.SSNI al G f
TheNZCPS takes a riblased approach to managing coastal hazaltds recommended that

this includesdeterminingcontemporaryprobabilities of different types dfiazards, before

including climate change and SLR effects and their consequences.

The purpose of a coastal hazard assessment is to identify the spatial éatiemapping)
andmagnitude ofpresent and futuréhazardevents as well aprogressiveongoingchange
including the effects of climate change, as listed in Policy ZBQIC, 200). Taking an adaptive
risk-based approach means including a rangéuture RSLRrojections(or increments of
RSLRseetable 7)in the coastal hazard assessmealngwith other climaterelated drivers
(eg,changes in rainfall, storms, windsaves, groundwatgy to inform which areas are
potentially affected and when

First passegionalscalehazardscreeningcan be done tdring attention to impacts that span
multiple territorial authority jurisdictions It can be usedo assess anohform currentand
future developmentegional strategieandto coordinateadaptation planningThis screening
can also be used toverage joint fundingfor research investigationand engagementor a
detailed assessmeniHazard screeningnables docus on those areas where riskbm coastal
hazards (primarily flooding and erosias)ikely to bémmediate (low or next fewdecades)
or highin the long term (at least 100 year3his igo inform interim planning decisions to
avoidor reduce(where appropriate)ncreasing the riskor coastal margingeg,table6), prior
to detailed hazard andsk assessmentnd thedevelopment of a adaptive planningtrategy
(basel on the DAPP apprach) (step 6 andstep7).

Detailedplacebasedhazardassessmentand associated mappingan then bedeveloped
Theseare usefufor community engagemenincluding ascertaining values and objectives
(step 3, which are useds inputinto vulnerabilityand riskassessmentéstep 4. Detailed
assessmentalsoinform the development of an adaptive planning stratdgased orthe
DAPPRapproach(step § step7 andstep8).

The next two suksections outline the level and extent of a fyzissscreening followed by a
detailed hazard assessment, with Rgtdgectionsor increments to use summarisedtiable 7.
Ascreening assessmefur coastal hazards (eg, flood, erosi@hmpuldinclude representations
for one or two annual exceedance probability (AEP) magnitudes or |&eddsailed hazard
assessment may include more representations to cover a range of AEPs (extredezate

44 National tsunami mapyww.gns.cri.nz/dataand-resources/202nationattsunamihazarémodel

4 National Emergency Management Ager216.b 9 a! 5ANBOUI2NEQ DdzA RSE Ay Sa F2NJ Y:
evacuation zoneRetrieved 22 December 2023.
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andnuisance eventsyas well asestingthe hazard sensitivity to statistical uncertainty of the
computed estimate for an extreme AEP (eg, 95qat confidence level).

Incorporatingindigenous worldviews

Thisguidancerecommends thatoastal hazardssessments aieformedby Y n G I dzNJ y 3|
an 2 NA lhdigéhous worldviewincludinglocaland technicaknowledge and experiences

A holistic view acknowledges the intrinsic connection between the atmosphere, climate and
wider environmental system. It recognises the interdependencies and-iatatedness of

things, including between people and their environment.

¢tKS K2fAaGAO0 YR NBOALINROIt O2yySOiGAzy oS
shared whakapapa (genealogy). The creation and ongoing balance of the natural world is

interconnected through this web of kinship, and responsibility to carefisfres O SR A Y
(stories) where these relationships shape connection to the environment (Harms@aodh
Awatere, 2013).

¢S 2 an2NAR asSSa aidNBaa 2y lye 02YLRaAirds
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, regeneratitvealitdl This has
complementary value to assessments but starts from abundance or rauora.

For further reading on this, refer tdikuroa (2020)Jones et al (2023BaileyWiniata (2021),
andWilkinson et al (2020).

First pass hazard screening

This initial stage is a hazagsposure screening exercise, using one or two RSLR projections (or

at a minimumconsider usingSP®.5H+) to determine the area potentially affected over at

least 100 yeargseetable 7).4¢ These first pass screening hazard assessments are generally

undertaken by the regionalouncil orunitary authority. The purpose of aegionwide hazard

exposure screening exercise, usually with one uppageclimatescenario anéssociated

RSLR projectiotable ),A & (2 OoNRBI Rf& ARSYydAFe I NBlFa adGKFG |
hazards and climate change (Policy[RZCP3DOC, 2010, p 24Theoutputs of a screening
assessmenghouldthen guideidentificationofd I NB I & | 0§ KAIK é¢Wda] 2F 0SAy:
inform subsequent detailed hazard (and risk) assessments for coastal compartments or

localitiesto focus on, considering areas at high élooth imminent andong-term risk’

(seetable 6).

Firstpasshazard screeningan bedonein several ways (using various types and sources of
existing data and informationBox5 describegnaintasks in sequential order f@regionalor
districtwide hazard screening

46 More guidance can be found box 2, p 18 of DOC (2017).
47 Seesection6.2, p 28of DOC (2017).
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BOX 5MAINTASKS FOR REGIORMALDISTRICIAZARD SCREENING PROCESS

1 Initial questionsto 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
data analysis, modelling and mapping techniques. The approach depends on facto
such as the locality, data availability, cost and assets at risk.

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

What climate change scenarios should we use? To account for deepening
uncertainty over time, considerne or twohazard magnitudes (using contemporary
annualexceedance probabilities)pperrangerelative sedevel rise RSLR
projections or increments frontable 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 informatioq thesecould includethe following

Assess existing or emerging problei@suncil staff and @il DefenceEmergency
Managementgroups may be aware of past events and existing or emerging
problems in particular areas that are obvious priorities for more detdilezard
assessment

Conversations with coastal communitidhese should covéocal knowledge of
events or observed gradual changes (including photographs and media articles

| dzA & A (i KShédvesl Inforfaatibdrant observations on marae, taonga, areas of
customary rights and other cultural sites where changes are occurring in the conte»
2F Ynil dzZN»y y3al an2NA o

Expert workshopVulnerable areas can be identified by experienced staff,

a0l 1SK2ft RSNARZ O2yadzZ GlFyda FyR AAKKLEL
coastal areas of the region or district, such as knowledge of land elevation,
monitoring data trendsfloodways geomorphological changever time hazard
sources, demographics and familiarity with existing buildasget and cultural
site<latabases.

Literature surveys of existing informatioReports, paper& and existing natural
hazards portals hosted by councils (eg, Otago Regional C8ancil Y R ¢ 2 { |
EQC®

National Coastal Change Databadestoric erosion data are being compiled by the
University of Auckland through the Resilience National Science Challenge and will
released on thdollowingwebsite by June 202¢https://data.coastalchange.n}/

48 For exampleBell et al, 2015Parliamentary Commissioner for the Environment, 2015; Paulik et al, 2019
2020, 2021, 2023; Simonson and HaH019.

49 seeOtago Regional Coundiltago Natural Hazards DatabasRetrieved22 February 2024.
0 ¢21F  ¢n Nat]rd HaQards [oriaRetrieved 22 February 2024.
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BOX 5MAINTASKS FOR REGIORMALDISTRICIAZARD SCREENING PROCESS

Broad scale hazard assessments: Using analytic or probabilistic techniques and
available data including any contemporary annual exceedance probabikiosion
cut-back probabilities, usually for coastal erosion or coastal flood assessthents
(eg,Paulik et al, 2023, for coastal floodingheNational Institute of Water and
Atmospheric Research natiom@l2 A G f b22R Y|l LAY 3 2N
b¥% {SFwAaS tNR2SO0 | yR &a Weacceszeizgn®i®.t C

Geographic information system or GeoMapslysis: 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, amk, marshes, dune systems).
Examples are a coastal inundation and-kaeel rise slider or erosion zone

interactive maps2 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 Risk&zape,
initially evaluate broaescale 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 mapBdieg 129 are then already

set up and available to subsequently undertake the detailed hazard assessment an
later instep 4 the riskassessment.

3 Hazard screening outputs these should include the following:

Identify localities at high risk of being affected over the next 100 years (Policy 24,
New ZealandGoastalPolicy Satement, DOC, 2010 considering both longerm 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, t
inform interim planning decisions to avoid increasing the risk, before undertaking a
dynamic adaptive pathways planniagproach and developing an adaptive planning
strategy.

Preliminary mapping of hazards (eg, coastal flooding at RSLR increfitgnts 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

52

53
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Seeappendix ACasestudy A.2 shows use of jaint probability approach to determine the combination of
regional or localvave setup, runup and stortide levels that produce the greatest coastal floodiGgse
study A.5isa probabilistic erosion hazard application on the Northland coast.

SeeNIWA Extreme coastal flood maps for Aotearoa New ZealRetrieved 22 February 2024.

SeeWaikatg Coastal inundation topGreater WellingtonSea Level Rise and Storm Surge Modeland
TasmarDistrict, Coastal hazards map view&etrieved22 February 2024.

Developed by NIWA, GNS Science and latterly, ¥ak&e EQCand Paulik et al (2022%ee also
https://riskscape.org.nzfor more information.
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Detailed coastal hazard assessment

Once first pass hazard screening has been completed, detailed assessments can analyse and
map specific hazards or compound hazards and the effe@gsarfige of BLRprojections (or
increments)and other climate change drivers on thefm(re 3. Detailed coastal hazard
assessments should clearly show the locatiod/ or area, and nature of uncertainty in the
calculation of thehazardmagnitude (ieconfidence interval ovariance) fodifferent annual
exceedance probabilities of the hazard (see Paulik et al,,20280oastal flooding)RSLR
projections out to at least00 years (ie, 2130) or RSLR increments to cover the full range of
projectionscan then be added

Dealing with uncertaintpver time

The type of ancertaintyof hazards and climate projections at different planning horizams

the type of planning situation being addressed em@ortant consideratiors for determining

the hazard analysjsimulationsand projectiondor the detailed assessment phadéirstpass
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 uncertaintiead todifferent types othazard assessment in relation to the
planning situation andequire different types of information. For example, for loisk short

life non-habitableassets, the hazardsearterm projectionsand associated uncertaintiese

largely knowable or knowflittle uncertaintyq level 1,figure11). In this situationdecisions
canbemadelza Ay 3 | NBIF a2yl oftS WoS a(hased anihéictitent SQ 2 F
1 per centor 2per centAEP and sensitivity testingee below), before addiritpe narrower

range ofRSLRor the relevant planning horizofor in the interim use guidance for category D
intable8).

Alternatively, for planning (eg, intensification, new development) over the requlogdrterm
horizon (at least 100 years), RSLR projectfmtsuding extrapolated VLM rates) are associated
with deep uncertaintylevel 3 and 4figure 11). The longterm horizonis unknown or

disagreed upon by experts or stakeholders, with limited consensus of what the future might
bring (Lempert et al, 2003} he rate of change of hazards (including storm intensities) is also
uncertain (scenario uncertaintylevel 3) and the statistical uncertainty (level 2) may require
sensitivity testing using a 95th per cent confidence magnitude or level AEP representation
(figure11). 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 RSLRvariability in sediment supply may obscure SLR for many decades to come (Ford
and Dickson, 2018).

Detailed hazard assessmergisouldtherefore be tailored to both the type(s) of uncertainty

and the planning situation being addressed. To cover deep uncertainty, the hazard assessment
should bebased on a range of RSLR projecti@ngreferably incremenis or at a minimum

the recommended projection&eetable 7). This igather than selecting a best (or mdgely)
estimate or a worstase scenario.

Different uncertainty levels may apply to differestimponentsof ahazardassessmenand
depend on thesituation (ie, type oplanning decision(figure 11) For example, an assessment
of future coastafloodingmay containstatistical uncertaintypased on presentlay estimates

of climate variabilityand its effect on waves and storm surgdusscenario uncertaintjor

future storm surggdue to unclear change in storm intengitgnd bothscenario uncertainty
anddeep uncertaintyor ongoingRSLRboth SLR and VLM rates)
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Step 2:Assess sekevel rise and coastal hazards

Figurellsets out @ example of a uncertainty framework that can be used to support
decisionmaking undeuncertainty when using DAPPRapproach The framework shows a
logicflow from the situation to the related level of uncertainty, the SSP scenarios to model,
the likely hazard modelling complexity, and the possible decision type.

Figurell: Example of an ocertainty framework for coastal hazard assessmemdssupport
the dynamic adaptive pathways planningpproach

Situation Coastal hazard assessment Decision
I i sfunnrie | it s [
| Level of uncertainty ~ Hazard scenarios to Hazard-assessment DAPP,
| to consider consider complexity |E+SEAE
New or existing i Little unceritalqty 1% or 2% annual 1
development | |‘°r' it ;m; ¢ exceedance 1 5 Accept
) i inconsequential to 1
(nohavitable short: > decision being made, or robability (AEP), 1 fow = hazard
lived or low- | 4 & | 1
deliberately ignored) with sensitivity ’
value/consequence) | (level 1) ) 1 i
I | 1
1 Statistical | .‘,
| uncertainty, where AEP < 1% I
. v | calculable for non-SLR ™= (median + upper 95 % \ e
coastal hazards, confidence interval) - !
Existing I e.g. storm-tide (level 2) l: Ad
development, 1 High limup o h:zgrtd
or intensification | Scenario uncertainty Multiole SLR I ;
(level 3), and P . Ii® 1
N | recognized mmp  SCENArios, ” 1 o
ignorance may include small L
1 (level 4) increments, or large (H*) | “'
I | 1
New development | ) Present-day hazard Medium '
: : I Recognized (less weight on statistical I ] .
(long-lived, high- i , (e.g. 1% AEP) e B Avoid
value/consequence), 1 ’9::0' 7;’)‘? >+ large SLR (H') re‘l’.';;ec:a;:';’ 7 v";‘::';e X hazard
= leve 5 ' )
or hazard screening : scenario(s) SUR Scanatios) |: !
________________________ \

Note: AEP = annual exceedance probability; SLR-esebrise. A distinction is drawn (represented by the dashed
arrows and dashed box) between the situation, the coastal hazard assessment procelysiaimécadaptive
pathwaysplanning (DAPP) process and seemnomic assessment (SEA), and the decision type.

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

Assesgoastalflooding

Magnitudes for a specific AEP are the best descriptors of the likelihoosizewf current

coastal hazard occurrences (rather thareturn period) This idecauseAEPsllow for change
through time by adding RSLR and any climiafieenced changes in climatsdocean drivers

onto the currently usedevel. HoweverAEPshouldbe tied toa timeframe or a specific RSLR,
becausehe frequency of flood events will change substantially over time. For a Nelson example
a particular assessment and associated map may be expressgdusieent 1 per cent AEP

flood combined with an SLR of 0.5 metrhattcan be expected between 2055 and 2080
(usingtable 7 for Nelson with VLM included).

For detailed hazard assessments, it is recommended to use at leasutvent AEP coastal

flood levels, before adding sensitivity factors (see below) and RSLR, such as the 1 per cent
AEFflood (used in the screening stage) and a more frequent flood level &gy, &entor

10per cent AEP), extracted from tlcerrenthazard dataset (see examplefigure 12). The

higher AEPSrepresent more frequent events, which could cause more frequent road closures
and isolation of communities (Logan et al, 20P8gan and Reilly, 20pthat may become
intolerable at flood levels below a rarempr centAEP eventElimate change, selavel rise

and coastal hazards science: Coastal hazards and climate change gudunmaement A

%5 see Paulik et al (2023) and NIV#Ejreme coastal flood maps for Aotearoa New Zeg|forimore
information.
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For building consents, [Zer centand 1per centAEP flood levels are used for minimum floor
levels and assessing flooding hazards of the propeegpectivelyas outlined in the Ministry
of Business, Innovation and Employm@tiuilding performanceNatural HazardProvisions
guidance(MBIE, 2023).

Coastal hazardxperts can usuallgalculate with reasonable accuraayith a 95per cent
confidence interval) the probability and magnitudevairiousAEPcoastal flood leveléClimate
change, sedevel rise and coastal hazards science: Coastal hazards and climate change
guidanceg Supplement J although for rarer eventglow AEP)the length of the historical
record influences the width of thencertainty bandeg, 95 per cent confidence intervédee
Stephens et ak020).Although, it should be noted that this type of approach is increasingly
difficult becausethe historical baseline moves with climate change.

Statistical uncertainty

Where the statistical uncertainty of thefer centAEPhazardmagnitude is large, using only
0KS SHEAYII (S Q tieNdlcYdeH pdr gentREP magnitude could overr under
estimate the hazard. Therefordetailedcoastal hazardissessmentshoulduseboth the
medianestimate of thel per centAERor other AEPKQnd the upper limit of its 9per cent
confidence interval, before adding RSBRd a sensitivity factor for future changes in waves,
storm surge and rainfall intensity (see below)

Thissensitivity approach, considering the statistical uncertaiatyablesthe contrast of the
bestmedianestimate with a conservativepper-rangevaluefor coastal flood leveJavhich
will help highlight areas thagiotentiallymaybe affected bycurrentcoastal hazardsefore
adding RSLR

If it is not possible to accurately calculate statistical uncertainty (because of insufficient
shortdatasets or an unquantifiable physical process), then theebest estimate of a per
centAEPor other AERvents. This could be supported with alternative scenarios to establish
the sensitivity of thecurrenthazard to the decision required, provided the assumptions and
sources of uncertainty in those scenarios are made clear.

Because therés alsouncertainty about the future occurrence of higifitensity stormg1 per
cent to2 per cent AEP or lessihd their effects on storm surge and wavesich contribute
to both coastal flooding and erosioit isrecommenatd to assess coastal hazaldEP levels
with an additional sensitivity factas a precautionary approacth cover this climate change
uncertainty.

Undertake sensitivity testing @bastal flood and erosiochazards using:

w arange oplausibleincreases of @er centto 10 per cent foistorm surgeto 2100 (use
10 per cent for the western and southern South Island)

w arange oplausibleincreases of @er cent to10 per cent foextreme waves and swetb
2100 (us€l0 per cent for the western and southern South Island).

Box6 describes how to assesserland floodingreeboardin coastal areaand, secondly, how
to incorporateRSLR anclimate change intassessing coastal flooding of buildings untther
Building Code.

64 Coastal hazards and climate chamggdance



Step 2:Assess sekevel rise and coastal hazards

BOX 6INCORPORATING CLIMEHANGE INTEREEBOAREDR OVERLAND
FLOODINGENERALIAMNDFOR ASSESSING BUILDING FLOOR LEVELSHENDER

BUILDING CODE

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

Assessing freeboardllowance for coastal flooding hazards

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

the building performanceNatural HazardProvisionsguidance (MBIE, 2023), freeboard is added
to account for any uncertainties associated with historical hazard data and hydraulic
assessments, and other environmental fact@sch as the effect of wave action generated

by vehicles in flooded streets. Note: freeboard should not be used to cover for uncertainty in
relative sedevel rise RSLRand climate change effegteather use the recommended RSLR
projectiors or increments of RSL({Rible 6andtable 7) and apply separately to the flood
hazardlevelsbefore applying the freeboard.

CNBESo2FNR Fft26FyO0OSa FT2NJ WKIF oA Gl otd0SBnetiess S
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
levelis based on a 1 per ceahnual exceedance probabilitAEER storm and is similarly noted

in the Ministry of Business, Innovation and Employm@BIE (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 &hnis

additional allowance for RSLR is required on top ofctimeent 1 per cent AEP probability.

While NZS 4040:2010 dosst specify whatsealevel riseor RSLR projection or timeframe to
use, for consistency in application to coastal areas, the recommended range of RSLR psojectic
in this guidance over at least 100 years should be assessed for land development projects.

C2NJ O2Faidlf ad2N)¥Y Ft22RAy3 laaSaavySydasz i
the wave setup (in estuaries or open coasts exposed to waves). Wave, whigh 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 describe€imate change, selavel rise and coastal hazards
science: Coastal hazards and climate change guidaSegplement A

Incorporating climate change witim the Building Code

TheBuilding Ac2004requires the effect of the building work on a natural hazayde
consideredand howto 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 hazdmath the requirements of the

resource management system and the Building2084may need to be considered

The Building Code sets cleaguirementsthat buildings must comply withiVhen considering
coastal hazards managemetiie main Building Code clauses that relate to water ingress will
be particularly relevantTheseclausesare: E1 Surface water, BEEXternalmoisture, E3 Internal
moisture, B1 Structure and B2 Durability.
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BOX 6INCORPORATING CLIMEHANGE INTEREEBOAREDR OVERLAND
FLOODINGENERALIAMNDFOR ASSESSING BUILDING FLOOR LEVELSHENDER

BUILDING CODE

Clause E1 of the Building Code includes mandatory provisions for all new building work to
manage surface water, whertor 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 surfac
water inundation of properties and buildings in coastal areas, the following genericrpeids:
aligned with the MBIE guidanoa Natural HazardProvisions (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 hav
KFR I H LISN OSyid OKIyOS 2F KI LIS PRI pn &
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 ovéts lifetime. Use the 2er cent AEP flood levels expected
at the end of the building life (not the current hazard exposure). The minimum life is 50 year:
however, the economic life of a building is generally considered to be betwegaafsto
80years (MBIE, 2023).

The flood hazard assessment should use RSLR applicable at the end of the lifetime, which
includesvertical land movementecauset directly affects future coastal flood levels at a
locality or on a property. By 2075 (for a minimumysgar life), esealevel riseallowance of

at least 0.5 metres by 2075 (before includivertical land movementfor a SSRB.5 M
projection could be used, the same as the interim RSLR allowance for categdabl2 &

Assessa@astal erosion

Projections of future shoreline changes for cliffs, inlets and beaaleshallenging, often
requiring locally specific modelling (Cooper et al, 2020). Assessment methodologies continue
to evolve from simple empirical shoreline equilibrium profile change mode|8¢egn Rule
[Bruun 1962) to more complex probabilistic, ensemble or neural network simulatidinese

all require different levels and types of local data to grodindh and tune the models to local
conditions and shoreline change in the eat past Cooper et al, 202Montafio et al, 2020
Splinter and Coco, 202Depending on the type of shoreline change model or approach used,
either RSLR increments or specific RSLR scenario projections mayhgsefaté-or example,
when employing a probabilistic erosion hazard approach, often simulations are undertaken for
a specific RSLR scenario projecti®ee case studi.5(appendixA), which assessxoastal

erosion hazard zones for Northland. In this example pitebability distribution of the

landward extent of an erosion zone was derived for an uppage SLRrojection(RCP8.5),

using the confidence bounds the projectiongo define the distribution of the effects of SLR

on erosionalongsidethe other factors (eg, storm ctiack, ongoing longerm trends stability
slope of dunek

As described earlier, multiple processmstribute 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 extrem&ents. 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 runaiifid extreme storm cuback events and

their sequencing. As discussed ab¢see'Btatistical uncertainip, uncertaintyexistsabout

the future occurrence of higintensity storms and their effects on storm surge and wahes
contribute to coastal erosion, so use the recommedddditional sensitivity factors as a
precautionary approach.
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Step 2:Assess sekevel rise and coastal hazards

Assessampoundflood hazards

A riskbased approach to managing coastal hazards requires determination of the probabilities
of different hazardsaind étaking into account potentiadources of coastal floodingPolicy 24
NZCPDOC, 201( 23, which is more complex for compound haza@santifying and

assessing compound flood hazards is challenging but necessary with the increasing frequency
of contributing sources combining from climate change and RSwiider compound flooding
sources, such as the coincidence or close succeséiamastal flooding, rainfaiind

stormwater runoff and stream floodin@tephens and Wu, 2022s well agstimating a
realisticcombinationof these inundation sourcesinciding, rather than just considering and
mapping these flood sources separately

Groundwater is often not addressed in coastal hazard assessments and repdutng lack

of data and uncertainty on future effects from both rainfall and RSLR. Ongoing improvements
in integrated surface hydrologgub-surface groundwater modelling approaches and national
water modelscanhelpwhen 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,
theseAotearoaexamples may be pertinent

w Jint probability analyses have been conducted for coastal hazard sources from storm
tides and waves (ed\llis et al, 20155tephens et al, 2012015).

w Gompound storm tide and river flow were used to assess Westport flooding (Pearson,
2004; Wild et al, 2004). Note: worst case @et centAEP combinations of stortide
andriver floods would have an exceptionally low jogmbbability of occurrence, so usually
1 per centAEP river floods are more realistically combined with scenariospffiagtide
and a modest storntide level

w Nationally, Stephens and Wu (2022) have mapped the fiependence 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 joint2 OO dzZNNBEy OS 06SGgSSy GKSAaS O2ydNROGdzi2 N&
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 coincidih straddling a higkiide period,
basedon localandregional observations angastmonitoring of compound flood events, and
whererelevant referring to the above references.

Recommended dtasetsand projections

To assess compound flood hazards in the-lgiwg margins of estuaries, harbowasd

wetlands, use extreme rainfall projections from the High Intensity Rainfall Design System
(HIRDS v for input to compound flooding from streams and pluvial (stormwater) runoff to
combine with groundwater rise, relative séavel rise and coastal storm hazards. Sthmlir
rainfall intensity changes may be pertinent for developed areas or roads clobe shoreline,
when considering compound flood hazards during stéiche and wave overtopping events,
which straddle the spring higtide period.

56 NIWA.High intensity rainfall design system,.\Retrieved 22 December 2023.
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To assess progressive letegym 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 stvel rise and associated changes in tidal ranyglandward
salinity extent.

Compound hazard ssessment criteria

The hazard assessment should address the following questions (adapted from California

Coastal Commission, 2018)

1 What is the potential exposure fronpper-rangerelative seaevel rise RSLRprojections
plus elevated water levels from maximum storm tide or extreme coastal erosion?

1 What is the minimum amount d®SLR that causes concern about flooding, erosion,
groundwater rise compound floodingr saltwater intrusion (eg, from mapping such as
figure 12 figure 13andfigure 147

1 How do flooding, erosion, groundwater rise or saltwater intrusion concerns and extents
change with differenRSLR incrementsr a range of projectiors

1 Are any adaptation thresholds emerging, where RSLR exposure becomes more noticea
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 kying coastal area$or both urban and rural
settings, and how it will vary between locatiofris this situation usinga DAPRapproachwould
be helpful. Thishelps byfurther monitoring of areas where compound flood hazards are
emerging and incorporating an indicator of multiple flood hazards into the design of signals
and triggersgtep 7).

Box7 givesa practical example of hazard mapping using 8idRRSLRcrements

BOX 7TPRACTICAEXAMPLE OF HAZARD MAPPING USHNGEVEL RISE AND

RELATIVE SEEAVEL RISNCREMENTS

Figure 2 shows an example of a mapped output from a 1 per @emual exceedance
probability (AER coastal storm inundation hazard assessment for Mission Bay, Auckland,
incorporatingsealevel rise ELRat 0.1metre increments up td.5metres SLR (which
intrinsially also coversicrements ofrelative seaevel risethat includevertical land
movemeny.®’

This coastal inundation mapping uses a statpographic floodechnique to add SLR
increments directly on top of theurrentmedian 1 per cent AEP stostide elevation, overlaid

on theLight Detection and RangingiDARdigital elevation model. The map cleaslyows

how extreme coastal floo@xposure might change incrementally with SLR across the suburb.
Properties on lowelevation 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 expos
to storm-tide flooding(yellowgred colours) and will have longer to adapt.

57 Incrementsare agnostido representingRSLR or SIcRt isthe associated time brackefer that
incrementthat change depending awhetherthe increment ifor SLR or has VLM addedomparetable
6andtable7.
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Step 2:Assess sekevel rise and coastal hazards

Figurel2:  Areas flooded from 0.1 metrsealevel riseincrements onextreme coastal
storm inundation exposureat MissionBay, Auckland

Note: SLR increments have been added onto Ihper cent AEP storm tide elevation, which was
calculated for thecurrentmean sea level. Graphics: Sanjay Wadhwa, NIWA; basadakiend Council
LiDARJata.

Source: Stephens et al (2017

Figure 13andfigure 14show 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
presentmean sea levednd tworelative sealevel rise RSLRprojections 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 fdecisiormaking than any oneap

of flooding extentn isolation. For areas like Mission Bafichare susceptible to coastal

storm inundation, modelling of small increments of SLR and statistical uncertainties can late
be used in risk and vulnerability assessments targlippat decisions on adaptation

thresholds, and when they might occas partof the dynamic adaptive pathways planning
approach irstep 6(eg, similar tdable7).

We recommend assessing the impacts ofetre to 0.2 metre SLRr RSLERcrements for
such locations, imaddition to themedian 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, forlgper cent annual
exceedance probability storm tide covering preseday mean sea level and
two relative sealevel rise height increments

Left: 1 per cent AEP storm tide at presediay MSL. Middle: O.setres RSLR. Right: Grfgtres 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 sdavel rise height increments

Left: 1 per cent AERtormtide at presentday MSL. Middle: 0.4 metres RSLR. RiyBimetres RSLR.

Inundation was modelled using a static geographic information systehmique. 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 irased RSLR.

Graphics: Sanjay Wadhwa, NIWA; base maps developed from Auckland CoundailatéiDAR

70 Coastal hazards and climate chamggdance



Recommended
key tasks to
complete before
moving to Step 3

Step 2:Assess sekevel rise and coastal hazards

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

Determine the RSLR increments (@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 lauk 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 uppeange RSLR projection to
identify areas at high risk of being affected.

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

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

3.1.1 What are community values?
CouncilsshouldSy 3 3S gAGK GKS G6ARSNI O2YYdzyAdeé G2 dzy RSN
value could be affected by increasing coastal hazards and rising seaTénstagagement

shouldbe doneafter the coastal hazardand SLRssessmentare complete These values

mayinclude:

physical items likbomes and propertymarae and urup, publicland and buildings, roads,
services and utilities, parks and reserves, retail and commercial centres, recreational

services, community assets well as cultural and historical sites

w

naturalvalues, likeeoastal wetlandsind estuariesshorebirds native fishand lizards
aswell as mahinga kai practices

intangiblevalueslike the ability to practise tikanga, community cohesion and spirit
wellbeingandoccupational identitiegBarnett et al, 2016).
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Step 3: Establish values and objectives

A comprehensive understanding of what is important, and who it is important to, will
underpindecisions about the value @fhat is at risk and inform adaptation options and
their implementation,evaluation and the monitoring afdaptive planningtrategies

Without this knowledge, community values are unlikely to be fully considered in consent,
policy and adaptation decisions. 8refore, there is ariskthat community acceptance of
decisionswill 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 successtadmes 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 hazarseamhelvel

rise SLRRassessments and the nature of the decision. Three stages are involved

1. 9ELX 2NB FyR OF LJidzNB 02 YYdzy A likawayhthaticledly LJn | y R
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 needsabfeast twofuture generations and how decisions
today could affect communities in the futur€arefully consider who should participate,
how they will participate, and the tools and techniques that will be used to uncover

community values (se€ommunity engagement principles and approaches, and practice
methods: Coastal hazards and climate change guidar&gpplement B

2. Reframe the agreed community values into objectivies public and privatestakeholders
to ensure inclusion in the vulnerability assessment and future adaptation decisions.

3. (Qarify and agree on local government jurisdictions, functions and statutory outcomes or
limits. Agreement will require muHparty, mult-function discussion.

These three stages will help councils gauge the feasihilitlyeffectivenessf adaptation plans
at the implementation stage.

Box8 lists potential effects on coastal communities, which can be used invialestification.

BOX 8 POTENTIAL EFFECTEOASTAL HAZARDN COASTAL COMMUNITY VALU

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

= = =4 o -a A

Loss of land, farm stock and related economic opportunities

Local infrastructure

1 Damage to lifeline infrastructure, community facilities, stormwateastewaterand water
supplysystems
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BOX 8POTENTIAL EFFECTEOQOASTAL HAZARDN COASTAL COMMUNITY VALU

1 Compromising of road access and safety along the foreshore

1 Flooding and sedimentation of land ahdildings leading téoss of access to services
andemergency assistance

T [2da 2F Odzf GdzN¥ £ | &adaSGa o0S3IT YINFSXT dzNU:z

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

= =4 =4 -4 -4 -4 -

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

1 Displacement of people and loss of social cohesion

Ecology and biodiversity

1 Potential to lose species or biodiversity in coastal habitats

Potentialextinction 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

l ROSNBRS AYLI OdGa 2y YIFIKAy3dl 1+FA FYR gKny
dysfunctionof sewerageand stormwater networks and septic tanks

= =4 =4 =2

1 Damage to humagenvironment relationships and wellbeing
1 Saltwater intrusion (salinisation) of freshwater resources

Aesthetics

1 Damage to the natural appearance of coastal environments, especially if hard
engineeringsolutions are enacted

1 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 andammunity values are wide rangingndnot all values are easy draw out
or describe Two things to remember when collecting data on values are:

w peopleundervalue infrastructure until its performance is imperilledsumptions should
be made and factored into the objectives

w itis important tofocus 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
awayfrom coastal hazards.
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Step 3: Establish values and objectives

Many tools can be usedo engag andgather information on vales including online resources
Tablel0 showsfour methodsthat can be used to understandana whenua andommunity
values. They can be used in combination, depending on the scale of the process planned.

Table 10:

and community values

Advantages Disadvantages

Method

Review existing
R20dzySyida 6!
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.

Example ofour methodsthat can be usedn combinationto understandmana whenua

Examples

Supplement B

Postal, internetbased or
telephone surveys

Can obtain responses
from many people across
the region.

Raises awareness of the
issues.

Potentially low cost.

Identifiesissues that are
critical at a regional scale

Can poduce superficial
data.

Response rates can be low
and represent only certain
demographics.

Little opportunity for
learning, discussion or
interactions.

Risks missingnportant
information.

Supplement B

Importantinformant
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 tpor
learn from others.

Blackett et al, 2010a;
King et al2011, 2012,
2013; Schneider, 2014

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

Can applyeveral
participatory data
collection methods in this
setting.

Suited to the local scale.

Listening and learning ca
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:

w

w
W
w

where the values are and who finds them valuable

the diversity and degree of agreement in values and norms

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

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

Highlight and consider the values of all social groups when assessindeigifying and
evaluating options and pathways and when implementing and monitorirsteas 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, 2009Kitchin and Tate, 2000)he original list of
valuesshould be keptwith their underlying richness and detail, for reflection throughout
the engagement process.

A usable objective is:

w relevant to the communitand manavhenua(eg, a safe place to live, with access
to amenities expression oMn 2 NA )@ f dzS &

€

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

e

linked to the decision triggers and adaptation thresholds ¢esruption to mobility,
community tolerance levels or council requirements)

€

able tobe embedded in the monitoring system for tlagaptive planning strategy
(seestep9).

Tablell 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
Aesthetics distributed throughout thecommunity.

Greenspaces along the foreshore

Safe playgronds for children to play

Proximity and easy access to parks and reserves

Theme: biodiversity and ecology

What is valued by the community Translated objective

Nativecoastal 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 €011, 2016)

3.2 Local government objectives

Local authorities should work together to identi#yxd consolidate objectives for the region or
district. This carbeginprior to, andhappen almgside community objectivedeingarticulated
but shouldincludeconsideration othe community objective Integrating council and
community objectives through engagement can address conflict between community
aspirationd: Y R O 2 dzy O Ardqair@medtdivhidh dris2bblietlt is therefore important
to be clear in communications and engagement material that setting community objeives
only one part of the process and must be considered in the context of complying with the
requirements of theResource Management Act 1984d New Zealand Coastal Policy
Statement 2010NZCPSDOC 2010) Theserequirementsmay be formalised in statutory
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Step 3: Establish values and objectives

planning documents, longerm plans and 3@earinfrastructure strategiesand will have
already been through statutorgonsultation processe§ ablel?2 lists questionshat 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 thenaingroups?

What and who is missing?

Should other councitontrolled organisations and nesouncil
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 an@bjectives exist and why? Are they aligned?

How might community objectives fit with requirements under the
New ZealandCoastalPolicy Satement 2010 ResourceManagement
Act 1991and any other legislative requiremerts

What are the agreedbjectives?

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 benefiteind to manage expectations. For example, areas where
development should be avoided may be able to be used as public sptmepiiblic can be
protected from future hazard events there.

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

complete before
moving to Step 4

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 assessmenttgp 4) build on the coastal hazard assessments completei|in2
(covering the range of the recommendeglative sedevel rise(RSLRprojections and/or
increments of RSLR heights) and idgiri community, stakeholder and council values and
objectives irstep 3. Outputs from the risk assessments (eg,-gpatial platforms, maps,

reports) are used in the followirgep 54 2

AYTF2NY O2YYdzyAlGABakars A Ak KI L

on identifying options and pathways to pegnptively address the rising climatelated risks.
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Step 4: Assess vulnerability and risk

4.1 Undertak e a coastal climate risk
assessment

4.1.1 Climate risk and its components

The core definition ofiskin relation to climate change (Reisinger et al, @02 the potential
for adverse consequences for human aublogical system® recognising the diversity of
values and objectives associated with such systems (determireedrdof the decisiorcycle).

Components of risk

Risk arises from the overlap of three componeihiat increase over time as climate changes
and sea level rise§qure 15and ISO 14091:2021):

w the hazard eithersinglyor as amulti-hazard(eg, flooding and erosionpr compound
hazard eventandprogressive and rising changes that for the coast will be irreversible. See
section2.2for hazard assessments that provide tieenporal and spatiathanges in
climate hazards for the risk assessment

w 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

w the vulnerability of the exposed things, environments or networks we value or rely on.
Vulnerability is the underlyingredispositionof a community, region or system (eg,
ecosystem or infrastructure network), including governance and financial sysieies,
adversely affecte@s climaterelated risks continue to rise.

Vulnerability combines bothensitivity(sometimes called fragilit§) andadaptive capacityo
cope and adapt to the ongoing changing risks over time.

Sensitivityis the degree to which a system, infrastructure network, community or ecosystem is
affected, either adversely or beneficially, by climate hazards, variabilaypoogressive

change. A range of social factors may predispose some communities or individuals to harm
from climateinfluenced risks, such as age, mobility, ethnicity, secionomic inequities, or
pre-existing health conditions (sections 3.2.3 and 3.2.5 of MfE, 2021).

Adaptive capacitys the ability of systems, financi@hd 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)

Figurel5shows hree intersecting componenthiat contribute to risk,with actions to reduce
each risk component, which will all contintising over time

58 gystenis a set of interrelated or interacting elements (ISO 14091:2021) or throtgha an2 NA f Sy & s
the implicit connectedness betweeniao (environment) andangatad LIS2 L S0 | yR NBt I G§SR Yni
guiding principles (MfE, 201Box 1).

9 Fragilityis 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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Figurel5:  Three intersecting components of risk, aficreasing over time

Limits to adaptation Actions to reduce

vulnerability

Examples include: physical,
ecological, technological, economic, Examples include:

political, institutional, psychological Vulnerability * social protection
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¢ hazard-proof housing and
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Examples include:
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storm energy » early warning systems
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and water scarcity

Outwardspointingarrowsindicate risk rising over tim&heinward pointingarrows indicate examples of actions
and options to reduce each rising risk component through adaptation (but with limits) for coastal areas.

SourceAdapted 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
phaseof 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 (regionalersudocal impacts or funding) to address the rising
coastal risks.

4.1.2 Coastal climate risk  assessment process

Aimaterisk assessments differ frooonventional risk assessmentsecause therequire
considerationof extracomplexityand uncertainty

Climate risk considers both events and progressive changes

For coastal areas, ongoiR$LR isne ofthe primary climaterelated hazardthat is
fundamentally changing risk profile§he cumulative risk from more frequent small to medium
floodingdue toa higher mean sea level wélventuallyoutstrip the risk from extreme eveat
during this century{Paulik et al, 2021), even thougktreme eventswill also intensifyRisk
assessmentshouldtherefore include both progressive changeg, permanent highide
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inundation,increased erosion trendsalinisation, groundwater rise, shrinking wetlaraixl
marshes) and more frequensmall to mediundisruptive events, in addition to the focus on
episodic extreme events.

Assessment of climate risks is inherently complex and uncertain

Assessment of climateelated risks needs to embrace the uncertainty in all three components
contributing to risk figure 19, noting the generic definition of risk is the effect of uncertainty

in relation to objectiveglSO 14091:2021 needs to appraisshort- and longterm
consequencedeedbackscascading impact chaifi$non-linear behaviour and the potential

for surprises (Ara Begum et al, 2022), against the backdrop of deepening uncertainty over time
of climate change angealevel rise LR

Local governmentseed tocope with rising risks that cascade and compound at distance
from the hazard drives (sedfigure 16) and those emerging in many different coastal areas
simultaneouslyThe use oRSLR projectior® increments oRSLR to address the deepening
uncertainties drising coastal hazardst¢p 2), needs to be carried through to assessing risk,
especially detailed assessments, rather than just selecting adstistate(most likely)or
worst-caseprojection

Riskconventionallyexpressedn terms of likelihood is not helpful when it is significantly
changing over time, and as past lpnobability extremes become more frequent and
therefore more certainFurther, an SLR of at least Orfetres is virtually certain by 2100
(tableb).

60 Seeannex C, 1ISO 14091:2021
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Figurele:  Generic example of an impact or cascades chain that can be created through
participatory workshopsand hui, underpinned by relevant hazard and risk
exposuremapping
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Adaptive capacity is an essential element of climate risk assessments

Adaptive capacity is an integral component of climate risk assessexaserbating or
reducing vulnerability This includes the adaptiva copingcapacity of the communityof
supporting services and infrastructure (including availatdlitg agilityof funding and other
institutionaland 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 considerétDo 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 mechanisnssich ador pre-emptive or reactivenanaged retreaf)

Environmental or cultural adaptive capacities may be threatened by our adaptive response
to protectthe built environment. For exampléyilding upa road causeway thdtas been
exposed tancreasing floods is likely to constrain the adaptive capacignefdjacent estuary
inlet orwetland.

Climate adaptation is not just a local issue

Climate risks vary at a fine scale across communities and societies (Ara Begum et al, 2022).

Thiscould include pocketsr precinctswithin suburbs or within lowying or cliffedge coastal
YIENBAYaAD ! RILIGFGAZ2Y Ada 2FGSy OASoSRutha | W20l f
cascading and compounding impagfigure 16) alsooccur across the wider community

andnationally.

Climate adaptation (and therefore risk assessmehtuldconsider the interconnectionsnd
dependenciedbetween the local, regional and national scalks.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 widenle assessment of the risks affecting

a specific locality (Logaat al, 2023 Logan and Reilly, 20Annex A ofSO 14090:2019

provides guidance on using systethikingto consider thesavider interconnectionsacross
different value domains

Climate risks vary over time

Time is a fundamental consideration in any risk assessment of coastal hazards and climate
change impactsAll three components of risk will increase with time (figa6. Examplesf

how risk exposuréncreasesover timeinclude i) the changing land use (eg, intensification,
up-zoning, subdivisions or redevelopmerit)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 chesmfpr example groundwater rise affecting
foundations or thenstitutional ability to cope ancdapt diminishes.

Adaptation interventions (accommodate, protect), which can reduce risk to varying degrees,
also have time limitationbecausehe risk will continue risingi@ure 17), including the

residual risk (eg, breaching or outflanking of a seawall or more frequentingaassability

issues even thougtbuildings have been raisexs an accommodation type optipn

Climate risk asessmergshouldbe explicit about how time is addressed (Logan et al, 2021),
focusing orboth immediate specific impactgncludingcascading or flovon riskg and
addressindongterm changes and implicatiotisrough dynamic adaptivpathways
planning(DAPP)

61 See section 6,3S0 14090:2019, section 6150 14092:2020 arahnex GISO 14091:2021.
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Figurel7:  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)

Adaptation threshold

SourceAdapted from MfE, 2008

Risk assessment methods  and process

The main purpose of vulnerability and risk assessments for this guidance is to Dd?R
strategies that are premptive and cover the future extent of the coastal environntéat
local to regional scales. These assessments provide evidence fante of timevarying
risks, covering the increasing uncertainties,d®ps 5 to 8 of the decision process.

Section 5ZW of the Climate Change Respons@@0&requires reporting organisations
(including local authorities) to provide to the Minister of Climate Change or the Climate
ChangeCommission on request, information on risks and processes used to identify, assess
andmanage the risks. Locahd or regional climate risk assessments could be the basis of
suchinformation.

Increasingly, coastal risk assessments are being undertaken within general climate risk
assessments across value domains for a regiistrict 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 (2@22Bay of Plenty
(2022;23) and NelsogTasman (2023)).

62 policy 1New Zealand Coastal Policy Statem@i# CPRDOC, 201)0and p 14f the NZCPS 2010 guidance
note (DOC, 2017)
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