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Executive Summary

Risks related to coastal hazards are not new to planners and resource and hazard managers of New Zealand local
government. However, the foreseeable future provides some challenges for those tasked with the sustainable
management of coastal margins.

A high proportion of New Zealand’s urban development has occurred in coastal areas. Some of this
development has been located in areas that are vulnerable to coastal hazards such as coastal erosion and
inundation. In recent years, coastal development and associated infrastructure have intensified, and property
values have increased enormously. As development and property values in coastal margins increase, the
potential impacts and consequences of coastal hazards also increase. Managing this escalating risk over the
coming decades now presents a significant challenge for planning authorities in New Zealand.

Climate change will exacerbate existing coastal hazards

Risk will be exacerbated in many places by the effects of climate change. Climate change will not introduce any

new types of coastal hazards but it will affect existing coastal hazards by changing some of the hazard drivers. It

will exacerbate coastal erosion and inundation on many parts of the New Zealand@ast further increasing the

impacts of coastal hazards on coastal development. QQO
(s

Local government is required to take account of climate change \(\

’&.

Climate change effects are gradual, but many land-use a@ demv%ns hagﬁ\ong -term implications because
of the permanency of structures (eg, buildings, roads, n%a/ork ‘& es) @ t is a requirement under the
planning framework of the Resource Management also nd good business practice to

consider climate change implications in coastal mg (90 /\

What this Guidance Manual does fb ’b
loc

This Guidance Manual has been ertt&})rlm bﬁo su%@ thorltles (policy, planning, consents,
building and engineering staff) in dealing w ome these nges. It provides best practice information
and guidance to strengthen the integrati coa azar climate change considerations in land-use
planning and during resource consenN%c ion- @kmg &%fe specifically, the Guidance Manual:

e provides information on eff of ck change on coastal hazards

e provides a risk assessnté?fram Qrk for mcorporatmg coastal hazard and climate change considerations
into the decision- @g p@&es associated with policy development, planning and the awarding of
resource consents

e promotes the development of long-term adaptive capacity for managing coastal hazard risk through the
adoption of adaptive management and no-regrets response options.

What’s new in this edition?

This is the second edition of this Guidance Manual, and it supersedes the first edition published in 2004. This
edition’s publication follows an updated assessment of the science of climate change by the Intergovernmental
Panel on Climate Change (IPCC) in 2007.

The IPCC’s Fourth Assessment, 2007 concluded that most of the observed increase in global average
temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse
gas concentrations. The Fourth Assessment also showed that it is likely that anthropogenic warming has had a
discernable influence on many physical and biological systems. The IPCC concluded that continued emission of
greenhouse gases at or above current rates would cause further warming; this could induce many changes in the
global climate system during the 21st century that would very likely be larger than those observed during the
20th century.

This conclusion may have significant implications for some coastal infrastructure and development, especially
those that will need to cope with climate conditions in 50-100 years’ time or even after that time.

Coastal Hazards and Climate Change: Guidance Manual 2008 vii



The main changes in this edition of the Guidance Manual are:

e it updates the climate change science and provides guidance and recommendations relevant to coastal
margin issues in New Zealand

o there is a new chapter on local government response to climate change, emphasising how climate change
adaptation fits within the key principles of local government actions (Chapter 4)

o there are minor revisions to the risk assessment process to enable local authorities to better characterise
coastal hazard risk (Chapter 5)

o the chapter on managing coastal hazards and climate change risk has undergone major revision
(Chapter 6)

e supporting material in the appendices has been revised and updated where necessary.

The structure and format of the Guidance Manual have also been significantly revised in response to stakeholder
feedback, to make the document and the information in it more accessible to the user.

Sea-level rise

Relative mean sea levels have risen by 0.16 m on average over the last 100 years @ound New Zealand. This is
comparable to global rates of mean sea-level rise over the same time period. QQO

Sea-level rise projections for the next 100 years are based on different ﬁQbuter siwlations of the atmosphere
and ocean for a range of emission scenarios (ie, different greaphouse g—émlsm@ cenarios based on how the
human race may live over the next 100 years). For New X@ d, tkegfe may.ge'some variation in the rate of
future sea-level rise compared to the global average, bu( %ese dj nceiﬁk not yet well defined.

In its Fourth Assessment Report, the IPCC has fo@?that B ausg standing of some important effects
driving sea-level rise is too limited, this report{tes not ess t “h%rt nor provide a best estimate or an
upper bound for sea-level rise.” While the Q@re un@mtle ociat h the science around sea-level
changes, national and local governme indi&ei Ism ontnﬁb 0 make decisions that either implicitly
or explicitly make assumptions about What thi{ wi@ver nning timeframe.

the associated uncertainties, within | ernpy t pI g and decision-making. This requires a broader
consideration of the potential impagXs,0 ence ea level rise on a specific decision or issue. Rather
than define a specific climate cré& ors veI rise value to be accommodated, it is recommended in
this Guidance Manual that the@ gnl sea-level rise accommodated is based on the acceptability of the
potential risk.

This Guidance Manual advocates the us rls ssm ocess to assist incorporating sea-level rise and
Vi
co

To aid this risk assessment process, thls Guidance Manual recommends that allowance for sea-level rise is based
on the IPCC Fourth Assessment Report; and that consideration be given to the potential consequences from
higher sea-levels due to factors not included in current global climate models.*

For planning and decision timeframes out to the 2090s (2090-2099):
a. abase value sea-level rise of 0.5 m relative to the 1980-1999 average should be used, along with

b. an assessment of the potential consequences from a range of possible higher sea-level rises
(particularly where impacts are likely to have high consequence or where additional future
adaptation options are limited). At the very least, all assessments should consider the consequences
of a mean sea-level rise of at least 0.8 m relative to the 1980-1999 average. Guidance on potential
sea-level rise uncertainties is provided within the Guidance Manual to aid this assessment.

For planning and decision timeframes beyond 2100 where, as a result of the particular decision, future adaptation
options will be limited, an allowance for sea-level rise of 10 mm per year beyond 2100 is recommended (in
addition to the above recommendation).

1 Such factors relate to uncertainties associated with increased contribution from the Greenland and Antarctica ice sheets;

carbon cycle feedbacks; and possible differences in mean sea level when comparing the New Zealand region with the
global average.
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Other coastal hazard drivers

Climate change will also impact on other coastal hazard drivers, such as tides, storm surge, waves, swell and
coastal sediment supply. The potential changes and their impacts are at present much less well understood, but
this manual provides pragmatic guidance informed by expert judgement and the current state of scientific
knowledge.

Tide range and relative frequency of high tides

The present Mean High Water Spring level will be exceeded much more frequently by high tides in the future,
particularly on sections of the coast where the tide range is relatively small (compared with those sections of the
coast where the tide range is relatively large). Sea-level rise will have a greater influence on storm inundation
and rates of coastal erosion on the central parts of the east coast and Cook Strait / Wellington areas than on
coastal regions with larger tidal ranges (eg, west coast).

Storms

The IPCC Fourth Assessment, 2007 suggests in general a likely:
o decrease in the total number of extra-tropical cyclones
 slight poleward shift of the storm track and associated precipitation, espec@ly in winter
e increased number of intense cyclones and associated strong wind, par%@@ly in winter over the South

Island.
Changes in storm conditions will affect coastal margins aro nd h possible changes in the
frequency and magnitude of storm surges and storm tid \@d in and condltlons
Storm surge and storm tides 6Q/ \\(Q

rate as mean sea level until more certainty e gad and central pressures associated

This Guidance Manual recommends that pl f&g |de @&\ extreme) levels will rise at the same
&Iy chg es
with storm systems.

N
S b"’\,OQ}

Wave climate \Q

Expected changes in wind and atmosp '\patterF&Q[or cyclones around New Zealand and the wider
southwest Pacific and Southern Oc a |ons have@ potential to change the wave climate experienced
around New Zealand. In turn, thls I infl of coastal erosion and the movements of beach and
nearshore sediments within coa Dittle de tive guidance can be provided on how wave climates
around New Zealand will ¢ and thls may mean for coastal erosion and inundation.

This Guidance Manual sets out recdmmended assumptions for carrying out ‘what if” scenarios for wave
modelling, depending on the location of the coastline in question and whether it is exposed to, or sheltered from,
oceanic swell.

Sediment supply to the coast

The potential for change in sediment supply will vary from place to place, with changes in the west—east gradient
in rainfall (wetter in the west and drier in the east) likely to be a significant factor, along with increased rainfall
intensities during severe rainstorms. Where changes in sediment delivery to the coast are an important
consideration, sediment delivery from river systems will need to be determined based on detailed specific
investigations and an assessment of how sediment volumes may change under future rainfall projections carried
out.

Risk assessment process

The magnitude of the impacts of climate change on coastal margins will differ between regions and even
between localities within regions. Such impacts will depend on the complex interaction between the localised
impacts of climate change on the physical drivers that shape the coast, the natural characteristics of the coast and
the influence that humans have had or are having on the coast. This Guidance Manual provides a risk
assessment process to assist local authority staff in ensuring that coastal hazards, and the effects that climate
change may have on these coastal hazards, are appropriately taken into account in policy, planning and resource
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consent decision-making. The assessment process permits a structured approach to thinking about, and working
through, coastal hazard and climate change issues.

The risk assessment process and use of up-to-date knowledge of climate change can assist local government in
helping communities adapt, especially through their regional and district plans. The risk assessment process fits
comfortably into plan preparation and review, and the resource consent process.

Principles in managing coastal hazard risk

This Guidance Manual recommends that local authorities incorporate the following principles into all aspects of
their decision-making about coastal margins:

Precautionary approach: A precautionary approach is adopted when making planning decisions relating
to new development, and to changes to existing development within coastal margins. Decision-making
takes account of the level of risk, utilises existing scientific knowledge and accounts for scientific
uncertainties.

Progressive risk reduction: New development is not exposed to, and does not increase the levels of,
coastal hazard risks over their intended serviceable lifetime. Progressively, the levels of risk to existing
development are reduced over time.

Coastal margin importance: The dual role of natural coastal margins as e fundamental form of coastal
defence and as an environmental, social and cultural resource is recogq'! in the decision-making
processes and, consequently, natural coastal margins are secured and3 oted.

Integrated, sustainable approach: An integrated and sustama@ @(o the management of
development and coastal hazard risk is adopted, w, ontrll@es toIQ)g Itural, social and economic
wellbeing of people and communities. 6

To achieve these principles, local governmentwﬂé@ tos \\(Q AQ/

identify and effectively account for coa:f& hazat@‘ vuln@q}tleﬁé}\d potential consequences within
coastal margins

communicate effectively to bu Iq%gg/ awaregés an{f)fbllc and political support for activities
pla

associated with coastal hazard

engage the community in consultag&n andk@mpar@m achieving effective community planning
outcomes. Q ()Q/

AN @)
’@ ) QQJ
A
(,O (90
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Figure 1.1:

1 Introduction to the Guidance Manual

11 Increasing coastal hazards and risk

A high proportion of New Zealand’s urban development has occurred in coastal areas.
Some of this development has been located in areas that are vulnerable to coastal hazards
such as coastal erosion and inundation (see Box 1.1).

In recent years, coastal development and associated infrastructure have intensified, and
property values in some areas have dramatically increased (Figure 1.1). As development
and property values in coastal margins increase, the potential impacts and consequences of
coastal hazards also increase. Managing this escalating risk over the coming decades now
presents a significant challenge for planning authorities in New Zealand.

Climate change will not introduce any new types of coastal hazards, but it will affect
existing coastal hazards by changing some of the hazard drivers. It will exacerbate coastal
erosion and inundation in many parts of the New Zealand coast further increasing the
impacts of coastal hazards on coastal development from no

Climate change effects are gradual. However, as mgg?& planning decisions have
long-term implications because of the permanenc ruc Lé'(eg buildings, roads,
network utilities), incorporation of cllm,é{e char@ nowy &hecessary consideration for the
majority of coastal planning.

Number of properties at risk @plt& &hons (CV) of properties

from coastal erosion ( al. ris coastal erosion
number of prope; (90 C%‘I.JJDGJDCI ]
0 13@0 \q g8, Y 500 750 $1000
June (J
2004 O
Aug \/ @
2003
100 <
-1997 (Je
@s OV of properties at risk over the
h%ﬁn oV ab 100 years next 100 years
rrber Erties currently : "
@“ " niirkis B cv of properties currently at risk

Existing coastal development at risk from coastal erosion in the Coromandel Peninsula, Waikato
Region. Source: Environment Waikato 2008.

1 In this Guidance Manual, ‘coastal’ refers to all areas defined to be part of the Coastal Marine Area
plus the adjacent land referred to as the ‘coastal environment’. So, ‘coastal’ includes open coasts,
estuaries, harbours, inlets, river mouths and adjacent land.
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Box 1.1: Ohiwa Spit. What goes arou

The patterns of coastal change on Ohiwa Spit
in the Bay of Plenty, and the effect this has on
coastal development, exemplify the problems
in land planning and coastal hazard
management that are occurring around the
New Zealand coast. Similar issues are being
faced at Mokau on the western coast of the
Waikato region and in most other regions
around the country.

Ohiwa Spit has a long history of fluctuations in
the position of the coastline. Between 1867
and 1911, the coastline of the Spit tended to
build seawards, or accrete. This period was
followed by an erosive phase over the next few
decades to around 1949. In the decade that
followed, the spit once again started to build
seaward until around 1959, when an erosive Photograph courtesy of R.K. Smith
phase once again began.

properties falling into the sea. However, this was not the first ti t property had been lost owing to
the natural cyclic changes that occurred on the Spit.

In the late 1800s, a hotel was built on the Spit and, in th 1920% the area subdivided. Within a
few years, subsequent erosion was so rapid that the Fd(ry, otelﬁost and the township was
abandoned, with a tidal channel ending u ere th@am st& d been.

This phase culminated in a series of storms in the mid- to late 197§.which resulted in a number of

tion or so later, in 1949, a new
eve on during the early 1950s. However, by

In the following years, the Spit appea& stabil nd a
subdivision further down the spit w

1965, erosion was again affectln erty’ ever, Illngs were lost to the sea over the
subsequent decade despite v atte@ 0 pr the coast with ad hoc seawall and railway-iron
protection. The buildings tl not ot duringhe storms in 1976 were removed from the
coastline. In the afterma ome I@/ner\ ved nsation whereas others retained their
n Io

titles to the land. Q S
Since these storn% % gh a phase of accretion, with the beach building
in width and dunes #hat h

put or sal me have sold. The issue of whether the new owners

ms re-established. In early 2006, a number of the
remaining section titles
Illng ese ephemeral sections is currently (April 2008) under

ated

gom
gth

should be permitted
appeal to the Env

ntC

Photograph _courtesy of Monique Ford

Sources: from Richmond, B.M., Nelson, C.M., Healy, T.R., 1984, Sedimentology and evolution of Ohiwa
Harbour, a barrier impounded estuarine lagoon in the Bay of Plenty, New Zealand, Journal of Marine
and Freshwater Research, 18; EDS 2006; Environment Bay of Plenty unpublished.
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1.2 Changing paradigms for coastal hazard management

Coastal erosion and inundation are natural processes that help shape the character of the
coastline around New Zealand. Most coastal hazard problems have been caused by coastal
development and subdivision being located too close to the existing shoreline to
accommodate natural changes and trends in shoreline movements. Subsequent
management of the hazard has been dominated by reactive and engineering-based
approaches that, over time, often lead to the level of risk increasing (not diminishing) and
the wider consequences becoming more complex to manage (Box 1.2).

Box 1.2: The development-defend cycle (adapted from Carter et al 1999)

Storm event

Demand for

Awareness of risk Heente

More coastal

development Defence works

Coywraunity ¢
i aviduals v3u]
secur

Our traditional approzci (0 managiiig coasia‘ 1iazards is predominantly reactive, characterised by
‘holding the line’ L'sing engin~enag struc.wures, sucli as rock revetments to protect coastal
development. Such: ‘solutiuns often adversely iir.pact on other environmental values, conflict with
wider public values and o yically ter.d to ignore the human dimension of the problem. They often
lead to ongoing intepsification vf developmem in hazard areas, resulting in the problems becoming
more complex over tivie. It ic now realised that continuing to defy natural coastal processes, and
defend the coastlin= as a rieciis to de~rzase the risk to coastal development, is an unsound
management epproach in most insteazes (Dahm 2007, unpublished).

Q7 N\
The fufdtions-gfdbcal government are set by the Local Government Act 2002 (LGA) and
otherspecificsstatutes, particularly the Resource Management Act 1991 (RMA). Key
requirements of the Local Government Act? are democratic local decision-making and
sustainable development: the social, economic, environmental and cultural well-being of
communities, in the present and for the future. The needs and expectations of future
generations in the decision-making process need to be considered.

The purpose of the RMA is to promote the sustainable management of the natural and
physical resources (specifically: environmental, social, economic and cultural aspects of
them). This includes management of coastal environments, particularly preserving natural
character from inappropriate development and maintaining or enhancing public access.?
Policies intended to achieve the purpose of the RMA in relation to the coastal environment*
are contained in the mandatory New Zealand Coastal Policy Statement.” ‘Avoidance and
mitigation of natural hazards’ is also included as a function of local government with
respect to the RMA.®

Local Government New Zealand 2003.

¥ LGA section 6.

4 RMA sections 56-58.

Under review — out for public consultation: March 2008.
® RMA sections 30 and 31.
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Figure 1.2:

The RMA (Energy and Climate Change) Amendment Act 2004 introduced the requirement
for anyone exercising powers or functions under the RMA to have particular regard to the
effects of climate change.” This amendment has relevance to:

o local government decision-making

o the increasing need to plan for the effects of climate change that can exacerbate
coastal hazards

o the increasing need to plan for the effects of adaptation measures put in place to
protect natural and physical coastal resources to alleviate the risks from climate
change.

Achieving sustainable coastal development that meets the reasonably foreseeable needs of
future generations requires a fundamental shift in the way we approach coastal hazard
management. Some of the paradigm drivers and shifts are summarised in Figure 1.2.

Historical or prevailing paradigm Changing paradigm

Living with coastal erosion as a natural
Hazards such as coastal erosion viewed cycll rocess that helps shape the
as ‘abnormal’ coastal behaviour. &ﬂ characterlstlcs of the coastal

Predominantly re-active approach to
managing coastal hazards after an event
occurs.

Managing coastal processes. H Influencing people.
\\

C O /\ Balanced consideration of a wide range

x of environmental and social objectives,
Focus on a single mana nt obj

based on physical im such including protection, but also issues
protectlon%f{‘ron O\o@sp such as natural character, public

egswners Q} access, cultural values, kaitiakitanga,

kaimoana and customary uses.

Uncertainty about th %urrerﬁ@ (Q Certainty about the occurrence of
climate change aq’gender@t wait f@ - climate change and the need to
more certain inq tion. (J e() respond.

@gementoQ Integrated approach to managing

Considera and ’ B . . )
} o multiple hazards, including dealing with
differe astal ds separately (eg, residEaI risk, eg emergengcy 9
i ation, tsunamis). L

eroglo tor
management.

Decision-making based on short-term
timeframes.

\0 A@e and strategic long-term

ch to managing coastal hazards.

Support for long-term planning
appropriate to the intended timeframe of
the decisions being made and ongoing
climate change impacts.

Increased control over existing use
rights with respect to hazard
management.

Little control over existing use rights with
respect to hazard management.

111

The paradigm changes required to enable successful and sustainable management of the impacts of
coastal hazards (adapted from Dahm 2007, unpublished).

However, coastal hazard risk is increasing. This is a result of the legacy of past
development decisions, increasing development and property values, and increasingly the
effects of climate change. These increased risks place considerable pressure on local
authorities to achieve long-term sustainable management of the coastal environment, as
well as sustainable development of coastal communities.

" RMA section 7(i).
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Challenges include:

o the need to provide for the natural character, ecological, landscape, amenity, public
access, cultural and spiritual values of the coast

o the increasing social and economic pressures to intensify the use and development of
coastal areas, particularly with respect to redevelopment, subdivision and associated
infrastructure

o the public’s and property owners’ perceptions of existing use rights, permanence of
property and local government responsibilities for protection from impacts of coastal
hazards

o the perceived need to protect people, property and infrastructure from the impacts of
natural hazards

o the complex and uncertain nature of assessing risks associated with multiple coastal
hazards and climate change

o potential liability on local authorities for present and future impacts on consented
and permitted coastal properties

« the need to integrate risk governance and risk transfg@py coordinating land-use
planning and the management of residual risk thr; emergency management
arrangements, insurance cover etc (e

o the need to raise people’s awareness and u \%tan of the risks they face

o the need to plan for tomorr VVQC§$B incl (ﬂ%mmlmlsmg the costs of inter-

generational adaptation arin costs(hare equitably.

1.3 Purpose of énce\(ﬁ dg,\

This Guidance M Y&w %:Q\ertt maﬂﬁ support local authority staff (policy,
planning, consen uild ering.$taff) dealing with some of these challenges to
effectively manage an n|m| stak@%ﬂd risks. It focuses on the three main types of

coastal hazards: S\O (Q

. coastalﬂ?%’bn caud by stQrJ¥is and long-term processes

. coa%ﬂ az&cau@% storms or gradual inundation from high tides due to
el ri
(gast '%dation caused by tsunamis.

The Guidance Manual aims to provide best practice information and guidance to strengthen
the integration of coastal hazards and climate change considerations within the land-use
planning and resource consenting process. More specifically, the Guidance Manual:

o provides information on the key effects of climate change on coastal hazards

o provides a risk assessment framework for incorporating coastal hazard and climate
change considerations into the decision-making processes associated with policy
development, planning and awarding resource consents

e promotes the development of long-term adaptive capacity for managing (ie,
reducing) coastal hazard risk through adoption of adaptive management and no-
regrets response options.

1.4 What's new in this edition?

This is the second edition of the Guidance Manual; it supersedes the first edition published
in 2004. It follows an updated assessment of the science of climate change produced by the
Intergovernmental Panel of Climate Change (IPCC) in 2007.
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Figure 1.3:

FS 1

The main changes in this Guidance Manual are:

o it updates the climate change science and provides guidance and recommendations
relevant to coastal margin issues in the New Zealand

o there is a new chapter on local government response to climate change, emphasising
how climate change adaptation fits within the key principles of local government
actions (Chapter 4)

o there are minor revisions to the risk assessment process to enable local authorities to
better characterise coastal hazard risk (Chapter 5)

o the chapter on managing coastal hazards and climate change risk has been
extensively revised (Chapter 6)

e supporting material in the appendices has been revised and updated as necessary.

The structure and format of the Guidance Manual has also been significantly revised with
the aim of making the document and the information contained within it more accessible to
the user.

.

1.5 A roadmap through the Guidance M I
7’ &
1.5.1 Structure of the Gwdance nual

This document is in two main sec pp;g% @ge of resources and further
information in appendices (Figu imat nge guidance section is generally
applicable to all involved witl M\ent ivities in coastal margins, whereas the
decision-making guidance s ghe aimed at those wanting to assess
the coastal hazard rlsks@gs g f & li at&xan

Climate change auvidance Decision-making guidance
Chapter 4: Responding to Climate Change:

IimateK
or Ne & aland(o Future-proofing Decision-making
rgmse (,Q’ Chapter 5: Understanding Changing Coastal

Hazard Risk

Q 06 Chapter 6: Managing Coastal Hazard and
Related Climate Change Risk

Chapter 2: The Changiuz&

Chapter 3: Implicati
Coas{%&

SUPPORTING RESOURCES

Chapter 7: Further Resources
Appendix 1: Relevant Legislation
Appendix 2: Relevant Case Law

Appendix 3: Factsheets: Coastal Hazard Drivers and Related Issues

Structure of the Guidance Manual.

Throughout the Guidance Manual, links are provided to the coastal hazard factsheets
contained in Appendix 3, where further information on the characteristics of coastal hazards
can be obtained. These links are shown by the boxed ‘FS’ with a number that refers to the
factsheet number. Reading the fact sheets first may be a useful strategy, particularly for
those new to the area of coastal hazards and climate change.
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1.5.2 Supporting guidance

In addition to this Guidance Manual, a range of complementary guidance is available or in
preparation on climate change, hazard management and coastal development aspects from
the Ministry for the Environment. These include:

o Climate Change Effects and Impacts Assessment: A Guidance Manual for Local
Government in New Zealand.®

e Ministry for the Environment Quality Planning website: Coastal development
Guidance Note*

e Ministry for the Environment Quality Planning website: Natural Hazard Guidance
Note.*°

Further sources of information and guidance are provided in Chapter 7 at the end of this
Guidance Manual.

8 MfE 2008a.
®  MfE 2008b.
10 MfE 2008c.
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2 The Changing Climate

2.1 Introduction

2.1.1 The certainty of climate change

The Intergovernmental Panel for Climate Change (IPCC) released its Fourth Assessment
Report in April 2007. It found that Warming of the climate system is unequivocal, as is
now evident from observations of increases in global average air and ocean temperatures,
widespread melting of snow and ice, and rising global mean sea level.

It concludes that most of the observed increase in globally averaged temperatures since the
mid-20th century is very likely due to the observed increase in anthropogenic greenhouse
gas concentrations.

The IPCC was formed in 1988 to provide reliable scientific advice on climate change.
Approximately every six years, it has produced a full assessment of the current state of
scientific knowledge on climate change and what it means%u Its reports provide
syntheses of evidence and analyses that have been pubh@s either in peer-reviewed
scientific journals or in other credible sources. Th&@ h Asggssment Report mvolved
over 1200 scientific authors and 2500 expert reV| fr re than 130 countries.*

and we now have a better und ing e un ties. A broader and more robust
assessment of the relationsh bserved changes to natural systems
has been possible.

Headline-making gl chan@ h w&rved are summarised in the IPCC
‘Summary for Pai rom T y5|(i cience Basis. Contribution of Working
Group 1. They ificlu e{

e concentratj o;&; car |0X|de%ve increased from a pre-industrial value of about
280 ppm 79 in 2 with a concentration growth rate for the period 1996
to 200 he average rate over the entire period since direct

gan i

me t 60 has been 1.4 ppm per year

Progress has also been made in gégandl ’She spgﬁ nd temporal changes in climate,
n

centr. ‘ons of other greenhouse gases have likewise continued to increase.
ethdp®concentrations have increased from a pre-industrial value of 715 ppb to
1732 ppb in the early 1990s to 1774 ppb in 2005. Both methane and carbon dioxide
concentrations far exceed the natural range over the last 65,000 years. Nitrous oxide
concentrations have increased from a pre-industrial value of 270 ppb to 319 ppb in
2005

e globally, 11 of the 12 years from 1995 to 2006 rank among the 12 warmest years in
the record of global surface temperatures (based on instrument measurements). The
100-year (1906—2005) linear rise was 0.74°C (0.56—0.92°C). Over the last 50 years,
the rise per decade has been nearly twice that of the last 100 years. Since 1950,
there has been a 0.3-0.7°C warming across the Australia—New Zealand region as a
whole

o observations since 1961 show that the average temperature of the global ocean has
increased to depths of 3000 m and that the ocean has been absorbing more than 80%
of the heat added to the climate system

o global mean sea levels have risen by an average of 1.8 mm per year (1.3-2.3 mm per
year) over the period 1961 to 2003, and by 1.7 mm per year (1.2—-2.2 mm per year)
over the entire 20th century.

1 Adapted from NIWA & the Royal Society of New Zealand 2008.
2 |PCC 2007a.
3 ppm = parts per million; ppb = parts per billion.

8 Coastal Hazards and Climate Change: Guidance Manual 2008



A more detailed summary of global changes that are known to have occurred can be found
on the IPCC website, in the above-cited ‘Summary for Policymakers’, in the full Working

Group | report;** and in the Fourth Assessment Synthesis Report.™

2.1.2 Future climate change projections

Projections of future climate change are made using computer models of the Earth’s
climate. These Global Climate Models*® (GCMs) simulate the effect on the atmosphere
and oceans of different possible future scenarios of greenhouse gas emissions. A range of
future scenarios are used as we do not know exactly how human-induced greenhouse gas
emissions will vary over the coming century, and therefore cannot define exactly how the
emissions will translate into climate changes and sea-level rise. Mainly because of this
uncertainty projections of changes in temperature, sea-level rise etc, are presented as
ranges, rather than a single value.

Key future projections from the Fourth Assessment Report are also summarised in the
IPCC ‘Summary for Policymakers’. They include:

» arise in global average temperature of 0.6°C (0.3-0.9°€) by 2090-2099 relative to
the average for 1980-1999 if emissions did not exc 2000 levels. Over the next
two decades, temperature will rise at a rate of ab 71°C per decade owing to the
slow response of the oceans. This rate will i e tosabout 0.2°C per decade if
emission rates continue to increase within @ ange e future scenarios

e abest estimate of global avem@ mp%gure ri between 1.8 and 4.0°C (the full
range of emission scenarig clud lhu Qﬁlntles suggest 1.1-6.4°C) by

2090-2099 relative to bal erature for 1980-1999. For a mid-
range emissions scen@ (A1 eb timate is a 2.4°C (1.7-4.4°C) rise in
at|ve er

temperature by 20{ 2099 e¥or 1980-1999.

A more detailed mary Iob @ ect future climate change can again be
found in the umfaary for cy and in the full Working Group |
report.'’ Detaifs of tl( otentN,c cllmate within the New Zealand region are

din B Q1 id Guidance Manual.®®
summarised in rs% 3{@ Vviae Companlon uldance vianua
‘2‘
’@ ,b(\ Q
(,O (90\

4 |PCC 2007a, 2007c.
15 |Ipcc 2007e.

16 Also known as ‘Global Circulation Models’ or *Atmosphere—Ocean Global Circulation Models’
(AOGCMs).

7 |pCcC 2007a, 2007c.
18 MfE 2008a.
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Box 2.1:

Temperature e

Precipitation e

Glaciers

Wind

2.2

221

Long-term changes or trends in relative sea level in a particular region are typically due to a

Summary of expected climate change in New Zealand

Increase in mean temperature, of more than observed
in the 20th century warming.

Increase in mean temperature by 0.9°C by 2040 and
2.1°C by 2090.

Least warming in the spring.
Fewer cold temperatures and frosts and more high
temperature episodes.

Increase in annual mean rainfall is expected for
Tasman, West Coast, Otago, Southland and Chatham
Islands regions.

Decrease in annual mean rainfall in Northland,
Auckland, Gisborne and Hawke’s Bay regions.

Heavier and/or more frequent extreme rainfalls where
mean rainfall increases are predicted.

Heavier and/or more frequent extreme rainfalls.

Shortened duration of seasonal snow lying.
Rise in snowline.
Decrease in snowfall events.

Continued long-term rel'uction ir ice volurne and
glacier length.

Increase in ~n/v:al mear, westerly coniponent of
windflow #c125s New z2aland.

About 2 1% inc’ease in ar.cal mean v ‘esterly
comeronent of ‘itw by 2010 and bzyon .

Ev 090, incicased nmiexi1 wester y in winter (> 50%)
and spring > 20%, . ¢ hd decr:ased westerly in
summer and autumn (20%)

Increase in e rere wina sisk possible.
Up to a 29% increase In strong winds (eg, > 10m/s or
top 1<t percentil2, by 2090.

Mryre stormin2ss possible, but little information for
New Zealand

Impacts of climate change on sea level

Causes of changes in sea level

combination of three main components:*

Confidence level

Very confident
Moderate confidence

Low confidence
Very confident

Moderate confidence

Moderate confidence
Confident

Moderate confidence

Confident
Moderate confidence
Low confidence

Confident

Moderate confidence
Low confidence

Low confidence

Moderate confidence
Low confidence

Low confidence

o (global average eustatic or absolute sea-level rise. This is due to a combination of:

o anincrease in ocean volume due to lower seawater density, arising from a
warmer ocean temperature and lower salinity

o an increase in ocean mass due to a re-distribution of fresh water from land-based

storage (eg, glaciers, ice sheets, dams, lakes, rivers and groundwater) to the

oceans.

o departures (positive or negative) from the global average in different sub-regions of
the world’s oceans (New Zealand being part of the Southwest Pacific sub-region).
Examples are differences due to non-uniform patterns of temperature and salinity
change, variations in mean surface atmospheric pressure and wind stress, and
varying response of ocean currents to climate change. As yet, these geographical
variations are poorly understood but could be significant.

1 Nicholls and Lowe 2004.

10
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Table 2.1:

o local vertical land movements. The landmass can be stable, subsiding or rising. The
latter two can be either incremental tectonic shifts (eg, as the result of an
earthquake), or gradual (eg, due to crustal loading of sediments or rebound of the
crust following the last Ice Age).

It is important to note that the IPCC provides projections for the first bullet point above
(global mean) and some general guidance on the regional changes only.

2.2.2 Recent sea-level change

Measurements of sea-level changes over the last two centuries have come primarily from
long-term data from tide gauges mounted on land. The longest records suggest that the rate
of rise of global sea levels began to increase from around the early to mid-1800s after
relatively stable sea level in the preceding century. Tide gauges provide measurements of
relative sea-level rise. Defining absolute sea-level change from such data is difficult owing
to their limited spatial distribution (they are located around continental margins and
dominantly in the northern hemisphere), and because of vertical land movements (which
are often not accurately quantified).

.
.

Ilite altimeter data from the
rovide a recurring measurement
the(@utudes 66°S to 66°N.

Tide gauge data have been supplemented since 1993 wit
TOPEX/Poseidon and Jason-1 satellites. These satelli
of sea levels along a ground track every 10 days b,

The Fourth Assessment Report re h@ed thqgest est Qt/e rates of 20th-century sea-level
rise summarised previously in the“burd Agssment F@port Table 2.1 reproduces these
estimates from the Fourth Ass ent . y advance since the Third
Assessment is the ability to bal I seg-level ‘budget’, accounting for the
various processes that co frlbute te'sea-levél &e time of the Third Assessment,

there was still a subst |ne hat was known to be contributing to
the linear sea-level up t%e of Ia ntur the actual measured rise (which was
higher). K

Estimated rates of o%rl\ﬂlean §§9eve| @Qr different periods over the 20th century summarised
within the Fourth sment@port ()

Period Mee:» 1ate of vea-level rise Notes

2023&)/ 1.2 to 2.2) mm/yr

19 03 (9 8 (1.3 10 2.3) mmiyr

1993-2003 3.1 (2.4 to 3.8) mm/yr Whether this faster rate reflects decadal variability
or an increase in the longer-term trend (or both) is
unclear.

There is less certainty yet whether an acceleration in global mean sea-level rise has begun.
Using reconstructed global mean sea levels from 1870 to 2004, a small acceleration of sea-
level rise of 0.013 + 0.006 mm per year over the 20th century has been observed.”* If this
rate of acceleration remained constant, this factor alone would result in @ mean increase in
sea level of between 0.28 m and 0.34 m for 1990-2100 (compared with a rise of 0.12—
0.22 m if the observed linear rate over the 20th century continued without the acceleration).
However, this rate of acceleration is expected to increase (see next section).

In New Zealand, tide gauge records from our four main ports average out to a linear rise in
relative mean sea level (with respect to the land surface) of 1.6 mm per year (or 0.16 m per
century) over the 20th century?®® (Figures 2.1 and 2.2). Up until 1999 (when the last
analysis was done), there was no statistically significant long-term acceleration.

2 |pPCC 2007c: Chapter 5.
2L Church and White 2006.
22 Hannah 2004.
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Figure 2.1:
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Annual mean sea-level data from the Port of Auckland (Waitemat bour) up to 2005, which
represents the longest, most consistent record in New Zealand. d lines in relative sea-level rise

since 1899 were calculated from data measured at Auckla%@ 9—1@), Wellington (1899-2001 with
gaps), Lyttelton (1901-2001 with gaps). Sources: HaanJ 4 Pc(\ Auckland Ltd unpublished;

NIWA unpublished. A Q/ e

Sea level is also measured at aboue;S oth @uges d New Zealand by various
agencies such as port compan ion nC|Is and territorial authorities.
Unfortunately, most of thes e dl$ reco f s than 10 years’ duration — too short
to allow any valid state foto be e on ons in sea-level trends. However, a

medium-length recor 3ye unga oturlkl) shows that sea level |n the
Bay of Plenty is rC; |ng‘1o m|I ay to"!p recorded at the Auckland gauge.?

These New Zealand . rlse.QE’rela the landmass on which the tide gauges are
@ sea—ngb rise for the New Zealand region, information is
required on the de

nce over the term of the record. Quantifying
vertical land pyi n isﬂ\ﬁncult b e:
. difb}ht@Q@ement oWthe gauge facility must be determined from regular

6’&1rate ying back to a ‘stable’ benchmark representative of the landmass

mcrer@tal or sudden changes due to tectonic movements need to be isolated from
continuous ‘creep’ of the landmass

e measuring changes in vertical movements at each location requires either regular,
but expensive, high-order survey traverses of primary benchmarks in a region, or
continuous Global Positioning System (GPS) monitoring with a GPS receiver at the
gauge site. The latter is being undertaken by GeoNet,? but will require around
10 years of data before long-term (decadal) trends can be evaluated.

% Bell et al 2006.
2+ www.geonet.org.nz/resources/gps (23 April 2008).
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Figure 2.2:

Auckland L ]
Sealevel frend = 140 mmiyr

FPTEF O L
N~

Linear trends in relative gblev ed fro \Qw Zealand's four long-term port records for data up to
1998 (Dunedin), 20 6@ klan ZOOl&IIington and Lyttelton). Corrections to mean annual sea
level have been r datypn, shifts, tides (8.8- and 18.6-year tides) and annual pressure and
rise for Dunedin is due to the low quality of the data and
¥en to this value in deriving the New Zealand average rate of
or the update to 2006 for Auckland).

temperature dlf‘f ntes. T wer r
poor wharf s so %\/e@
rise. Sourcés annab NIW.

Int erm@}stal model estimates of regional vertical movements of the land due to
isostatic adjustment for New Zealand suggest an average rise of around 0.5 mm per year.?
Adding this to the average relative sea-level rise for New Zealand of 1.6 mm per year
suggests the eustatic (or absolute) sea-level rise is around 2.1 mm per year. This is close to
the observed global average sea-level rise of 1.7 £ 0.5 mm per year (Table 2.1) over the
20th century.

Within a few more years, there should be sufficient data from the monitoring of ground
motion, from a combination of local levelling and a national network of stations tracking
the GPS satellites. This will provide a more definitive separation of vertical land motion
from absolute sea-level rise. However, the consistency of the trends in relative sea level
between the sites (excluding Dunedin, where wharf and reclamation stability is a factor)
suggests the differential ground motion between sites, if it exists, will be relatively small.

2.2.3 Global sea-level change to the end of this century

Sea levels will continue to rise over the 21st century and beyond, primarily because of
thermal expansion within the oceans and the loss of ice sheets and glaciers on land.*®

% Hannah 2004.
% |PCC 2007c: Chapter 10.
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Figure 2.3:

The basic range of projected sea-level rise that was estimated in the Fourth Assessment
Report is for a rise of 0.18-0.59 m by the decade 2090-2099 (mid-2090s) relative to the
average sea level over 1980-1999 (Figure 2.3). This range is based on projections from
17 different global climate models for six different future emission scenarios.
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measured b ga rough he world. The red line is the decadal averaged sea levels as
measure atelll.t ce 1993. The green line is the mean annual relative sea level as measured at

out tQ th209 dark blue line shows the potential additional contribution from Greenland and
Antarclica Ice ets if contributions to sea-level rise were to grow linearly with global average
temperature change. The vertical coloured lines on the right-hand side show the range in projections
from the various GCMs for six emission scenarios.

the Fi(op uckl@mce 1899. The light blue shading shows the range in projected mean sea level
e

The IPCC developed 40 different future emissions pathways or scenarios (referred to as the
‘SRES scenarios’), which fall into four families (A1, A2, B1, B2). Each family envisages a
different future, with different levels of technological development and global economic
integration. There are six SRES “illustrative’ scenarios, each broadly representative of their
‘family’ and spanning a reasonable range of plausible futures. A more detailed description
of these scenarios is contained in Appendix 1 of MfE (2008a).

The ranges for each emission scenario are 5% to 95% intervals characterising the spread of
GCM results (bars on the right-hand side of Figure 2.3). However, these projections
exclude uncertainties in carbon cycle feedbacks and the possibility of faster-than-expected
ice melt from the Greenland and Antarctica Ice Sheets.

The basic set of projections (light blue shading in Figure 2.3) includes sea-level
contributions due to ice flow from Greenland and Antarctica remaining at the rates
observed for 1993-2003. But it is expected that these rates will increase in the future,
particularly if greenhouse gas emissions are not reduced. Consequently, an additional
0.1-0.2 mrise in the upper ranges of the emission scenario projections (dark blue shading)
would be expected if these ice sheet contributions were to grow linearly with global
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Figure 2.4:

temperature change. An even larger contribution from these ice sheets, especially from
Greenland, over this century cannot be ruled out.

It is important to note that the range of uncertainty in projections of future sea-level rise is
largely related to different future scenarios of greenhouse gas emissions (based on scenarios
of different future socio-economic profiles, energy use, transport) and the differences in
projections from the various climate models used for each emission scenario. In terms of
sea-level rise, all emission scenarios suggest a rise of at least 0.26 m to 0.38 m by the 2090s
relative to the average for 1980-1999. However, constraining sea-level rise to within this
range will require substantial reductions in greenhouse gas emissions very soon.

2.2.4 Comparison with the Third Assessment Report

Although expressed differently, the global sea-level rise projections in the Fourth
Assessment Report are not all that different from those contained in the Third Assessment
Report of 2001. The Third Assessment Report suggested a mean sea-level rise of between
0.09 m and 0.88 m by 2100, relative to 1990 for the full range of emission scenarios and
GCM uncertainty (Figure 2.4). Subsequent improvements in the information available on
global sea-level changes and land-ice storage gathered by sa@ktes along with
improvements in the computer models used, have result%%a reduced uncertainty range
for the latest projections. >

O X
The major differences are in: (J (\

o the way the timeframes for I’Oje s ha @n presented (2100 relative to
1990 in the Third Assess with 2090s relative to the average
for 1980-1999 in theé;%r

men ort)

e the caveat in the qu)?th Asgedgsment| ort | additional 0.1-0.2 min the upper
ranges of the ion r|o jectio elting of the Greenland and West
Antarctic ép et e I|n with global average temperature change
over this tury \,

Q/
o that the Fourtl efm @&T\Q)es not assess the likelihood, nor provide a best
ors

estimate gz@per bo vel rise.
¢ C
The Fourth sme epog’%ﬁt suggesting that the projections for sea-level rise have
reduced si pupl\ n of the’Third Assessment Report.
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Comparison between sea-level rise projections from the Third Assessment Report (grey shading) and
the Fourth Assessment Report (light blue shading shows the projection for the 2090s, dark blue shading
shows the potential additional contribution from Greenland and Antarctica Ice Sheets if contributions to
sea-level rise were to grow linearly with global average temperature change over this century).
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Figure 2.5:

2.2.5 Ocean sub-region departures from global averages

Ocean sub-region departures will occur from the global mean sea level owing to regional
variations in thermal expansion rates and changes in oceanic circulation within and across
the world’s oceans.

Substantial spatial variation in sea-level rise can be seen in all the global climate models
but the geographical patterns between different models are not generally similar in detail.
However, more of the GCMs show an increase above the global mean in the New Zealand
region, than a decrease.?’

Figure 2.5 shows an ensemble mean from 16 GCMs forced with the A1B emission
scenario® which suggests sea-level could be around 0.05 m higher relative to the global
mean. However, further work is required to more accurately define the potential magnitude
of any regional change around New Zealand relative to the global mean.

2.2.6 Local variability in New Zealand

Variations in vertical land movements around New Zealand wi[l also influence relative sea-
level rise around New Zealand. At a national scale, the se Rvel records over the last
century suggest that this influence may be relatively sm(k system for the continuous

measurement of vertical land movements has been { e sm@ around 2002, but its
period of operation is too short to aIIow any firm onelusiq be drawn on long-term
regional movements. Approxmate moreggars of collection is required. Abrupt
tectonic movements that may o a eart ke are not able to be forecast and,
therefore, are not considered i | |ng ea ise.

While vertical landmass no&@iefl ve, in the end it is relative sea-level
rise (as measured direcidyNy st ou a- auges) for a particular region or
locality that is of pﬂ@lmpor ew nsw&he coastal impacts of climate
change. c’)

bc)

02 -01 0 01 02

Local sea level change (m) due to ocean density and circulation change relative to the global average
during the 21st century. Positive values indicate greater local sea level change than the global change.
Values have been calculated as the difference between averages for 2080-2099 and 1980-1999, as an
ensemble mean over 16 GCMs forced with the ‘SRES A1B scenario’. Stippling denotes regions where
the magnitude of the multi-model ensemble mean divided by the multi-model standard deviation
exceeds 1.0. Source: Figure 10.32 in IPCC 2007c.

2T Gregory et al 2001.

% |PCC 2007c: Chapter 10.
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Figure 2.6:

2.2.7 Future sea-level change beyond the end of this century

Sea level will not stop rising at 2100, but will continue to rise for many centuries into the
future. Given the permanence of infrastructure and development of entire subdivisions,
consideration will need to be given for timeframes beyond 2100 to address sustainability
and inter-generational resource management issues.

Future sea-level rise will consist of both a continued response to past emissions (due to the
long lag times in the deep ocean’s heating response to climate warming) and to future
emissions (Figure 2.6). This lag response, known as the ‘present future commitment to sea-
level rise’, will result in sea levels continuing to rise for many centuries even if emissions
were stabilised today. Indeed, sea levels to about 2050 are relatively insensitive to changes
in emissions over this timeframe (due to the inherited commitment), but future changes and
trends in emissions become increasingly important in determining the magnitude of sea-
level rise beyond 2050.% Figure 2.7 provides some indication of the total amount of sea-
level rise that could be expected from thermal expansion (again excluding ice melting) for
different levels of future carbon dioxide concentrations at stabilisation.

Stabilisation of future emissions will also play an important role in determining the
potential contribution of the two major uncertainties associatgg*with longer-term sea-level
rise, that of the Greenland and West Antarctic Ice Sheet: tastrophic contributions to
sea-level rise from collapse of the West Antarctic Ice i@ or the rapid loss of the

Greenland Ice Sheet are not considered likely to n th t century, based on
currently understanding (Box 2.2). H ver rre@ f such catastrophic changes
as c tratlons continue to rise.

becomes increasingly more I|ker

2
1.5

Sea-level rise due to
thermal expansion (m)

0.5 =3 S
_ O \
0 ’\a PV 1[‘\e 1
2000 A#200 \O\ @e‘o’ 2600 2800 3000
fb < Year

Sea-level rise nd 21 |bu 0 thermal expansion only (ie, excluding ice melting), calculated
by eight cli OO for the A1B emission scenario. This scenario assumes that
carbon di equ;v oncentratlons rise over this century to 700 ppm before stabilising beyond
2100 from Figure 10.34 in IPCC 2007c.

2 Nicholls and Lowe 2005.

% carbon dioxide equivalent concentration is used to compare the effect from various greenhouse
gases. It is the concentration of CO, that would cause the same amount of radiative forcing as a
given mixture of CO, and other greenhouse gases. Source: IPCC 2007a.
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Figure 2.7:
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projections consider thermal expansion onlw&ny contgputions p, arly from the Greenland and
West Antarctic Ice Sheets will be additipn 0Ss n. e: adapted from Table 5.1 in IPCC
2007e. 6 > KQ

Box 2.2: Loss of the Greelland ana W=st Anfarciic Ice Sheets and implications for sea-level
rise (adapted frur1: IPCC. 2007c: CChopcerl0, ‘Frequently asked questions’)

Model simulations and owservatior.s indicate (at warminy in the high latitudes of the Northern
Hemisphere is acceiar.xting thr: melting of th2 Greenlar.d Ice Sheet, and that increased snowfall due to
the intensified hyaro:ogical cycle is unak'e to comuansate for this melting. As a consequence, the
Greenland Ice Sheet may’ shrink substantiall’ iix e coming centuries. Moreover, results suggest that
there is a critical tempz -ature thre:shold bevona which the Greenland Ice Sheet would be committed to
disappearing comgletely, and that threshnid could be crossed in this century. However, the total
melting of the Grezmand Ice Sheet, whic would raise global sea level by about 7 m, is a slow process
that could take 1hany hurd,eds of ve:ars to complete.

Recent sataiitz and ir, 5tu observations of ice streams behind disintegrating ice shelves highlight
some rap:d ;eactions f ice sheet systems. This finding raises new concern about the overall stability
of the wast Anterctic Ice Sheet, its collapse would trigger another 5-6 m of sea-level rise. These ice
stream.s appe ar Huttressed by the shelves in front of them. It is currently unknown whether a reduction
or failure of this buttressing of relatively limited areas of the ice sheet could actually trigger a
widespread discharge of many ice streams and, hence, a destabilisation of the entire West Antarctic
Ice Sheet. Ice sheet models are only beginning to capture such small-scale dynamical processes that
involve complicated interactions at the ice/ground interface (eg, friction, lubrication) and at the ocean
boundary. Therefore, no quantitative information is available from the current generation of ice sheet
models regarding the likelihood or timing of such a trigger.

2.2.8 Science literature subsequent to the Fourth Assessment Report

Since the cut-off point for science publications to be considered within the IPCC Fourth
Assessment Report process, further scientific papers have been published. These add to the
array of information on potential future sea-level rise over this century and beyond.
Relevant to the guidance provided in the next section, are recent publications that relate to:

o improved quantification and confirmation that the Antarctic ice cap is shrinking (ie,
losing mass).*! This is due to ongoing and past acceleration of ice loss from glacier
melting and discharge in parts of Antarctica. Overall, across the ice cap, recent ice
loss is greater than the gain from snowfall. However, is as yet unclear whether this
trend of increased discharge of ice from Antarctica is a response to recent climate
change and will continue in to the future, or whether it is a rapid short-term
adjustment that will reduce in the near future.

1 For example Rignot et al 2008; Shepherd and Wingham 2007; Bamber et al 2007.
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o higher estimates of sea-level rise over the 21st century than suggested by the IPCC
Fourth Assessment Report. These are based on a semi-empirical technique that
estimates sea-level rise indirectly from changes in global-average near-surface
temperature.®” The Rahmstorf study concluded that a sea-level rise of between
0.55 m and 1.25 m is possible by 2100 (0.50 m to 1.40 m with statistical error). This
was followed by the Horton study which concluded a rise of between 0.54 m and
0.89 m by 2100 (0.47 m to 1.0 m with statistical error).

The methodology used in both these studies was based on a relationship between
changes in global near-surface temperatures and sea-level between 1880 and this
present decade. One half of the dataset was used to derive the relationship with the
other half used to verify the predictions based on the relationship. Based on this
relationship, and using temperature projections from various GCMs, sea-level rise
projections were estimated. The global-average temperature projections out to 2100
used by Rahmstorf are based on IPCC Third Assessment Report GCM results for all
six emission scenarios, whereas Horton et al, used global-averaged temperatures
from IPCC Fourth Assessment Report GCM results, but for only three emission
scenarios (B1, A1B, Al). For these three emission scenarios, sea-level rise
projections by Horton et al, are around 0.1m lower than for the corresponding
projections estimated by Rahmstorf. v N

Temperature projections used are based on GCWIaﬂons which do not include
all processes which may influence future te ure sch as carbon-cycle
feedbacks. Both studies assume the histor elati Ip between temperature
change and sea-level rise is \@\o the, €@l of thi tury. Implicitly this assumes

that the two main compon tri gto evel rise (thermal expansion and
glacier/ice cap Iosses) tr| Sotthe same relative proportion as they
have done since 188 WS I| at ice loss will increasingly dominate

with the p035|b| f no ear i he approach of using surface

over thermal expa & ntrations continue to rise particularly
temperature E ctlon® esti utu?& IeveI rise has resulted in substantial

scientific ssiopGas yet n entlfQ nsensus has been reached over the

validity of |sgg( dol%§v
O
2.3  Futxg'sea IQ%I ri wdance

Inits Fourﬂ%;bsse Rep@the IPCC has found that “Because understanding of some
import ect: ing sea-level rise is too limited, this report does not assess the

like @wde a best estimate or an upper bound for sea-level rise”. While there
are uncertalnt S associated with the science around sea-level changes, national and local
governments and individuals must continue to make decisions that either implicitly or
explicitly make assumptions about what this rise will be over a planning timeframe.

Adopting a risk assessment process is advocated in this Guidance Manual (Chapters 4
and 5): it is a useful approach for incorporating uncertainties such as those associated with
future sea-level rise.

This requires a broader consideration of the potential impacts or consequences of sea-level
rise on a specific decision or issue. Rather than define a specific climate change scenario or
sea-level rise value to be accommodated, it is recommended in this Guidance Manual that
the magnitude of sea-level rise accommodated (within any particular issue or decision,
where it is a factor), is based on the acceptability of the potential risk. In other words, the
decision on what sea-level rise value to accommodate is based on a balanced consideration
between:

32 Rahmstorf 2007; Horton et al 2008.
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the possibility of particular sea levels being reached within the planning timeframe
or design life

the associated consequences and potential adaptation costs, and

how any residual risks would be managed for consequences over and above an
accepted sea-level rise threshold, or if the accommodated sea-level rise is
underestimated.

This is shown conceptually in Figure 2.8.

Where sea-level rise is a potential factor in a decision making process, this Guidance
Manual recommends that sea-level rise considerations within such a risk assessment are
based on the IPCC Fourth Assessment Report sea-level rise estimates, including
consideration of the potential consequences from higher sea-levels due to factors not
included in the current global climate models.*®

To provide some guidance on this assessment process, this Guidance Manual recommends
for planning and decision timeframes out to the 2090s (2090-2099):

1. abase value sea-level rise of 0.5 m relative to the 19@11999 average* should

be used, along with

. an assessment of the potential consequences f ge of possible higher

sea-level rises (particularly where |mpact WQﬂ ely ve high consequence
or where additional future ad tion o are I@ ed). At the very least, all
assessments should consid r ns ean sea-level rise of at
least 0.8 m relative to th 0- 19 era urdance is provided in Table
2.2 to assist this asses

For longer planning and e(@casmn t fram@%er result of the particular decision,

future adaptation opt ill bé@mteﬁiiﬁq allov@ for sea-level rise of 10 mm per year
beyond 2100 is r n adgqiiwn to thelabove recommendation).

FEE L

’Z> \EEAS)
v O &
’@ > Q
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33

34

Such factors not included in the GCM models relate to uncertainties associated with increased
contribution from the Greenland and Antarctica ice sheets, carbon cycle feedbacks, and possible
differences in mean sea level when comparing the New Zealand region with the global average.

Assuming an average rate of mean sea-level rise of 1.6 mm/yr, sea levels have risen on average
by about 27 mm between the midpoint (1990) of the 1980-1999 IPCC reference timeframe and
2007. This should be accounted for when using recent observed sea level measurements.

20
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Table 2.2:

Table 2.3:

Summary of sea-level rise projections and contributions, uncertainties and recent (2007—-2008) science
publications to guide the risk assessment process

Sea-level rise factors Projected sea level
rise by 2090s

(2090-2099)
(m)

IPCC Fourth Assessment: Model projected sea level rise based on 6 0.18-0.59 m
emission scenarios and accounting for:

e Thermal expansion
e Land glaciers and ice caps

e Greenland and Antarctic ice sheets contributing at the same rate as
over the period 1993—-2003.

IPCC Fourth Assessment: Consideration of additional contributions
to the above:

e Greenland and/or Antarctic Ice Sheets if contributions to sea-level 0.1-0.2m

rise were to grow linearly with global average temperature change

. . . . Up to 0.05
e Potential differences in the NZ region from the global mean sea-level pto m

rise due to ocean density and circulation change, based onan
ensemble mean from 16 GCMs forced with the A1B emission, Q/'

scenario. Qo
O\

N
Consideration of additional contributions / recent sci?@tn \‘

defining the potential full range of sea level:

magnitude unknown

e Further differences in the Ne&&md rgeli ’bfromgg lobal mean Direction unknown,

sea-level rise magnitude unknown
e Accelerated contributio&)@ Gregni™fd ar@ntaroﬁ&lce Sheets Positive, magnitude
o Increased evide A@osi 's fast n unknown

considered in (eg, ot et a%os; @e’rd and
Winghamé? S Q
e Higher sea-levefrise r@s in t!‘prature@sequent to IPCC

e Climate carbon cycle feedbacks \& Q/ @ Positive likely,
¥ &

ARA4: By 2100:
o Rahmstorf ( basé(@ GCM@ simulations of all six © 26551—1625 m "
emissio rios 2U0-L40mwi
7} (Je statistical error)

o Ho \tal (% basa@éCM AR4 simulations of three By 2100:
sb 'on sc& os (B1, and A2) 0.54-0.89 m
: (0.47-1.0 m with
P

s@&m): Commentary that sea-level rise likely to rise statistical error)

more ¥én 1 m this century if greenhouse gas emissions follow > 1 m by end of century
an IPCC business-as-usual scenario.

Table 2.3 summarise these baseline sea-level rise recommendations to guide the risk
assessment processes for shorter planning and decision timeframes over this century.

Baseline sea-level rise recommendations for different future timeframes

Timeframe Base sea-level rise allowance Also consider the consequences of sea-
(m relative to 1980-1999 level rise of at least:
average) (m relative to 1980-1999 average)

2030-2039 0.15 0.20

2040-2049 0.20 0.27

2050-2059 0.25 0.36

2060-2069 0.31 0.45

2070-2079 0.37 0.55

2080-2089 0.44 0.66

2090-2099 0.50 0.80

Beyond 2100 10 mml/year
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Figure 2.8:
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2.4 ImpsQ of cﬁ%’ate ge on other physical drivers

int(@ncir;g‘coa azards

Smcev\gb ird AsSeSsment Report (2001), there has been little progress, both globally and
alm understanding the effects that climate change is having, and will have,
on the other ers of coastal hazards such as tides, storms, waves, swell and coastal
sediment supply. Some indicative guidance on the possible effects on these drivers is
provided below.

2.4.1 Tide range and relative frequency of high tides

Deep ocean tides will not be directly affected by climate change. However, tidal ranges
(and the timing of high and low water) in shallow harbours, river mouths and estuaries
could be altered by changes in channel depth. These changes could occur through either
the deepening of channels where sea-level rise exceeds the rate of sediment build-up, or
conversely by the formation of shallower channels where rates of sediment build-up (from
increased run-off due to more intense rainfall events) exceeds sea-level rise.

Further, around the New Zealand coast, the relative frequency of high tides that exceed a
given land level will change depending on the relative magnitude of tide range around New
Zealand (Box 2.3). Problems will be exacerbated for coastlines with smaller tidal ranges in
proportion to sea-level rise, where high tides will more often exceed current upper-tide
levels, thus allowing more opportunity to coincide with storms or large swell.*® For the
central east coast and Cook Strait / Wellington areas, this means that sea-level rise will

% Bell 2007.
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have a greater influence on storm inundation and rates of coastal erosion than it will on
coastal regions with relatively larger tidal ranges (eg, west coast).

Box 2.3:  Future frequency of high tides

Tarakohe: HW range of 1.7 m
3-5 L L L L] L] L] L] L] L]
E
= 0.79 m sea-level
9 3 . I
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The plots above show a comparison between the frequency of high tides at Tarakohe in Golden Bay,
which has a high tide range of 1.7 m (top), and Kaikoura on the east coast of the South Island, which
has a smaller high tide range of 0.6 m (bottom). For each plot, the heavy black line shows the
percentage of high tides that exceed certain levels above Mean Level of the Sea (MLOS) for present-
day sea levels. If we consider the Mean High Water Perigean-Spring (MHWPS) level, at Tarakohe this

is currently exceeded by about 3.5% of high tides, and at Kaikoura by about 10% of high tides. The
coloured lines show this occurrence with future sea-level rises of 0.18 m (buff), 0.59 m (green) and

0.79 m (red). For a sea-level rise of 0.18 m, a present-day MHWPS level would be exceeded by 12% of
the high tides at Tarakohe but by 51% of the high tides at Kaikoura. For sea-level rises of 0.59 m and
0.79 m, present day MHWPS level would be exceeded by 48% and 66% of high tides, respectively, at
Tarakohe, but at Kaikoura every high tide would exceed present day MHWPS.
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FS 1,624,710

Table 2.4:

In a planning context, the present-day level of Mean High Water Spring (ie, the
jurisdictional boundary) will be exceeded much more frequently by high tides in the future
on sections of the coast where the tidal range is lower, than on sections where the tidal
range is higher.

2.4.2 Storms

Changes in storm conditions will affect coastal margins around New Zealand through
possible changes in the frequency and magnitude of storm surges and storm tides, and in
swell and wave conditions (see next sections). Whilst it is expected that the intensity of
severe storms may increase, there remains uncertainty associated with how future climate
change will influence the frequency, intensity and tracking of tropical cyclones (in the
Pacific tropics), ex-tropical cyclones (which track down to the temperate regions such as
New Zealand), extra-tropical cyclones (generated in the mid-Tasman) and low-latitude
storms.

The Fourth Assessment Report® summarised the present knowledge of future changes to
tropical and extra-tropical cyclone conditions, where there is confidence in the direction of
the projected change based on current scientific evidence (T@Ie 2.4).

Current known changes in global future tropical and extra-r ?:ycl&‘e conditions (adapted from
Table 11.2 in IPCC 2007c).

Change in phenomena Projected C

Tropical cyclones: Q @

e Increase in peak wind [ 'kely@*nost tr@%l cyclone areas
intensities k(_)@

e Increase in mean an@ . @ove tropi /§clone areas
peak precipitation Q %

intensities
e Changesin frcaency b Dei Se in r@ er of weak storms but increase in number of

of occurrence ong stor edium confidence based on some GCM
OjECtI
@ GI averaged decrease in number, but specific regional
(J es that will depend on sea-surface temperature change

dlum confidence based on several climate model projections)

Extra aI cy!
nges quency e Likely decrease in the total number of extra-tropical cyclones
and posrt e Likely slight poleward shift of storm track and associated
precipitation, particularly in winter
e Change in storm e Likely increased number of intense cyclones and associated
intensity and winds strong winds (particularly in winter over the South Island)

Global climate models are presently most suited for considering changes in large-scale
dynamics of the atmosphere—ocean system. Hence, there is a reasonable level of
confidence that atmospheric pressure gradients during winter will increase over the South
Island, implying an increase in the mean westerly wind component of flows across New
Zealand expected by 2090s. Climate model downscaling to New Zealand shows this shift
in bias to winds more often coming from a westerly direction but overall increased wind
speeds in all directions may not change significantly.*” However, in general the spatial
resolution of GCMs is less suited to assessing variability in more transient phenomena such
as intense storms, although progress is being made in addressing such issues.

% |PCC 2007c: Chapter 11.
¥ MfE 2008a.
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FS 11

The limited assessment of changes in tropical cyclone behaviour in the Southwest Pacific,
provides no clear picture of changes in frequency and tracking, but indicates increases in
intensity. Because El Nifio-Southern Oscillation (ENSO) fluctuations have a strong bearing
on tropical cyclone behaviour, uncertainties associated with climate change impacts on
ENSO compound the uncertainties associated with changes in tropical cyclones.

2.4.3 Storm surge and storm tides

From the viewpoint of coastal flood and erosion hazards, any change in the magnitude or
frequency of storm-tide levels is of greater concern than a rise in mean sea level. Storm-
tide levels depend on the magnitude and frequency of storm surges and the timing of the
storm surge with high tides.

At a global level, there have been few studies of long-term changes in extreme (high) sea
levels.®® Most have found considerable variation from year to year associated with periods
of increased storminess; there is little evidence (yet) for an increase in storm-tide levels
relative to the underlying upward trend in mean sea level.

Changes in storm surge (produced by low barometric pres ) and adverse winds) will
depend on changes in frequency, intensity and/or trackin tmospheric low-pressure
systems, and occurrence of stronger winds. Changes wﬁ pattern of tracking of low-
pressure systems, ex- and extra-tropical cyclone so ha@e.an effect on extreme water
levels due to the complex way that the“nteract the C nental shelf and coastline.

Changes, particularly in intensity @lndlv |t|ons are likely. Much less
certain is how these changes t the magnitude or frequency of storm

ang
surges, and hence how storngtide Ie\@ e. Until further research and monitoring
suggests otherwise, it is a{gomed t@t stor -tgie le e‘ﬁWlll rise at the same rate as mean

sea-level rise. Q
Recommendatlcﬁo Ass hat t@n tid , extreme) levels will rise at the same rate
rlse ean eI — until more certainty emerges on likely
nge @Nlnd entral pressures associated with storm systems.

Chang win atmospheric pressure patterns, in storms and in cyclones around New
Zealangrand ider Southwest Pacific and Southern Ocean regions also have the
potential to change the wave climate experienced around New Zealand. Changes in wave
climate (mean and extreme wave heights and prevailing directions) can influence the
occurrence of coastal inundation though wave run-up and overtopping of coastal barriers,
and can significantly influence the patterns and rates of coastal erosion.

2.4.4 ch%’&%ggs\ Q

In harbour and estuary locations protected from conditions associated with open-ocean
swell waves, changes in the occurrence and magnitude of wave conditions will be directly
related to changing wind climate over New Zealand and, in shallow-water locations,
increases in sea levels. Such changes will be highly localised and will require specific
studies to quantify the changes in wave climate. For example, modelling of the wave
climate of the city frontage of Wellington Harbour suggested that an increase in wave
height of up to 15% was possible by 2050 and up to approximately 30% by 2100.

On open-coast locations, changes in the swell wave climate (ie, wave conditions generated
within the wider South Pacific and Southern Oceans) will dominate.

% |PCC 2007c: Section 5.5.2.6.
3 Gorman et al 2006.
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Regional models of deep-water wave climate of the Southwest Pacific*’ have shown that
waters off New Zealand have a correlation with the Southern Oscillation Index. In general,
there is a slight increase in the average wave heights affecting the southern half of the
South Island during El Nifio phases; on the northeastern coast of the North Island, slightly
larger wave conditions occur during La Nifia phases. With an increasing westerly wind
component, wave climates experienced presently during EI Nifio phases may provide an
indication of general wave climates in the future. However, future wave climate will also
depend on changes in storm conditions in the Southwest Pacific and Southern Ocean that
generate swell on New Zealand coasts.

Given the lack of present knowledge of how such phenomena (especially swell) may
change, little guidance can be given on how wave climate may change and what this may
mean for coastal erosion and inundation — other than through specific investigations that
include ‘what if’ scenarios that are consistent with some of the general results from GCMs
(Box 2.4). Such an approach may provide an indication of the sensitivity of wave climate
to potential changes but will certainly not be definitive.

Type of environment: Recommendations for 2050-2100:
e Harbour and estuarine coastlines e For wave modellj Qﬁssume a 10% increase in the
sheltered from oceanic swell mean westerl component* over current values.

e Open coast: e Assume (] increﬂs'e in the extreme deep-water

All of the North Island. Tasman wave dimpe (ab @l% Annual Exceedence
) ' v&ant wave height)

Marlborough and eastern South IsIar@ Pro@' 1y sig '
coastline to Banks Peninsula. . ears ave modelling, assume also a 10%

6 \rease mean westerly wind component.
.

e Open coast: b \\ As a 10% increase in the westerly component of
Western and southern cg@of theb ep—vﬂ(er wave climate.
South Island, eastern

of t o or nﬁ re wave modelling, assume also a 10%
South Island south, Qanks (J |ncre1/ n the mean westerly wind component.

Peninsula. 0 %
e RO

AS
2.45 Sedime l’é}prly P&ge Cé?

The effects o ate i@éo influence both the episodic and mean annual supply
of sedime verexl str to the coast. Fluvial sources contribute much of the
present— edlméto many parts of the New Zealand coast.

In somfe sﬂuag%s climate change could lead to more sediment delivery. For example,
changes in rainfall, and increases in rainfall intensities, will increase the potential for soil
erosion from catchments — including the potential for landslips — and also alter the run-off
and river sediment transport capacity. Others changes could lead to less sediment delivery
— for example, the likelihood of more droughts in eastern areas (apart from rivers draining
the main divide in Canterbury). Hence, the potential for change will vary with location
around New Zealand, with changes in the west—east gradient in rainfall (wetter in the west
and drier in the east) likely to be a significant factor along with increased rainfall intensities
during severe rain storms.

40" Gorman et al 2003.

1 This means an increase in frequency of winds from the westerly sector but not necessarily
changes in wind speed.
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Assessing changes in sediment supply and what it may mean for specific coastal regions
will rely on detailed specific investigations. For example, studies* in the Bay of Plenty
region estimated that a projected future annual rainfall between a 15% decrease to a 2%
increase® would result in a 25% reduction to a 3% increase in average annual sediment
supply from rivers (Box 2.4). However, for the Bay of Plenty, this change was relatively
small compared to large interannual variability in sediment yield, which could vary by over
a factor of ten.

Box 2.4:  Effects of climate change on mean wave conditions in the Bay of Plenty
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E 0.05+ Sl v
o 0 ___u_'_ T — " -MVMJ‘M"‘\._ ‘MO’_\PM'..

1 1 1 i

] -
e, 9 i
. T T

0 0.2 0.4 06 08 1 1.2 1.4 16 18 2
RMS breaker height (m)

Example using a scenario-based approach to assess the potential effects of climate change on wave
conditions in the Bay of Plenty based on adjusting wave hindcast data (in a number of different ways)
to account for plausible climate change effects.

The figure shows root-mean-square (RMS) breaking wave height along the coast of the Bay of
Plenty. Values for the existing climate are plotted in the lower panel in colour-scaled form. The top
panel shows changes in values of breaking wave height relative to the present climate for the

different assumptions used, which included changes in local winds over New Zealand (red line) and
two possible scenarios of changes in swell and local winds (blue and green lines). While the
changes in the average (RMS) breaking wave height look relatively small, the compounding effect on
other processes such as wave set-up and run-up was significant, especially for adverse storms (see
Box 3.1). Crosses in the colour-scaled plot are longshore distance tick marks for every 50 km.

Source: Bell et al 2006; Acknowledgement: Environment Bay of Plenty

42 Bell et al 20086.
4 Based on MfE 2004.
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3 Implications for New Zealand’s Coastal Margins

3.1 Introduction

Climate change will not create any new coastal hazards, but at many locations it will
exacerbate existing coastal erosion or inundation problems. Impacts on New Zealand’s
coastal margins due to sea-level rise and possible climate change impacts on other physical
drivers that shape the coast will include: increased coastal erosion; more extensive coastal
inundation; higher storm surge flooding; increased drainage problems in adjacent low-lying
areas; landward intrusion of seawater in estuaries and coastal aquifers; changes in surface
water quality, groundwater characteristics and sedimentation; and increases in seawater
temperatures (which may affect ecosystems).

The magnitude of the impacts on coastal margins will differ between regions and even
between localities within regions. Such impacts will depend on the complex interaction
between the localised impacts of climate change on the physical drivers that shape the
coast, the natural characteristics of the coast, and the influence that humans have had or are

having on the coast. ("IN
QQo

3.2 Coastal inundation \(\ \'

The frequency, extent and magnituds?\oas Q?altw%)mundatlon will be substantially
altered by climate change effects een the following drivers:

X @ (rg@clon
e mean sea-level rise 6

e long-term sea- IeveléﬁetuaBgv

o tide range

e changes to Qequ c@and |tud Qorm surges
Greas,

e changes n?'ﬁorml{ and con

An increase inm % levi QII aII gradual encroachment of seawater at high tides
on low-lying ¢co and arlne If not constrained by coastal protection works, the
inundations Io II transform them into coastal marsh and they will
eventually ane art of the coastal or estuarine system.

Epl mu@@n will still occur, being caused primarily by storm events coinciding with
reasomnab des. Irrespective of any changes in the frequency or magnitude of storm
surges, in storminess or wave conditions, increasing mean sea levels will increase the
chance of inundation during such storm events. Specifically:

o for existing areas prone to coastal inundation, climate change means that coastal
inundation during storms could become more likely relative to the present day,
given the same specific ground level or barrier height. Coasts with smaller tide
ranges will be more vulnerable (eg, east coast on both the North and South Islands
and Cook Strait / Wellington) than coasts with higher tide ranges

o the extent of the area at risk of inundation may well increase relative to the present
day (although this will depend on the specific site).

Increased sea levels will also affect rivers and streams, surface and storm water drainage,
and sewer systems in low-lying coastal areas. The performance of these systems may be
compromised by a back-up of flow due to increased downstream sea levels. Increased
rainfall intensities may further exacerbate the problem. Low-lying urban areas will be
particularly susceptible. Figure 3.1 indicates potential areas around New Zealand’s coastal
margins where inundation may be influenced by changes in the coastal hazard drivers.
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Figure 3.1:
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Indicative areas that will require risk analysis to establish their likely vulnerability to coastal inundation
as a result of sea-level rise — either directly (eg, inundation during storm events) or by the impact of sea-
level rise on the drainage of low-lying coastal lands. The shaded red and orange areas show
approximate land levels less than 5 m and 10 m above sea level, respectively: they have been extracted
from reprocessed topography data collected by the Space Shuttle Radar Topography Mission (NASA).
Accuracy of the topography is around 5-8 m.

Where overtopping of a coastal barrier is a primary pathway for inundation, in addition to
changing sea levels, small changes in swell wave conditions may have a significant impact
on wave set-up and run-up during storms (Box 3.1). The water tables along coastal
margins may also be higher in response to sea-level rise, which may increase inundation
directly or potentially increase wave run-up and overtopping.
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Box 3.1:  Effects of climate change on the annual maximum of combined wave-induced set-up and

swash run-up in the Bay of Plenty
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This example is wased on a scenario approach to assess the potential effects of climate change on the
annual maximum of combined wave set-up and swash run-up along the sections of the Bay of Plenty coast
where beach profiling is conducted. The approach involves adjusting wave hindcast data (in a number of
different ways) to account for plausible climate change effects.

Average values for annual maximum wave set-up and run-up for the existing climate are plotted in the lower
panel, with colour indicating metres of run-up and set-up. The top panel shows indicative differences in the
annual maximum wave set-up and run-up relative to the present climate for the different assumptions used,
which included changes in local winds over New Zealand (red line) and two possible scenarios of changes
in swell and local winds (blue and green lines). Crosses in the colour-scaled plot are longshore distance
tick marks for every 50 km.

Source: Bell et al 2006; Acknowledgement: Environment Bay of Plenty

The potential for inundation may also be exacerbated by coastal erosion (see next section)
where erosion leads to a loss of either human-made or natural coastal defences (such as
dune systems or gravel barriers: Figure 3.2), or where loss of beach increases the exposure
during storm conditions (a particular issue in front of hard coastal defences).
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Figure 3.2:
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Wash-out of the gravel barrier on the west coast of the South Island during a storm in 2006 has
significantly increased the risk of inundation due to wave run-up and overtopping to the properties that
back the beach.

3.2.1 Assessing the effects of climate change on inundation risk

There have been no peer-reviewed studies on how cllmate c e will affect coastal

inundation risk in New Zealand. In part, this is owing to k of high-resolution
topography for coastal margins. This is now changing an increasing area of coastal
regions being mapped with LiDAR* providing hk@&llty t&pography datasets on which
to base such assessments (see Box 3. 2)A Q

Where some level of quantlflcat o‘&mal effedts of climate change on inundation
is required, the approach ado any WI|| much depend on the characteristics

of the area, the level of detaj UII‘
and suitability of datasets, a
assessment will need to@; edu sades{c

o mteractlo ? arl %zard drivers, the effects of climate change

nder consideration, and the availability
be@ profiles. Any quantifiable

on these ers ow tke mter tons and effects influence inundation.
Coastal mund |s rarely caus ?Qy one factor alone (eg, storm surge); it is
normally du som binat{on of tide level, storm surge and wave conditions
(and, i |n ca @,exac d by river or land drainage contributions). These
factor: typi [@£d in some way but very rarely does an extreme high
tid | colrfgyde Wlth th high storm surge and high wave conditions.

rstal how these different drivers are correlated (known as ‘joint
obe’\_@) is important in assessing coastal inundation.** Simply assuming that
extre ater levels will always occur at the same time as extreme wave conditions
will tend to overestimate inundation risk.

e dynamic nature of inundation over land, particularly the mechanism of how seawater
inundates a certain area (flood pathways) and the storage potential of a flood area
relative to the volume of inundating water flowing into the area. For example, in an
overtopping situation, swell will generally contribute a greater volume of seawater
to inundation than will shorter-period wind waves. Assuming a ‘bathtub’ approach
— in which a water level is extrapolated landward until it reaches the equivalent
contour height on land (based on a combination of extreme wave and water levels) —
will tend to overestimate inundation. However, where inundation is primarily a
result of waves overtopping a barrier, this approach may underestimate inundation
levels.

» availability, and length of record, of sea-level, weather and wave datasets for the
locality or region.

4 Light Detection and Ranging — an airborne laser scanning system that determines ground levels at

a very high density (often as little as 1-m spacing between measurements) along a swathe of land
underneath the track of the airplane. Most systems used in New Zealand collect data only on land
above water levels, but systems are available that can also determine shallow water bathymetry
levels.

* Ramsay and Stephens 2006.
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e uncertainties associated with the assessment methods used, future greenhouse gas
emission scenarios and the associated magnitude of their impact on coastal hazard
drivers, the lack of knowledge of how some of these coastal drivers will change with
climate change, and hence how sensitive inundation risk is to these uncertainties.

Box 3.2: Assessing coastal inundation risk in the Otago Region

Otago Regional Council was one of the first regional councils in New Zealand to collect LiDAR
topography data for its entire coastal margin. Collected in 2004, the dataset specifies the level of the

land approximately every 1 m in the horizontal direction, with a vertical accuracy of around + 0.15 m.

The availability of the dataset has enabled a detailed hydrodynamic model study to be undertaken of
the risk of tsunamis and storm-related inundation for the entire region, including an assessment of
the potential effects of future sea-level rise. The detailed topography permits inundation flow paths
over land to be modelled dynamically, providing a much more realistic representation of the extent
and magnitude (depth and volume) of inundation.

3.3 Coastal erosion

In many locations, climate change will influence changes m@e position of the coast (and
the Mean High Water Spring (MHWS) boundary) throu%anges to, and interactions
between, the following drivers: >

o relative sea-level rise (\JQ (’\&'

o long-term sea-level fluctuati

o the frequency and magnitu@@om&rge @

o tide range (coasts with @llve I ti ges could be more vulnerable)
l§Sco @o@

« storminess and wave @d/ogs
e rainfall patterns@sl mte@ t %&;c\a on fluvial and cliff sediment
supply.
OQ c)fb f\/

Coastal erosion is ot o epe ove hazard drivers, and changes to them, but
also on the geomorp ologl akeup of the coast, including the modifications
that humans have (per indjgectly) to the coast. Although these factors all
influence the coa%@érom general terms, the rate is predominantly determined
by the nat vers avesQ&Water levels. (Other drivers, such as rainfall and
drainage %sems {@e signifi¢ant for certain types of coast, such as soft cliffs.)

Desﬁ;the @iversity of geomorphology found around the New Zealand coast, the
generic sensitivity of different physical coastal environments to the likely effects of climate
change is relatively straightforward. This is summarised for a range of landforms in

Table 3.1, discussed for the main coastal geomorphological types in the following sections,
and summarised in Figure 3.3. It is important to realise that both regional and local
influences, such as variability in and interrelationships between geomorphology, coastal
sediments and human influences, will result in significant local deviations from the generic
response, producing variations in the rate of coastal change.
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Table 3.1: Relative sensitivity of coastal landforms to changes in different climate change drivers. Sea-level rise =
sensitivity to accelerations in sea-level rise; storm surge = sensitivity to changes in the frequency and/or
intensity of storm surge; precipitation = sensitivity to changes in the pattern and/or intensity of
precipitation; wave height = sensitivity to changes in wave height (storms); wave direction = sensitivity
to changes in wave direction (eg, changed longshore sediment transport patterns). Source: adapted
from Jay et al 2003.

Landform type Climate change sensitivity
Sea-level Storm Precipitation Wave Wave
rise surge height direction
Simple cliff High Moderate Moderate High Low
Simple landslide High Low High High Low
Composite cliff Moderate Low Moderate High Low
Complex cliff Moderate Low High High Low
Relict cliff High Low High High Low
Embryonic dunes High High Low High Low
Foredunes High High Moderate High Low
Climbing dunes Moderate Moderate Moderate. Moderate Low
Relict dunes Low Low Moder, @' Low Low
Parabolic dunes Moderate High & High Low
Transgressive dunes Moderate Moderate f&‘ow \‘ Moderate Low
River delta High High (ﬁode High Moderate
Tide dominate delta High \o*hgh \'Q/ @v High Moderate
Wave dominated delta High b High Low
Shore platform H|% ate A@ Low High Low

Sandflats (J |i90 /\Low High Low

Mudflats K(%gh b i N Vow High Moderate

Pioneer saltmarsh Q ng® ’b& Q Moderate High Low
D e ¥

Saltmarsh C—) 0 H|gh& Moderate High Low
Sand beach ’b odera,( Low Moderate High
Gravel beach ,b’\/ erate Low High Moderate
Mixed beach \2\ I\@ierate @x/loderate Low High Moderate
Composite beﬁ Q % Moderate Low High Moderate
Boulder b rb Low Low Moderate Low
Barriepig¥ind \ High High Low High High
O
Ba beacl(ﬁ High High Low High High
Spit High High Low High High
Cuspate foreland Low Low Low High Low
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Figure 3.3: Generalised impacts of sea-level rise on different types of coastal morphology. These illustrations are

only indicative, as local geomorphology, human impacts and changes to the sediment supply may
produce different responses.
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Figure 3.4:

FS 12

3.3.1 Sandy coasts

Sandy open coasts that have been relatively stable over time are likely to show a bias
towards erosion with rising sea levels, unless the supply of sand to the beaches can keep
pace with erosion. In some parts of New Zealand, it is quite possible that erosion will be
balanced by the rate at which sediment is supplied. With sea-level rise, accreting open
coast beaches, eg, the Manawatu coast, may continue to accrete, but more slowly — the rate
being highly dependent on sediment supply.

Sea-level rise will permit waves to attack the backshore and foredunes more readily in
many localities (Figure 3.4) than at present, particularly on coasts with relatively small tide
ranges (irrespective of whether there are changes in wave climate or storminess). If an
increase in the frequency or heights of storm waves also occurs, then this combination (sea-
level rise and more frequent or higher storm waves) would tend to have greater adverse
effects on sand beach systems than at present. Where the present width of the back or
foreshore of the beach is not sufficient to accommaodate this erosion, dunes backing the
beach will be eroded. Locations with higher dunes may suffer less retreat than locations
with low dunes, although more frequent mass slumping could occur if high dunes are
oversteepened.

AT

e~ "“.._‘_‘:_E:...._ e i e

Sea-level rise will provi

many localities. &
The eIevationg\{\ &%ble \@jﬁﬂn a beach profile has an influence on erosion. Higher

water table e ve ru@a and the velocity of backwash, therefore increasing both
run-up e ions Sediment losses to the nearshore. Coastal water tables may rise as a
con nce @a level rise, increasing the potential for beach erosion. However, these
effe are de{&\dent on how the beach profile adjusts to the higher water table regime, and
cannot be easily quantified.

ease&ﬁpportwr waves to attack the backshore and foredunes in

On long open sections of sandy coast, longshore sediment transport potential could increase
due to changes in wave climate, particularly wave direction. This may change the patterns
and rates of both retreat and advance of the shoreline. Subtle changes in wave direction
may also have a significant effect on pocket sand beaches by moving sand from one end of
the beach to the other. Spit features that are built and maintained by longshore transport are
also likely to be sensitive to changes in the wave climate; they will also be subject to
increases in tidal flow volume passing through tidal inlets due to higher sea levels.

Any changes in storminess will also alter the natural recovery of beach systems, with more
short-term erosion of sand (and gravel) beaches likely at many locations. The potential
recovery of foredunes (or gravel ridges) between storms could be more limited than at
present, particularly during certain El Nifio-Southern Oscillation (ENSO) and Interdecadal
Pacific Oscillation (IPO) phases.
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Figure 3.5:
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On both sand and gravel beach systems, where catchment-derived sources of sediment
provide an important supply to the coast, increases in rainfall intensity will increase upper
catchment erosion and sediment transport. In some locations, the additional supply
(excluding silts, muds, clays) may be sufficient to offset other climate change effects.
However, in areas where there is decreased rainfall (eg, some east coast areas), ongoing
sediment supply may be reduced (even with episodic storms), with shoreline erosion likely
to be exacerbated even further.

It is important to remember that sea-level rise will continue for several centuries beyond
2100, even if greenhouse gas emissions are eventually stabilised. Erosion of sandy beaches
is, therefore, likely to continue well beyond this century.

3.3.2 Gravel beaches

Gravel beaches (Figure 3.5) tend to respond in two ways to ongoing sea-level rise and
changes in storminess and wave height:*®

o where there is a wide and well-nourished gravel barrier (ie, sufficient sediment
supply), the barrier will retreat slightly and increase in height (Figure 3.3) in
response to the rising sea level, increase in wave heid or increase in the frequency
or magnitude of extreme storms. QO

o where the gravel barrier system has a net d in se nt supply, as is the case of
many New Zealand gravel beac%;: (part' ly on@h® west coast of the South
Island), the barrier will expe ased of retreat, or there may even be

a breakdown of the gravel @ge (Fi 3 2) % most of these systems are
recessional, future sea- ris crea wave conditions will accelerate this
present-day trend. 6 Q\ &

c) ®)
N O

Gravel barriers will tend to retreat, but where there is sufficient gravel, the barrier will increase in height.

Gravel beaches are most sensitive to changes in storm and wave conditions and less
sensitive than sand beaches to changes in sea level. As with sand beaches on long open
sections of coast (eg, the Canterbury and southern Hawke Bay gravel coastlines), retreat or
advance of the gravel beaches will be sensitive to changes in the rates of longshore
transport of gravel caused by any long-term changes in wave direction.

3.3.3 Cliffs

The effects of climate change on cliffs will be highly dependent on how resistant their
geology is to erosion (Figure 3.6). Erosion of cliffs that comprise sedimentary rocks and
clays/silts is a complex one-way erosional process: moderate to high cliffs will mostly
continue at similar or slightly higher rates with higher sea levels or minor changes in wave
conditions. Rates of undermining are, in general, unlikely to increase markedly, except for
low cliffs of several metres’ height. The rate of erosion of sedimentary cliffs will be much
more sensitive to changes in drainage and moisture processes, such as extremes of drought
and heavy rainfall.

4 Carter and Orford 1993.
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Figure 3.6:
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Figure 3.7:

For alluvial (unconsolidated) cliffs fronted by a gravel barrier beach at their base, such as
found along the South Canterbury and North Otago coastline, changes in the rate of retreat
of the cliff will be linked to changes of the gravel barrier. For such cliffs, it is unlikely that
there will be significant changes in the rate of retreat.

) =y
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Cliffs will tend to retreat, but the rate of retreat will be highly dependent on their geological

characteristics.
&
o

The effects of sea-level rise on estuarine erosion @mepen@ra complex interrelationship
between the topography of the estuar i einti Qprism volume (ie, the amount of
water that flows in and out of an esfu ach @ the estuary’s sediment storage,
river and open coast inputs of se&nt‘ eer of adjacent beaches (Figure 3.7).

N
Sedimentation rates in moe{é}@orth SQ e @ ha4e been 2-4 mm per year thus far,
e

3.3.4 Estuarine coasts

keeping up with the pr ise j le ventdally, however, the acceleration in sea-
level rise is likely to eds entati@. Thjsa%y occur more quickly in urban areas
rict sedibnent supply.

where catchmen@_gé v%cge an(bgm
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Retreat of estuarine shorelines will be highly variable.

Estuary and harbour shorelines will retreat as a result of both inundation and erosion, but
the rate and extent of retreat will be highly variable within any estuary. In general, estuary
systems have a low-energy wave climate and limited exposure time (around high tide) for
waves to develop and to erode the shoreline. However, raised water levels will permit
larger waves on high tides to reach the estuary shoreline, potentially increasing the rate of
erosion. Once erosion or loss of land occurs, recovery — if it occurs — will be a much
slower process than on open coasts. Again, estuaries with a comparably smaller tide range
will be more vulnerable for a given sea-level rise (eg, most of the east coast and
Wellington/Porirua area). Along low-lying areas bordering estuaries, erosion may be
relatively rapid owing to regular, and leading to permanent, high-tide inundation of areas
that presently may experience only episodic inundation.

Where the landward retreat of the high-water mark is constrained due to morphology,
geology (eg, rock outcrop) or coastal defences, intertidal areas and their associated
ecosystems may be reduced and potentially ‘squeezed out’.
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In spite of the compensating effect of sedimentation, sea-level rise is likely to cause an
increase in the amount of water that flows in and out of estuaries during each tide (the “tidal
prism’), along with larger increases in freshwater run-off during heavier rainfall events.
Changes in increased flow volumes may be quite significant given the shallowness of many
of New Zealand’s estuaries; they will correspond to increases in tidal velocities and scour
in the main channels and, particularly, at tidal entrances. It is at river, harbour and estuary
mouths and inlets that coastal changes tend to be the most dynamic, particularly those
associated with a spit morphology. The influences of such inlets can extend for up to
approximately 4 km along the open coast adjacent to the mouth. The dynamics of coastal
and estuarine / river processes and multi-year cycles of sand exchange between the estuary,
ebb and/or flood deltas and the adjacent coastline are very complex. Thus any reliable
statement about how individual inlet systems may respond to climate change effects is
extremely difficult to make.

3.3.5 Assessing the effects of climate change on coastal erosion risk

Quantifying how the retreat and advance of coastlines will be influenced by climate change
is extremely difficult. Coastal change is a complex process in which coastal
hydrodynamics, morphology, geology, sediment supply and@eposition and, in some cases,
human modifications all interact over multiple timesca rther complicating matters are
both positive and negative feedbacks within the coast tem, agaln all of which operate
on a number of different spatial and temporal scal@ (\

Owing to this complexity, assessme *fut S|on and the effects that climate
change may have on erosion rates nd to ely simplistic empirical
approaches. Most commonly, priera reI hlp between past erosion rates, the
characteristics of the beach e, aQd e rel rence between past and future sea
levels (typically based oném ‘B@ ruIe a@t of it).

Strictly speaking p r a&s areq@re suftddo providing broad estimates of relative
erosion potential I|n &Der th cation-specific assessments of potential

osition at some time in the future should be

change. Their use m@mtmgQ o0as
; ' A

treated with cautio en |mp vel of certainty that is rarely justifiable. As
with assessment und roaches require a much more robust incorporation
of uncertal the itivity of future coastal changes to these uncertainties.

For examp nsi on n 0 be given to:
rtal lated to past erosion rates owing to insufficient monitoring data
the asdesgSment methods

o future emission scenarios and the associated magnitude of their impacts on the
various coastal hazard drivers

o the lack of knowledge of how some of these coastal drivers will change with climate
change.

Such uncertainty also needs to be communicated more effectively.

However, such approaches, and application of expert judgment, will continue to form the
basis of coastal erosion assessments in the foreseeable future. More rigorous approaches of
simulating coastal change at the timescales relevant to the planning of development are still
relatively limited due to two main factors.*® Firstly, the potential for process-based models
to simulate sediment dynamics and the effects climate variability has on these processes
over large spatial and temporal scales is limited: this requires that new types of modelling
approaches be developed and adopted. Secondly, there are few high-quality, long-term
coastal datasets over the multi-decadal timescale of interest to enable refinement,
calibration and validation of such models.

47 Bruun 1962, 1988.
4 Hinton et al 2007.
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3.4 Salinisation of surface freshwaters and groundwater

Climate change effects on coastal hazard drivers will also influence the present-day balance
between fresh and saline water in coastal margins. Effects will include:

o sea-level rise causing saline water to encroach further up the river and creek
watercourses

e longer parched or drought periods in eastern areas leading to reduced river flows,
which in turn will enable saline water to encroach further up river

o sea-level rise causing higher water levels at the coast, within estuaries and lower
reaches of rivers, which will exert a higher hydraulic head of saline water on
unconfined groundwater aquifers.

3.5 Tsunami inundation

The geological causes of tsunamis (such as earthquakes, underwater landslides and volcanic
activity) will not be directly affected by climate change. However, the coastal effects of
tsunamis will be altered somewhat by sea-level rise, through increasing the risk of coastal
inundation. Estuaries and harbours may also become mor Winerable to tsunamis as
entrance channels deepen in response to greater tidal WageK lumes (tidal prism). The
most important determiner of the magnitude of tsu pagt will continue to be the
height of the tide at the time the peak tsunami way{e aches@e coast.

‘0A xQ @

3.6  Coastal defence§ rb K(\

Climate change impacts o alh drl I also have a significant effect on the
integrity and performanc eX|st hum@]ade tal defences (Figure 3.8). Inthe
United Kingdom, i ene ted by 2 e structural improvements required
to maintain existj @g t Ié) OVId tectlon equivalent of their present
standards WI|| co etw |mes t of today, depending on the emission

scenario.* ’b OQ \Q
Climate Changﬁdi%@ély &cjvsduce ﬁctiveness of coastal defences for a variety of
i ing:

reasons, in

e hi ﬁ;"sea I%& will i@ease the frequency with which defences are overtopped by
es o@«y high tides (more so for coasts with smaller tide ranges). This
()mcre overtopping will affect the inundation risk, but is also important to all
coastal structures as it can increase erosion of the protected area behind the defence
and can lead to failure of the defence itself

e anincrease in storm-tide levels (due to sea-level rise and/or changes in storm surge)
will produce greater water depths at the defence, increasing the magnitude of
overtopping during storms and exacerbating the problems detailed in point 1 above

o greater water depths at the structure will increase the exposure of the defence to
larger waves. This increased exposure will increase the risk of damage and failure.
For example, with rock structures, the size of rock required for stability is directly
proportional to the cube of the significant wave height. Therefore, even a small
increase in wave conditions at the defence can result in a large increase in the size of
rock armour required to achieve the same stability

o with larger waves at the defence, there is likely to be greater reflection from defence
structures and increased scour of the beach at the structure’s toe. This increases the
potential for undermining and/or failure of the defence

49 Burgess and Townend 2004.

% Burgess et al 2007.
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Figure 3.8:

o steepening of the foreshore in response to sea-level rise where a defence constrains
the position of the high water mark but the landward retreat of the low-water
position continues (coastal squeeze). This can further increase the vulnerability of
defences to overtopping and structural failure through the processes described
above.

e s P i e
The standard of protection provided by coastal defences will decrease due to the effects of sea-level
rise and other climate change impacts on coastal hazard drivers. Q/o

Given that many existing coastal defences in New Ze Q%ve not been engineered to
provide a high standard of protection, the impacts ate ghange could result in
substantially increased damage to these{tjfence Iowe@ ndard of protection to the
land backing it. Similarly, if defencagiave b esig ith a particular lifetime,
defences are unlikely to endure if @mate e CQ rations have not been factored into
the design. 6@ N A@
2 S \(" %
> A
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4 Responding to Climate Change: Future-proofing
Decision-making

4.1 Introduction

Effectively managing the effects of coastal hazards and the progressive changes to the
occurrence and magnitude of such hazards associated with climate change is fundamental
to maintaining or developing sustainable and resilient coastal communities.

Climate change impacts are occurring now. Future changes are inevitable, irrespective of
mitigation efforts to reduce greenhouse gas emissions. However, climate change
considerations alone are unlikely to stimulate or engender local government action. Rather,
through a risk management approach (chapter 5), an assessment and prioritisation of
possible responses to coastal hazard and climate change effects can provide the impetus to
change policy, planning and resource consenting outcomes and to develop a proactive
approach to adapting to climate change (Figure 4.1).

The emphasis in this Guidance Manual is on understan gé scope and variation of
climate change, and using risk assessment as a metho rmine adaptation responses
appropriate to the risks. Climate change will i |mp| a wislg range of local government
functions. The most effective approach to mcorp cli hange impacts into
decision-making is to include it alorﬁ)@ the ta@ge of | hazard and other factors that
local government already takes actou art lanning and consenting
functions. That way, climate & across the wide range of local

government functions rathe ‘eb S a se%e exercise.

This chapter outlines aI ad |on p{gapl /\Ni" help ensure that climate change
t%
cal

considerations are into pr| Box 4.1). Italso sets out some key
concepts relatin rnme oIesQ responsibilities that are aligned to
incorporating adap atlo%{g pE to @{?govemment functions.

Box 4.1: Key terminology

climate changz . frem climate Zhange and its effects. Various types of adaptation can be

} distinguished: anticipatory — adaptation that takes place before impacts of
climate change are observed; autonomous — adaptation that does not
constitute a conscious response to climate stimuli but is triggered by other
factors such as ecological change in natural systems or market changes in
human systems; planned — adaptation that is the result of a deliberate polic
decision, based on an awareness that conditions have changed or are about to
change and that action is required to return to or maintain a required state.

Adaptive capacity The ability of a human system or an ecosystem to: adjust or respond to climate
change (to both variability and extremes); moderate potential damages; take
advantage of new opportunities arising from climate change; or cope with and
absorb the consequences.

Adaptation to Uraartaking actions to minimise threats or to maximise opportunities resultlng

Low-regrets Low-cost policies, decisions and measures that have potentially large benefits
adaptations

No-regrets Adaptations that generate net social, economic and environmental benefits
adaptation irrespective of anthropogenic climate change, or adaptations that at least have
no net adverse effects.
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Figure 4.1:

Drivers of change in coastal margins

Global change drivers | -+ | Local change drivers
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Conceptual representation o ﬁ3 rlvelé gcﬁ té oastﬁargins and the implications for coastal
hazard risk and vulnerablll coast O, ddaptation occurs, and when adaptation

/ WherﬁqIC
is implemented in the n@ rm al terﬂ%ourc;;@ ted from Box 16.4 in IPCC 2007d and from

Harvey et al 2004.
& O

4.2 Adapté\ysﬁrpnﬁ@les (60
Planned adaptak IS pa a@aed and prudent response to climate change.
Adaptatlon&ébbeen con to be, an integral part of how natural and human
systems develdyed and e ved in response to climate and its variability.

Fun&a all about proactlvely enhancing our capacity to adapt to the future effects
of cNwate créme (ie, building adaptive capacity) through minimising, adjusting to or
taking advantage of the consequences of climate change.*

A number of common themes and characteristics have led to good adaptation. Many of
these principles are consistent with good participatory decision-making and hence apply
more widely than to just climate change considerations (see next section). Principles
include:>

e work in partnership with coastal communities

e understand existing risks and vulnerabilities to coastal hazards and climate change
and their critical thresholds

o identify the most adverse coastal hazards and compounding climate change risks and
focus on actions to manage the most vulnerable areas

o seek opportunities to incorporate adaptation into all new and existing developments
within the coastal margin

o incorporate flexibility (ie, adaptive management) to deal with changing risks and
uncertainties. Recognise the value of a phased approach to adaptation (Figure 4.2)

1 UKCIP 2005.
52 Adapted from UKCIP 2005; Shaw et al 2007.
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Figure 4.2:

e recognise the value of no-regrets, low-regrets and win—-win adaptation options to
managing climate change risks:

o no-regrets: policies and decisions that will pay off immediately under current
climate conditions

o low-regrets: low-cost policies, decisions and measures that have potentially large
benefits
o win-wins; policies, decisions and measures that help manage several coastal

hazard or climate related risks at once, or bring other environmental and social
benefits, eg, preservation of natural character.

o adopt a sequential and risk-based approach to decision-making regarding coastal
development

o avoid actions that will make it more difficult to cope with coastal hazard and climate
risks in the future

e review the effectiveness of adaptation measures and planning processes through
continual monitoring and evaluation.

Acceptable
level of risk

Level of risk

| Managed/adaptive
Risk/int ti
noi senn:irt‘::: .3 v (9 /\ approach: ‘Risk tracking',
climate change k Qb Q/ ‘Multiple interventions’
\ C)Q &Plr‘( atl lary ||:I|.

- 3{5
\2\ @\Tlmtz Future

Different app@s to a@p atio heir effect on the level of risk over time. Source: adapted from

Donovan eté) 6
\

4.3 Key r|nC|pIes for local government

Local government actions are undertaken in the context of a range of principles that are set
out in law, or have evolved through good practice and case law.>® All of these are integral
to successful adaptation, and must be kept in mind when dealing with climate change
effects.

4.3.1 Sustainability

The concepts of sustainable development under the Local Government Act 2002, and
sustainable management of an area’s natural and physical resources under the Resource
Management Act (RMA) 1991, imply the ongoing ability of communities and people to
respond and adapt to change in a way that avoids or limits adverse consequences. Since
2004, the purposes and principles set out in Part 2 of the RMA include a requirement that
people making decisions in terms of the Act must give particular regard to the effects of
climate change.

% Adapted from MfE 2008a.
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Over the past decade or more, during which time people have become more aware of
climate change and its causes and effects, the causes of climate change have begun to be
tackled at an international level. At the same time, local communities have been
encouraged to adopt no- or low-regrets responses to adapt to climate change. Such
responses fit within the concept of sustainability. They involve applying adaptive
responses (and sometimes limitation responses) that will not be regretted irrespective of the
eventual nature and magnitude of climate change effects. Examples are: a range of energy
efficiency and conservation practices; forest planting; and avoidance of new development
in areas already or potentially hazard-prone.

More recent is an understanding of the variability of climate change effects, and of the
possible implications of decisions made in a framework of uncertainty. This has required a
shift such that local authorities undertake risk-based assessments of climate change effects
and their responses before they make decisions in the interests of long-term sustainability.

4.3.2 The reasonably foreseeable needs of future generations

The phrase ‘reasonably foreseeable needs of future generations means taking into account
the interests of future communities, and the direct and mdw%@osts that future generations
may bear as a result of decisions made in the present. T ncept is found in key sections
of the Local Government Act and the RMA, and is th amental basis for international,
national, regional and local responses to climate ¢ . (’\&

<
Even where the need for a responset@hmat c@ange t yet apparent, this principle
applies. It integrates the concepts rese &@ Qr casting of trends and potential
ti

biophysical impacts with the on uture community needs. This
principle requires responsiblggction &e cor@iﬂ of palancing the needs of the present

with those of the future. Q‘D 6 (9
RPN\

4.3.3 Avoid, @%dy m| D adv 1(§e effects
This duty from the R re and mitigate adverse effects’ applies to the
preparation of pI oca on@der that Act, to every decision made under that

Act, and to ev hp @rries ogtieh activity or development under that Act. ‘Effect’ is
defined to i o@e tem@%{ Wanent effects, present and future effects, cumulative
e, @otentla pacts of high probability, or of low probability with high
potenti ects efore, through reasonable understanding and analysis of future
envigo @nge, climate change impacts can and should be taken into account when
contemplatingew activities and developments.

Questions of scale and type of change, and implications of specific decisions, can best be
worked out through a risk assessment process that takes into consideration the realistic
permanency of the decision and the anticipated future impacts. The process may result in
decisions to avoid future effects (such as ‘no go’ areas for development), or at least to
mitigate them by specific design responses (such as minimum floor levels). If a future
remedy is to be an option (such as relocatable buildings in coastal locations), the
implications for present and future owners and the community need to be clearly identified
at the time of consent; and conveyed into the future by long-standing mechanisms (such as
consent notices on titles).

4.3.4 Precautionary principle and the cautious approach

This concept of “‘precautionary principle’ is implied in the RMA (and stated in the New
Zealand Coastal Policy Statement prepared under that Act) and is directly stated in the Civil
Defence Emergency Management Act 2002. It requires an informed but cautious approach
to decisions where full information on effects is not available, particularly when there is
high level of uncertainty and where decisions are effectively irreversible.
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A precautionary approach is also particularly relevant where effects are of low probability
but high potential impact, such as the effects of infrequent but high flood levels in
developed flood plain areas. Section 32 of the Resource Management Act requires an
analysis of a plan provision to consider the risks of ‘acting or not acting’ if there is
uncertain or inadequate of information.

This principle is directly relevant to addressing climate change effects in plans.

4.3.5 The ethic of stewardship / prudent stewardship / kaitiakitanga

The Local Government Act and the RMA both contain the concepts of stewardship /
kaitiakitanga. In the Local Government Act, prudent stewardship is to be applied to the
efficient and effective use of a community’s resources in the interests of the district and
region. Inthe RMA, the ethic is applied to the wider environment.

The concepts underpin sound planning decision-making in the interests of the community,
to avoid or minimise loss of value or quality over time. Its relevance to climate change is
to asset management, landcare and watercare, biosecurity and blodlver5|ty, but also to
natural character, amenity and public access values. QO

N\

4.3.6 Consultation and participation %\/(\fb X

Principles of consultation with comr%){ies an@ ecte (p;e lie at the heart of local
government decision-making. Co tion ppries i ed input into decision-making
processes. For decisions with o@xes lj to be(iMluenced by climate change, those
being consulted must have su tj atlo glunderstand the likely scenarios and

dequate information is available
within a community for, ultagioro ctlv responsibility for regional and local

government. It invol he tr atlon ter, I and national knowledge and
projections to lo ggw |nd| ns of egfee of certainty and uncertainty.
Consultation and par ébatl so awareness of risk and appropriate responses —
for example, tsu sk an should respond when it happens in their locality.
4.3.7 @%;chal @Sonsub@/

Loc QQ}\S expected to act within normal codes of financial responsibility on

beh fthe munity. In terms of local government activities, particularly asset
provision and management, the Local Government Act sets out requirements that the
reasons for any changes to current provisions, and their cost, be identified in detail. For
infrastructure enhancements due to future effects of climate change, both an evaluation of
risks and the costs of different levels of service need to be expressed in a transparent way.

4.3.8 Liability

Local government can be financially liable for the consequences of decisions that are
shown to have been in breach of statutory or common law duties. This is a difficult area of
law, and councils use a range of techniques to reduce their risk of liability. For example,
where decisions regarding single properties are involved, instruments such as covenants or
consent notices attached to titles may be used to identify risks. Care should be taken when
using such devices as they may not limit the owner’s (or future owner’s) expectations of
further capitalisation, and do not appear to have any effect on land values.

Broader climate-related issues, such as frequency of inundation of a developed area, may be
less likely to result in direct liability unless the area becomes uninhabitable as a result.
However, community costs in enhancing or retrofitting infrastructure can become
considerable, and questions of equity in relation to wider community interests also arise.

Coastal Hazards and Climate Change: Guidance Manual 2008 45



5 Understanding Changing Coastal Hazard Risk

51 Introduction

A sound risk assessment process is fundamental to ensure that coastal hazards, and the
effect that climate change has on coastal hazards, are appropriately taken into account in
local government policy, planning and resource consent decision-making. The process has
the advantage of being conducive to building in the sensitivity of outcomes to different
levels of uncertainties in climate change drivers.

To implement effective approaches to managing coastal hazard risk, such risk must first be
appraised through:

o identifying the coastal margins and describing the associated assets located there
that are at risk from coastal erosion, storm and tsunami inundation

o considering how such risk may be induced or exacerbated by climate change or by
changing development in coastal margins .

o evaluating the likelihood and consequences of sucl-qgk over the timeframes of

interest.
AR

This process also allows the climate chapge risks Qad sub: nt adaptive responses to be
prioritised and compared equitably u@theg{'@ﬁs res availability and cost issues

(including works) that the local at@}p ty facgs \Q

The risk assessment framew@iesc@} in thi
carrying out risk assessm(Cl ar
or work through, coas zard
is intended that the ework’®anh be {g

ent a

assessing and de nin
that can be used: wher:

%ﬁpter provides an overall framework for
/ perﬁﬂ(tmg a structured way to think about,
cI| a ues and associated uncertainties. It
oth proactive policy and planning, and
lications. This process is not the only one
existing risk assessment process, climate
the purpose of this Guidance Manual, the

|ty
0 it.
X BN

Box 5.1: ey term’rmogy

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

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

A coastal hazard incident that occurs in a particular place during a particular
interval of time. It is distinct from merely a ‘storm event’, although it could be an
event that occurs during a storm (eg, erosion that results in loss of private
property).

Consequence The outcome of an event, expressed qualitatively in terms of the level of impact.
(or impact) Consequences can be measured in terms of direct or indirect economic, social,
environmental or other impacts.

Likelihood Likelihood is a qualitative (and possibly quantitative) measure of the probability
or chance of something happening.
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5.2 Fundamental concepts in risk assessment

There are several fundamental concepts that should be incorporated in any assessment of
coastal hazard risk, and how such risk may change as a result of climate change effects.

5.2.1 Risk varies over time

Risk varies over time and, for coastal margins, the risk is invariably increasing. This
reflects both the changing probability of the underlying hazard occurring, and the changing
scale of consequence should the risk occur. For example:

o climate varies because of its natural variability and longer-term climate change, both
of which will influence the occurrence or magnitude of the hazard

o natural defences change (eg, a narrowing of beach or dune width), influencing the
occurrence or magnitude of the hazard

e land use, subdivision and development change, usually intensifying, thereby
increasing the extent and therefore the magnitude of the consequences

o the value of assets at risk changes. It usually increaseémfluencmg the direct losses
and, therefore, the magnitude of the consequences. QO

Time is a fundamental consideration in any risk as sﬁ&nt ofgoastal hazards and the effect
climate change may have on these risks, A risk n‘éw ow but may evolve, owing
to climate change, during the |Ifetlﬂ'® ent, e or infrastructure. The time
factor or horizon that must be congige ed is tg etlr{& the decision, development,
service or infrastructure (Flgu

In this context, risk asse gni tion of risks over time by
introducing a planm zon Q%onsmk g tI@ at various points in the lifetime of
the decision, develo nt et

For example, for a lifetj Qf 1(2&n rs @k may be evaluated as it is now and as it will
be in 25, 50, 75 and pproach allows local government to plan for
response opuon%@olv tlme%'Fat is, it allows latitude to be incorporated in the
response optl addr i the risk is not addressed now, despite it being likely
to occur in ture que rises: Is the community locked into a position where it
cannot aygd or adgpto the risR”

(,O O
(9 Predominantly permanent:

Major subdivision & infrastructure (roads.
rail, bridges. storm & wastewater. ports.
airports)

Coastal hazard zones

Single relocatable residential properties
2020 LTCCP cycles
Coastcare activities. Regional & District Plan cycles. sea defences (un-maintained)
2010 o< Election cycles / profit and loss

Figure 5.1: Example timeframes for various decisions and development.

Coastal Hazards and Climate Change: Guidance Manual 2008 47



Table 5.1:

5.2.2 Risk varies spatially

Coastal hazard risk can be extremely variable, even over relatively short distances. This
spatial variability in risk can again be due to both spatial variability in the probability of
hazard occurrence and variability in the hazard consequence. Factors that affect the spatial
variability of risk include:

o changing coastal morphology (ie, coastal characteristics) or changing exposure to
coastal hazard drivers (eg, waves) along a coast, resulting in differing erosion rates,
storm response, etc

o differing hinterland elevations and the influence of inundation pathways, eg,
variation in inundation risk

e varying land use, subdivision density and value of human assets

o cultural and environmental assets.

5.2.3 Risk assessment needs to be appropriate

Any risk assessment needs to be: Q/
e conducted at a level of detail appropriate to the s%@gf the risk and nature of the
decision (Table 5.1) 0o

X
o consistent with the level of data & mform ava@ﬁ?e

The tiered approach to determining th assessment

Tier  Description

r» Qualitative Policy, national,
regional, local, project

2 Qualltatl égacmc f\/ Qualitative Policy, regional, local,
quantltatl |sk eg on é project

3 Quantitative ris essmeﬁ Speb@ detailed  Quantitative  Local, project

Risk screening é

v O Q

This Guidanc M{\Jal |§'ﬁned prifyafily at local government staff involved in policy,
planning or, ;Q\Jrce C @d those who need to be able to assess the risks posed by
coastal hazatis an dentlfy en a more detailed assessment may be required. As such,
itis ive ure and should be able to be conducted by local authority personnel,
alth sonfesytput from coastal hazard specialists is generally desirable. Where
available, coastal hazard personnel from the regional council should be consulted.

The approach outlined in this Guidance Manual assumes that local government staff using
the process have a reasonable knowledge of the characteristics of the coastal margins, are
aware of past coastal hazard issues, have access to aerial photographs, and have reviewed
previous relevant studies and reports.

However, the risk assessment framework used here is also amenable to more detailed levels
of risk assessment. As the level of detail increases, input from suitably qualified and
experienced specialists in coastal hazards (possibly available in the regional council) may
be required.

5.2.4 Risk needs to be communicated

The purpose of the risk assessment process is to aid decision-making. Therefore, there is a
need to communicate the risk assessment process in language that is as clear and concise as
possible. Within all risk assessments, there is a need to:

o define the overall approach

o clearly define all key assumptions made

o identify all uncertainties and their potential impact of the overall decision
o outline the scope and impact of any sensitivity testing
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Figure 5.2:

e be accountable and transparent
e report in a way that the non-specialist can understand the significance of the results.

5.2.5 Uncertainty needs to be considered

All local government business contends with uncertainty. Nevertheless, local government
has developed a range of mechanisms and approaches to deal with uncertainty through all
its planning and review processes.

In terms of coastal hazards and climate change, uncertainty defines the quality of our
knowledge concerning risk.>* Uncertainty may affect both the likelihood of hazard
conditions occurring and the consequences of those hazard events (Figure 5.2). The extent
of the impact that future climate change will have is also uncertain. For example, we
cannot predict with any degree of certainty the quantity of greenhouse gases that will be
emitted over the coming century. While ongoing research typically aims to reduce
uncertainties, adopting a risk-based approach allows uncertainty to be accommodated and
treated accordingly within decision-making.

s

Good
Ambiguity about the risk &oo wledge about
For example: *
= uncertain or ¥®n wn\'Q/ {Q‘exmla:
impacts ob > = unchanging climate
good historical data
good impact models

c en (90 §\ Short-term prediction

?,
L%

ility uncertain

For example:
= poor knowledge of

likelihood of damage

= good impact/process
models

= well defined impacts if
event occurs

= Longer-term
assessment

C\Knowledge of probability

Poor

Poor Good
Knowledge of consequence

Summary of different sources of uncertainty and some of their contributing factors relating to hazard risk
and climate change. Source: adapted from Willows and Connell 2003.

It is important to appreciate and clearly define where uncertainty exists, which uncertainties
have the most impact on the decision to be made, and the possible steps that could be taken
to reduce uncertainty. It may be that the scale of the decision does not warrant detailed
investigation to reduce such uncertainty, or that adopting a precautionary approach is
appropriate. More detailed approaches to risk assessment allow more robust methodologies
for incorporating uncertainty into the assessment procedure.

% UKCIP 2003.
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Irrespective of the level of detail of the risk assessment process, the number of uncertainties
that are involved with future climate change will require use of a mixture of quantitative
and qualitative information. While the risk assessment process provides a systematic
process, judgement (based on a range of information sources) will still need to applied.

5.3 The risk assessment process

The risk assessment process described in the following sections is based on the New
Zealand Standard for Risk Management, AS/NZS4360° (see Figure 5.3). The process can
be used to:

o identify and characterise the nature of the risk

o identify qualitative or quantitative estimates of the risk

e compare the sources of risk

o assess the impact of uncertainty within the context of the overall decision

o assess and compare the potential effectiveness of solutions to manage the risk.

This section considers steps 1 to 5 of the risk assessment process detailed in Figure 5.3,
with step 6, on managing the risks, being covered in chap /

%Q

5.3.1 Step 1: Define the problem and estal{is) the c&éxt

This first step ‘sets the scene’ withim@ h the@sk as ent process takes place and the
context within which coastal hazats and clifgate ¢ effects fit. Defining the issue will
s&t ired (Box 5.2). The significance of the
ion sures can then be judged against these

Y

Box 5.2:  Estalklisiiing tho o ntext - key consideiations

What is the problem or cr)actives ti'at need(s) tv be addressed?

assist with selecting the level @sk a
e a

risk and the appropriatenes(; 9

considerations. Q b (9

Where does the neeu ¢ make « uccision come from?
What are the primory drivers ozhind th e uroblem?
What is the nies ning timehrame anu'c: realistic ‘permanency’ timeframe?

What are tiie. boundai‘es, both spatially (ie, potential area affected by the hazard or decision, and
tempo:cliy (ie, the uariod) over which the decision will be applied?

Whot Constra'nes and decision criteria can be identified?
What is the extent and quality of data and information available?

What is the level of risk analysis to be adopted?

What legislative or policy constraints or requirements may apply?
What information on similar decisions and other guidance is available for this issue?

Have coastal hazards and climate change been incorporated within the decision-making process
before, or been accounted for at a higher level (eg, policy or strategic)?

How will the risk assessment be used within the decision-making process?
What is the approach to risk, eg, should a precautionary approach be adopted?
What resources are available to aid the risk assessment and decision-making?

% Standards New Zealand 2004.
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Figure 5.3:

Step 1: Chapter 5

Define the problem and establish the
context

{

Step 2: i
ldentify the relevant coastal hazards |

and dimate change diivers

Hazard Sources

Hazard Pathways

Hazard Receplors

Step 3: _ Q

Assess the likelihood and magnitude 5
the coastal hazards occuning 7\

LLL} I &
Assess th

conse

COMMUNICATE, MONITOR & REVIEW

i Step 6:

A process of coastal hazard risk assessment showing how the Source-Pathway-Receptors-
Consequences framework, and consideration of the effects of climate change and future development,
fit in to the risk assessment process. Source: adapted from Standards New Zealand 2004.

5.3.2 Step 2: Identify the relevant coastal hazards and climate change drivers

Understanding a community’s coastal hazards, vulnerability and exposure to damage, and
how these may change over time, is the foundation for developing effective and appropriate
risk-management and -reduction measures. For a coastal hazard risk to occur, there needs
to be a “driver’ (such as a storm), a ‘receptor’ (such as property within the coastal margin),
and an erosion or inundation pathway between the two, created by the driver. However, a
driver or hazard does not necessarily lead to a harmful impact, only the possibility of harm
occurring.

Coastal hazards and their consequences often have multiple sources, pathways and
receptors (eg, people, infrastructure, property), which may or may not be related and
interacting, may or may not occur at the same time, may occur over different timescales
(eg, an event such as a tsunami compared to slow coastal erosion), resulting in the overall
consequence. Appreciating these interactions is important.
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Figure 5.4:

The Source-Pathway-Receptor-Consequence (SPRC) framework (Figure 5.4) is a
convenient way to consider the key drivers of coastal hazards and how they impact on the
range of the human and built environment within particular coastal margins. Example
sources, pathways and receptors for different coastal hazards are shown in Table 5.2.

___»Consequence 1

~____——»Receptor1 — __ —»Consequence 2
Swircad -+ Pathway 1 - ——+Receptor 2 ’ ___w»Consequence 3a
Source 2 —— Pathway 2—— —»Receptor 3 ———— Consequence 3b
—+Receptor4 ———Consequence 4
SOURCES PATHWAYS RECEPTORS CONSEQUENCES
(Drivers)
eg, Winds, sea- eg, Overtopping, eg, People, eg, Loss of life,
level, tides, overwashing, property, stress, material
surges, waves, breaching, communities, damage, loss of
storms, ENSO, overland flow, infrastructure, land, environmental
IPO. tsunami undermining environment degradation,

cultural loss,

. economic impact

*
Source-Pathway-Receptor-Consequences (SPRC) framework for @ssing coastal hazard risk. A
conceptual example of how different source-pathway- receptor- uence combinations can form is
shown at the top of the figure.

Identification of the hazards and what ose I@z%ds focuses on the first three
components (Sources, Pathways a fthe C framework.
To apply the framework:

1. For the present day, der }%mbl %ﬁs of hazard sources, the range of
pathways they use tﬁ\s (or potential receptors) each
source/pathw bln mpag , location and situation under
consideratio

2. Consider ﬁaN the@feren ce p ay combinations may interact. For
example, coas}@@ siopgould le an increased possibility of dune breaching
and hence oy atlon

3. Over th\ efra %‘. qu conS|der the changes that climate change and
natusgf®fim |ab|@ ill have on the identified hazard sources and pathways,
h ey Jl‘@t and the resulting impacts on receptors (or potential receptors).

4, (ﬂenti@ether climate change will result in new source-pathway hazard
combindtions that will impact on the receptors (or potential receptors).
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Table 5.2:

Example sources, pathways and receptors for different coastal hazards

Hazard Sources Pathways Receptors
Coastal e Sealevel (tides, storm e Direct inundation of low-lying People
inundation i . .
surge) coastal margins Residential
e Waves e Overtopping of dunes, property
. coastal barrier or coastal .
e River flow Commercial
defences ronert
« Rainfall . . property
e Breaching or overwashing of Essential
e Influence of ENSO and dunes, gravel barrier or services
IPO coastal defences
e Wind e Via beach access points and Infrastructure
boat ramps Cultural assets
e Inundation via rivers and Ecosystems
streams Landscape
e Backed up stormwater and natural
systems character
values
Coastal e Sea level (tides, storm e Continuous retreat (due to
erosion: surge) episodic storms) e
Beach
eacnes e \Waves e Retreat (but wgzﬁctuatlons
e Sediment supply (rainfall in the short m term)
and/or river flow) e Stab &&nth fll)gyatlons
e River flows A n th = @ term)
) o . o @juano Oast
e Tidal prism in estu rl& ) |t|o |n|et and river
e Stormwater disc & outh amics
e Influence of ant}\ O\Q pping of coastal
IPO rler /\
Coastal e Seal @}tldes \Elumplr*@wor slippage due
erosion: sur ’b f}
Cliffs . ves 89 o _Qndermining of cliff
. Ralnfalb K \O versteepening of cliff
. S@e'ratures\o & e Removal of talus toe
rotection
\é?fuenctgzNSO (n% P
/b IPO Q @ e Lowering of shore platform
\' &b Q e Lowering of toe beach levels
O 0\ e Internal factors (weathering,
(J (9 groundwater, shrinkage)
Tsunamis e Local source e Direct inundation of low-lying
e Regional source coastal margins
. Distant source . Overtoppmg_ of dunes,
coastal barrier or coastal
defences
e Breaching or overwashing of
dunes, gravel barrier or
coastal defences
e Via beach access points
e Inundation via estuary
margins, river and stream
mouths
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Box 5.3: Identifying the risks — key considerations

Hazard sources and pathways:
Have coastal erosion lines or zones been defined or have inundation zones been assessed?

How does the general coastal morphology vary along the coast, eg, beach, cliff, estuary?

What is the dominant beach type (eg, sand, shingle) and how does this change along a coast?

What is the width of the beach or intertidal area?

How does the exposure to particular wave conditions (eg, swell or locally generated waves) and
wave directions change along the coastline?

What is the height and width of natural frontal barriers (eg, dunes)?

How do these natural barriers vary along the coast and how might they change over time (eg,
reduction in width due to erosion)?

What are the characteristics of the coastal hinterlands?

Are there any known vulnerable locations (eg, access points, spits, estuaries or river mouths,
levelled dunes)?

What particular low-lying areas are there?
Is there a history of coastal hazards affecting this location?

What events have happened in the past?

Receptors:
What is the land use and where does it hccur?
What is the density of development?
How many people live within thc ccastal maigins?
What are the approximate/re!anve veiues of the asses?

Is any lifeline infrastructur< or criti-al tacilitie:s 'ocated wihin the area (eg, hospitals, key
transportation or netveurk utilities that proide ufeline cannections and for which there is no
alternative)?

Is the value 0" the assets line2ly to rise tuarkedly in che future (eg, because of redevelopment of
residential property)?

Are assets easily r.-locatahle (=g, cabir.c &t a camping ground with no plumbing/drainage
services, compare with conciete slab -on-grade houses)?

Are there particular envitcrimental issues to be considered (eg, significant mangroves, wetlands,
seabird feeing or nestuig arcos, Lune ecosystems)?

What izvel of acwacs is availabie, how is this access affected?
Are ‘here arv cultural or heritage sites?

110W may thase criteria change over the period that the particular decision is to be applied?

5.3.3 Step 3: Assess the likelihood and magnitude of the hazards occurring

For each of the potential hazard sources and pathways affecting receptors located within the
coastal margin, an assessment is required of the magnitude of these hazard occurrences and
how likely they are to occur.

It is important to note that different coastal hazards have different characteristics. Storm
and tsunami inundation tends to be episodic and inundation levels can typically be defined
in a probabilistic way; for example, there is a 1% chance of a storm tide of a certain level
being exceeded in any one year (see Box 5.4). Coastal erosion, on the other hand, at
present tends not to be expressed probabilistically. As it is an ongoing process (a creeping
hazard), it is usually defined as the expected position of the coast at a certain future point in
time.
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Box 5.4:  Annual exceedence probabilities and return periods

For episodic hazard events such as storms and tsunami, we tend to express the likelihood of their
occurrence in terms of Annual Exceedence Probability (AEP) or in terms of average return period.

‘AEP’ refers to the chance of a particular threshold (eg, storm-tide level) being equalled or exceeded
in any one year. lItis defined either as a number between 0 and 1 or as a corresponding percentage.
Common AEPs used in hazard assessment include 0.01 (or 1% AEP), which means that there is a
1% chance of an event of a given size or larger occurring this year, or any year. An AEP of 0.02 (or
2% AEP) means that there is a 2% chance of an event of a given size or larger occurring this year, or
any year.

In general for extreme probabilities of less than 0.1, the average return period for an event is the
reciprocal of the AEP. Hence 0.1 (or 10%) would have an average return period of 10 years; 0.01 (or
1%) an average return period of 100 years.

The use of AEP to define the likelihood of hazard events is preferable to the use of return period
terminology, which is often misused. It can lead to a false sense of security for non-technical people
if there is not an equivalent statement qualifying the likelihood of a particular event occurring or being
exceeded during a particular timeframe.

As a rule of thumb, there is approximately a 63% chance of an event with an AEP of 2% occurring in
a 50-year timeframe, or a 1% AEP event occurring within a 100-year timeframe (see Figure 5.5
below).

Information and/or data on hazard probabilities for a pa@lﬁr location, or consideration of
coastal hazard zones where data and/or informatio een@erlved should be used
wherever they are available. For a qualitative ass€ssjpnent, @lderatlon can be given to the
following categories, which are bas the t nolo expressing the likelihood of
occurrence in the Fourth Assessm t por s between the categories should
be considered ‘fuzzy’. Depen n th fg either each source-pathway
combination creating a coast. %azar umu Iy for each coastal hazard, the

following is considered: (,)

e For coastal er wga '\frest (eg, 100 years), consider which
terminolo its h ikeli of erent coastal erosion pathways
affecting U I1ssu Q;‘Féce ofdnder 5|derat|on'

o VirtuaIIy 99 obablllty of occurrence
o Veryli é& % probability of occurrence

(¢]

lebly (Je @6—90% probability of occurrence
a hbgy as r@ 33-66% probability of occurrence
nlik hb 10-33% probability of occurrence
likely: 1-10% probability of occurrence
o Exceptlonally unlikely: < 1% probability of occurrence
e For storm and tsunami inundation: Again, select the terminology (based on the

categorisation above) that best fits the magnitude of the event for each inundation
hazard pathway for the planning timeframe in question.

To assist this assessment, Figure 5.5 shows the relationship between Annual Exceedence
Probability (horizontal axis) and the likelihood of occurrence within certain planning
timeframes (vertical axis). The coloured lines define the relationship for planning
timeframes of 20, 35, 50, 75, 100 and 150 years.

% |pcc 2007d.
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Figure 5.5:
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Likelihood of occurrence of different Annual Exceedence, ili ) events over planning
timeframes ranging from 20 to 150 years F example eis a| Ximately a 38% chance of a 1%
AEP event occurring within a 50-year (bI e (blu e). Hence, such an inundation
event would be defined as being ‘abou to o Terminology based on IPCC 2007d.
Where the effects of climate c ke i @d or magnitude of the hazard are
significant, the table abov @ss hgxclrmate change may change the
likelihood of the hazar ev ses bove categories may be too coarse
to define the hazard es t |mat bring about. This is discussed further

during the evalu t%&yks
‘0

o(@e hazard consequences on the receptors

5.3.4 Step 4. \%sé&ss th&\@ale

Just as we mus{c sider@f¢' ma e, and likelihood of occurrence, of the different ways
coastal haz @may jafodct o astal margin and the receptors (or elements) in i,
understapghing the ntial scalé of the consequence is also necessary. To develop this
und \@\can consider the degree of vulnerability of the existing (and potential)
receptars i l&@coastal margin.

The impact of coastal hazards can have many consequences, only some of which can be
expressed in monetary (tangible) terms. The measure of consequences can include:
fatalities, injuries, stress and physical disruption to people; tangible and intangible loss and
damage to property, community and lifeline infrastructure, the environment and cultural
assets; and direct and indirect impacts on the economy.

The range in the potential scale of the consequence depends again on the characteristic of
the coastal hazard, its interaction with a particular receptor and how vulnerable that
receptor is. For example, a major tsunami event has the potential to result in substantially
higher numbers of fatalities compared to ongoing coastal erosion, which would rarely
threaten life. Coastal erosion, on the other hand, may result in irreversible loss of
significant numbers of property, or ecosystem or cultural assets. An episodic event, such as
inundation due to a major storm, may cause only disruption for a period of time, or damage
that can be repaired.

Again, depending on the situation, the level of consequence for each receptor is assessed:
either for each source-pathway combination creating a coastal hazard risk, or cumulatively
for each coastal hazard risk. Some common receptors and suggested levels of consequence
are defined in Table 5.3, although alternative types of scaling can be used to suit the
particular situation.
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Table 5.3:

Note once again that the categorisation of the consequences in Table 5.3 may be too coarse

to detect either:

1) the extent of change that climate change may bring to the level of coastal hazard

consequence, or

2) the extent of change that further development may bring to the level of coastal

hazard consequence.

This is discussed further during the evaluation of the risks in Step 5.

An example of the level of consequences for different receptors affected by hazard occurrence. The
criteria for such a table are likely to be specific to each region.

Receptor Consequence

Insignificant Minor Moderate Significant

People <10 10-50 50-100 100-200

INIEL- NG Short-term Disruption for  Disruption for ~ Permanent loss

or inconvenience  several days  weeks — of some homes
ermanenc months .

permanency) &

Major

> 200
Permanent loss
of many homes

10-25 Q‘@ 25-50

People (no. of K<)
injuries)

> 50

1-10
0 b‘
. ‘0\\ &Q/ &Q/

People (no. of [4 <5

fatalities)

>5

Economic Minimal rate rlegh |aI Major financial

Huge financial

impact financial Iossesd lo :@ robably losses for losses
e or a m many involving many
(9 of ner individuals people and/or
K and/or corporations
Q /} companies and/or local
overnment
) \(—a r\/ 9
Essential Si?ort ter \wptlo \Disruption for  Some long- Large long-
services |nco nce day or, several days to term impacts term loss of
weeks services
Infrastructure Disruption for ~ Loss requiring  Loss of

several days to reinstatement

V
tion for
fay or two

significant parts

weeks of parts of of infrastructure
infrastructure network
network requiring
reinstatement
or relocation
Commercial Short-term Disruption for  Disruption for ~ Some long- Extensive long-

services inconvenience adayortwo several daysto term impacts term loss of
weeks services
(NI IETSEIEN Some minor Some impacts Moderate Some Complete loss
impacts on significant  impacts on irreversible of significant
cultural significant damage to cultural assets
assets cultural assets cultural assets
Ecosystems Short-term Some impacts Moderate Major impacts  Complete loss
impact on valued impacts on on valued of important
natural valued natural  natural natural

environment  environment environment

environment
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Figure 5.6:

5.3.5 Step 5: Evaluation of coastal hazard risk

The magnitude of risk is commonly expressed as a combination of the magnitude of the
hazard occurrence and the magnitude of the vulnerability or consequence. Before making
decisions on how such risks may be managed (see chapter 6), the final step requires
assessing the level of risk; what is driving ongoing and longer-term changes in the level of
risk; and the significance of such risk in relation to the many other factors that need to be
taken into account when considering coastal margin policy, planning and resource
consenting decisions. As such, this step involves assessing:

o the level of risk to the issue or receptor under consideration
« the significance of this risk

o how climate change may affect this level of risk

o what is driving the changing levels of risk.

Figure 5.6 provides a qualitative assessment of the level or risk for each of the source-
pathway-receptor-consequence combinations (or cumulatively for each coastal hazard). It
is based on the assessment of the magnitude and occurrence of coastal hazard risk (Step 3),
and the potential vulnerability of, or consequence on, the variqus receptors located (or
planned to be located) in the coastal margins (Step 4). ("/%

QO

Likelihood

Consequence

Risk matrix linking the likelihood of the hazard, scale of the consequence and resulting level of risk.

Understanding what is driving changes in the level of coastal hazard risk is the final part in
this component of the risk assessment process. That understanding provides the foundation
for informed decisions to be made about the acceptable level of risk, how such risk should
be managed (next chapter) or whether a more detailed assessment of risk is required.

Profiles of coastal hazard risk over the next 100 years will change, driven by variations in the:
e magnitude and frequency of hazard events caused by climate change

e human and built environment that are located within coastal margins susceptible to
such hazards.

Understanding the relative contribution of each of these factors to coastal hazard risk is
important.
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Figure 5.7:

In many situations around the coast of New Zealand, changing coastal hazard risk over the
next 100 years and longer will be dominated by ongoing development (or increasing value
of development) in coastal margins rather than by changes in the occurrence or magnitude
of hazard events.

The extent of change of coastal hazard risk (due to either a changing climate or increases in
the level or extent of development) can not always be discerned using the methodology
outlined above. If so, then a qualitative assessment of the relative magnitude of influence
of these drivers can be made, based on Figure 5.7.

Influence of climate change on the occurrence or
magnitude of coastal hazards

Present
srease in development in terms
alue of human and built assets

Edse, or
\\z‘m @.r . e coastal margin

x> Q0 Q
Relative i%ﬁgme qQf @e change¥related and human development-related impact on future coastal
hazard p 0\

54 Detailed risk assessment

Using the above risk framework permits a conceptual approach to assessing coastal hazard
risk and the effect climate change may have on it. For many issues, such a qualitative
assessment of risk may be sufficient; the same framework can also be used for a more
detailed assessment of coastal hazard risk.

Depending on the particular situation or issue under consideration, a more detailed or
guantitative risk assessment may be needed to aid the decision-making process. Such a
more detailed assessment will typically involve some or all of the following:

o analysis of existing datasets or monitoring of hazard sources and receptors to collect
further data

o application of quantitative approaches to hazard and risk modelling

e expert opinion.

In general, approaches to quantifying the physical aspects of coastal hazards are relatively
well defined. Generally, there is much lower capability for quantitative assessment of
biophysical and social, human and cultural impacts. However, whatever methods or
approaches are used, there will still be inherent uncertainties or assumptions that need to be
made. These, along with the uncertainties relating to projections of future climate, need to
be taken into account and clearly communicated.
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6 Managing Coastal Hazard and Related Climate
Change Risks

6.1 Introduction

The risk assessment process and use of up-to-date knowledge of climate change can help
local government and communities adapt to known climate change. The risk assessment
process outlined in the previous chapter fits comfortably into the plan preparation and
review required by the Resource Management Act 1991 (RMA) and Civil Defence
Emergency Management Act 2002 (CDEM Act) at the stages where issues are being
identified and a range of possible response options evaluated. With the advanced
knowledge of general climate change effects on coastal hazards, the need for an unplanned
response to climate change can be avoided.

In managing and reducing coastal hazard risks, the main purpose of this Guidance Manual
is to ensure the following:

e aprecautionary approach is adopted when making | @-use planning decisions
relating to new, and changes to existing, develc;rgépin coastal margins that takes

account of the level of risk; and uses existin tific knowledge and accounts for
scientific uncertainties

e new development is not expeﬂ% not se the levels of, coastal hazard
risks over its intended servpseable I|f ssively, the levels of risk to
existing development r tlm@

e the role of natural c |se in decision-making processes, and
consequently co ar% are seffed a moted as the fundamental form of
coastal defen as ono envj ntal social and cultural resource

e an integr nd S nable@(droac to the management of development and
coastal hazard ado ntrlbutes to the environmental, cultural,
social and ec em ople and communities.

(,QJ
611 T ’&ma @con%@

Successﬁ@cﬁ\ana nt of coastal hazard risk and the effect of climate change on coastal
devgtopshent ustainable management and development of our coastal margins, do not
take Pface in tsglation. Rather, they are integral components of protecting the natural
character, public access and amenity values of the coastal environment, as well as the
significant values and perceptions for the cultural, social and economic well-being of
people and communities.

Regional and territorial authorities have responsibilities and duties relating to avoiding,
remedying and mitigating coastal hazard risk, primarily under the planning framework of
the Local Government Act 2002 and the Resource Management Act (Figure 6.1). The
RMA was amended in 2004 to include the effects of climate change as a matter for councils
to have particular regard to in decision-making, including in relation to managing coastal
hazards. The RMA is effects-based, with the purpose of bringing about sustainable
management of natural and physical resources through planning of both land and the
coastal marine area.

The other key legislation of relevance to coastal hazard risk management is the Civil
Defence Emergency Management Act. The CDEM Act primarily focuses on the
sustainable management of hazards, and the safety or people, property and infrastructure in
an emergency, through an emphasis on risk reduction, readiness, response and recovery.
Risk reduction is primarily achieved through proactive planning as required by the RMA,
the Local Government Act 2002, the Building Act 2004, and the CDEM Act.
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Figure 6.1:

Appendix 1 provides a brief summary of the RMA, Local Government Act and CDEM Act
in relation to coastal hazards and climate change, along with the associated New Zealand
Coastal Policy Statement (NZCPS);* it also summarises other legislation of particular
relevance to coastal development and hazard management: primarily the Building Act
2004, the Foreshore and Seabed Act 2004 and the Reserves Act 1997.

Resource Management Act

NZ Coastal Policy Statement National Policy Statements
Minister of Conservation National Environmental Standards

Regional Policy Statement
Regional Council

Plan l District Plan

District, City or Unitary Councils

Regional Coastal (Environment)
Regional or Unitary Councils

Resource consents ) Resource consents

Planning framework under the RMA for the ¢ astal enwr&ﬂvent (\

A growing body of case law is av e Q’;\als relevant to managing climate
change effects and local auth @s reﬂébllm managlng natural hazards.
Summaries of relevant case pro(/ in d|x 2.

K

Key themes include:*®

. recogmsn&;bg a§ ’?cllnéﬁ;%angﬂl
o clarifying ther ive &of%@nal and territorial authorities

e indicating r&fples &dear%@ idance, generally, and in areas which are already
develope

. mdloQ@g ;n@les o@%hlch to consider effects

@?y relationship between resource and building consents
adoptﬁ@cllmate change information and a cautious approach.

More detail on the legislative frameworks in relation to coastal development decision-
making is provided in the Coastal Development Guidance Note on the Quality Planning
website of the Ministry for the Environment,> in The Community Guide to Coastal
Development under the Resource Management Act 1991% and (in terms of natural hazards
in general) in the Natural Hazards Guidance Note on the Quality Planning website,** with
a comprehensive review of coastal hazard management issues provided by Jacobson as part
of the NZCPS review.®

5" Under review — out for public consultation: March 2008.
%8 MfE 2008a.

% MfE 2008bh.

8 peart 2005.

81 MfE 2008c.

82 Jacobson 2004.
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6.2 Principles for managing coastal hazard risks

Local government management of present-day and future risk from coastal hazards through
policy development, planning and resource consenting involves a combination of inter-
related risk-avoidance and risk-reduction activities. However, planning approaches will
never completely nullify all coastal hazard risks that affect coastal communities.

Risk management also involves understanding and assessing the boundaries between risk-
avoidance and risk-reduction activities, and risk-transfer activities — which deals with any
portion of risk that is left over, after agreement is reached on levels of risk protection
(Figure 6.2).

How these risk-management activities (ie, the typical relative contribution of each) relate to
successful climate change adaptation in relation to coastal hazard risk is shown
conceptually in Figure 6.3. The most effective adaptation will occur when the risk is
avoided, but in many cases (eg, existing development), avoidance may be impractical and a
mix of risk-reduction and risk-transfer approaches are required.

Rty idane R0y

Figure 6.2: The risk-managm&Qt trian ffectiv astal hazard risk management is a combination of planning
and resource cpb nting, ge@@anagement and insurance.

_Risk transfer

Effective adaptation
eg, building adaptive capacity,
providing no andfor low- regrets
solutions and win-win solutions

Figure 6.3: Relative contribution of risk-management activities for effective adaptation to coastal hazard-related
climate change risks in coastal margins.
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Figure 6.4:

These risk-management activities involve a range of statutory and non-statutory measures.
Some of these measures are applicable in many situations and others are suitable or
effective in only exceptional circumstances. Measures include those that are well
established and accepted compared to others that are relatively new, untested or trialled.
The mix of measures will depend very much on: the nature of the hazard; the risk
characteristics and how these are changing (specifically the duration, location, extent and
nature of the issue in question); whether there is a particular driver present; and people’s
awareness, risk tolerance and willingness to adapt or pay to reduce risk.

The basic principles for coastal hazard risk management and how they apply to different
categories of coastal development are summarised in Figure 6.4.

Developed coastal areas

Partly developed coastal areas

Undeveloped coastal areas

Identify and understand
coastal hazard risk and how it
is changing

. .
{hazard, vulnerabilities, Q/°
consequences and risk) Q%

‘ Plan to avoid new

development in coastal % X
hazard areas b QQ
C hJ 1 g
f@fnabﬂr reduce |

oastal zard risks in areas |
&Ima eloped or subdivided |

usi risk-based approach |
‘ /\ ]_ Plan for evacuallon

Basic hierarchy of’fWés relé@o man@g coastal hazard risk and the different levels of coastal

development to wi e prir@les ap )@
S

Identifqu,%ﬁ@' un erﬁwing@aqutal hazards, vulnerabilities and potential consequences
within ¢ S (eg, through the risk framework detailed in the previous chapter)
pro @af d)lon for land-use and emergency planning policies, and strategies for
managing th souated risks.

These basic principles must also be underpinned by effective communication to build
community awareness and public and political support for coastal hazard risk planning
activities, and to support the processes of community consultation and participation for
achieving effective community planning outcomes. There must also be a community
acceptance of the upper threshold of risk treatment before emergency management
arrangements come into play (especially for episodic events such as tsunami or storm-tide
inundation).

6.3 Mechanisms for avoiding and reducing coastal hazard risks

Taking a precautionary approach to planning new development, infrastructure and services
to avoid coastal hazards over their intended lifetime (see Figure 5.1 in section 5.2) is the
most effective and sustainable long-term approach. This approach is relevant to all coastal
development situations, from completely undeveloped coastal margins to high-density
urban areas. It helps build effective adaptive capacity in permitting the human and built
environment as well as natural coastal systems, to adjust or respond to climate change —
thereby limiting the potential for damage, and providing opportunity for the natural coastal
system to absorb much of the potential consequences.
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For greenfield sites, ensuring that new development is located beyond (landward of)
defined coastal hazard zones (left-hand side of Figure 6.4) should be effected through the
appropriate controls in the regulatory processes of regional and district planning.

A more complex planning issue is dealing with existing development that is already located
in areas identified as being susceptible to coastal hazards in the foreseeable future. This
issue requires a wider mix of mechanisms for managing coastal hazard risk and promoting
adaptation, which typically involve a combination of methods such as:

o information and education

¢ land-use planning regulation

e building consent controls

o financial mechanisms, eg, land purchase

e long-term infrastructure planning

o protection structures (soft and hard) where ‘holding the line’ is necessary.

Some of these methods are discussed in the sections that follow.

Box 6.1: Coastal hazard avoidance: different meanings fo' Jdiirerent coastal hazards

In the context of coastal erosion, avoidance means ensuring u.at an 2sset is not affected by retreat
of a coastline over a specific period of time (typically 50-120 years>.

For storm inundation, avoidance means ersuiring that an asset is not significantly damaged by, or is
located beyond (or above) an area prone t), Inunac<tiun to a certain acceptable or defined risk level
(usually expressed as an Annual Exczedence Prct ability) owver a specific period of time. Residual
risk, due to more extreme events, rnay be mencged (depending on the asset) by adopting risk-
reduction measures related to tha ssset’s Iccation ana construction: the aim is to minimise impact
and facilitate evacuation, emei£ncy manayement and insi:-ance.

For tsunami inundation, a2vo:dance me=i1s ersuiny that an asset is not damaged by, or is located
beyond an area prone ‘o, niundafiar, to an aceptable ar Jdefined risk level. (This may be expressed
as an AEP or in terms 2, the magritude, type and locetion of the event causing the tsunami).
Residual risk due v more exwere ever.ts should e managed (depending on the asset) by adopting
risk-reduction measures re'ated to the 2sset’s Inl2iion and construction: here too, the aim is to
minimise impact and feziltate evecuation, emeryency management and insurance.

It is important to redlis¢: that, all cther thingc being equal, the level of damage (consequence)
experienced drie \ a tsunan« that inurid-es an area to a certain level will typically be much greater
than storm-re/ated inundahicii to the seme level. For example, a 1-m storm surge will be less
damaging than a 1-m-i'an tsunami vave. *

S
6.4 Information and education

Public information and education on coastal hazards and risk underpins all aspects of
coastal hazard risk management planning (Figure 6.4). Increased public awareness of
coastal hazard risk is typically achieved through:®*

e non-statutory approaches such as making available and/or facilitating and
supporting: educational material, websites, public talks and meetings, effective use
of media, Coastcare groups (to build practical community experience and
‘ownership’ of issues). Technical reports on the extent and significance of coastal
hazards, and on options for reducing risks associated with these hazards are also
important.

8 A 1-m high tsunami from a local or regional source will generally cause more direct physical
damage than a 1-m high tsunami wave from a remote Pacific source. However, the latter will
generally result in greater inundation volumes as the period of the wave is larger, and hence it
encapsulates a larger volume of water.

Turbott and Stewart 2006.
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o statutory mechanisms including:

o incorporating hazard and risk information in regional and district plans, and
other supporting statutory and non-statutory planning documents such as Long-
term Council Community Plans (LTCCP), strategic plans and possibly annual
plans

o the Land Information Memorandum (LIM), which summarises all information
that a council holds for a piece of land (see section 6.6). Among other things, it
may contain information on potential erosion and inundation hazards that may
affect the site, and is typically prepared for members of the public who are
considering purchasing a property. An important consideration for council
relates to the accuracy of the hazard information and potential liability issues
(see also section 4.3)

o placing notices of coastal hazard risk on property titles under sections 73 and 74
of the Building Act 2004.

It is well established, both in New Zealand and elsewhere, that the provision of information
on coastal hazard risks does not always influence people’s decision-making on purchasing
or living in property within at-risk areas. Nor does it in general result in property owners
proactively and sustainably reducing coastal hazard risk to éé@r property.

Whilst education and the provision of hazard and ri f&?m on underpin all aspects of
coastal hazard risk management, these are ineffecivévin ma g coastal hazard risk on

their own. \Q ,&Q/ @
e
6.5 Risk managem&ﬁant}&;ta@ through land-use planning

N
6.5.1 RMA plan ame \ N
§e’ cts o

Coastal develop oast f)dards (and resulting effects climate

change has on th aZ% |s p ged by regional councils and territorial and
unitary councils thro ory @se planning process:

re@enal coastal (environment) plans and district plans
nd must give effect to national policy statements and

district plans, and the provisions of the NZCPS, national policy statements and
Part Il of the RMA.

A regional policy statement defines the regionally significant resource management issues
over both land and the coastal marine area within a particular region and sets region-wide
objectives and policies. It also details the methods to use in addressing and implementing
the objectives and policies. The regional policy statement has a key role in integrating
resource management issues. However, it does not contain rules and therefore does not
control activities directly.

Under the RMA, regional councils are responsible for controlling the use of land for the
purposes of avoiding or mitigating natural hazards. They may control any actual or
potential effects of the use, development or protection of land within the coastal marine
area (defined as the area from Mean High Water Spring (MHWS) out to the 12 nautical
mile limit), for avoiding or mitigating natural hazards.

City and district councils are empowered by the RMA to control the effects of land-use
activities for the purpose of avoiding or mitigating natural hazards.

% RMA sections 62(3), 67(3)1, 75(3).
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Figure 6.5:

In the context of land-use controls for avoiding or mitigating natural hazards, the functions
of the regional councils and territorial authorities are similar. It is vital that a collaborative
and integrated approach between the authorities is adopted to ensure that consistent
structures for environmental policy and rules are developed.

The purpose of the regional policy statement is to provide an overview of the significant
resource management issues of the region and policies and methods to achieve
integration.®® In regard to natural hazards, this purpose is reinforced through RMA section
62(1)(i)(i), which requires the regional policy statement to specify which local authority
(region, district, city or unitary) is responsible for controlling the use of land for avoiding or
mitigating natural hazards or any group of hazards.

This statement of relative responsibility will help clarify district and regional
responsibilities for managing coastal hazards. Most first-generation regional coastal plans
addressed only the coastal marine area, but some regional councils have developed regional
coastal environment plans. These latter plans focused on the integrated management of the
coastal marine area and the landward areas. Some regional coastal environment plans
concern only the objective and policy level, while others also include rules controlling
activities on land for hazard and soil conservation purposes (Figure 6.5 shows one regional
coastal environment plan). For example, regional plans c control subdivision, but
may state policies directing how subdivision in coastal areas is to be managed.

Regionu\l Coastas Enviznnment Plan

mile limit

12

Plan boundaries as defined in Environment Bay of Plenty’s Regional Coastal Environmental Plan. A
number of regional coastal plans cover only the coastal marine area (ie, seaward of MHWS), whereas
others also include the land—sea interface in the coastal environment. CMA=Coastal Marine Area.
Source: Environment Bay of Plenty 2003.

District plans focus on the subdivision, use and development of land; they include
objectives, policies, rules or other methods that guide and control related activities. District
plans must give effect to the objectives and policies of the NZCPS and the regional policy
statement and must not be inconsistent with any objective, policy, rules or other methods in
a regional plan. Some key issues and differences relating to regional and district plans are
summarised in Table 6.1.

% RMA section 59.
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Table 6.1:

Some key issues and differences between regional and district plans relevant to coastal hazard risk
management and climate change. Source: adapted from Turbott and Stewart 2006.

Regional plans District plans

e An activity cannot occur unless there is a e Activities are permitted unless there is a rule
rule specifically permitting the activity, or a stating that the activity requires a consent
resource consent is obtained. (eg, building coastal defences above the
Note: this does not hold true in respect of MHWS line is a permitted activity unless
RMA section 9(3) — Restrictions on the use there is a rule in the plan controlling it).
of land.

e The exception to this is subdivision (RMA
section 11), which cannot occur unless it is
allowed in the district plan or a resource
consent is obtained.

e Rules cannot be used to control subdivision. e Rules can be used to control subdivision.

e Rules have potential to control both existing e Rules cannot control activities occurring
and new development on land. Historically, seaward of the MHWS position.
most regional councils have deferred this
responsibility to the district or city councils.

e Rules have potential to control coastal e Rules can ggntrol coastal defence works on
defence works both in the coastal marine land onI@ve MHWS.
area and on land.

VaN

G o G
e If controls on building in a hazard area are . C;d trolsm’ﬁwlldmg in a hazard areas are
contained within the rules, then it is not ntain ithin the rules, then existing use
possible to rely on existing use ng A @ rightsgNapply under section 10.

Is on building in a hazard area with
@ @ aqs ing use rights can be applied only where
b \\ bstantial extension or upgrade of the
@ leng is undertaken.
U Q’\,‘
6.5.2 Manag@é? stal rd rlikqmough rules in regional and district

plans

The effectiveness ojﬁa aglo@)astal,éé%d risk through the RMA process primarily
comes down to:

. HO\é ieréctlve gﬁe %@m the district plan in controlling subdivision, use and

1vities IYcoastal hazard areas?

'

Q?ow ﬂ)}e the overarching policies and objectives — that are defined within the
ZC he regional policy statement and regional plans — encapsulated and
specified within the district plans?

The effectiveness also depends on the degree to which compliance with the district plan is
monitored and enforced. Requirements will vary between districts and regions, but
effective regional and district plans that relate to managing coastal hazard risks, and the
effects of climate change, must include rules and other methods that:

o are based on risk, in particular, are related to the importance or vulnerability of the
specific elements (receptors) at risk (Figure 6.6 and Box 6.2)

» recognise the importance of specific and well-defined coastal setback zones for
coastal hazard areas covering a lengthy planning horizon such as 100 years. They
need to be periodically reviewed and redefined and may also incorporate other
setback requirements, such as those related to landscape and natural character
requirements

o are flexible enough (through precautionary or risk-tracking approaches) to
accommodate the variability and uncertainty associated with natural coastal hazards
and the uncertainties associated with future climate change and its impact on coastal
hazards (see Figure 4.2)

o specify coastal hazards as a regionally significant issue and state a preference for
risk avoidance for new development and risk reduction for existing developed areas
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Figure 6.6:

Likelihood

do not lock in future generations to particular or restrictive approaches to risk
management; nor do they reduce the range of risk-management approaches that are
available at present (eg, constructing coastal defences typically results in the
expectation that such defences will be maintained in perpetuum, leading to ever
increasing financial commitment to maintain and upgrade such defences)

encourage no-regrets and win—-win solutions to reducing risks and building long-
term community resilience

place a strong emphasis on integrated planning across the MHWS boundary

maintain the natural coastal defences and buffers and encourage mechanisms for
their enhancement (such as Coastcare)

strategically identify in the regional and district plans (or, where appropriate, in
other non-statutory plans or strategies) where certain management approaches (such
as ‘hold the line” approaches) may be appropriate and acceptable

are specific, particularly about what is not permitted in district plans in relation to:
1) new or intensified coastal development in coastal hazard areas, and 2) building
new or upgrading coastal protection works within the coastal environment

integrate the range of coastal hazard risk, rather th ating coastal erosion, storm
inundation and tsunami risk independently
identify and permit a mix of complementa utor non-statutory risk-
reduction activities
define transition mechanis d t| mes urrent unsustainable approaches
to risk management, s m ard@ﬁs ainable approaches
facilitate ongoing r coastal hazards, vulnerabilities and
potential conse st l\% ow these are changing and what is
driving these |tat@§50 th % quent incorporation of this
mformatl ct pl trateglc community, annual and
managem plan{ d co nlty reness and education activities.
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Conceptual representation of the relationship between the magnitude of the risk and the restrictiveness
of resource consent category within the coastal environment.
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There are some significant barriers to achieving effective risk reduction through the land-
use planning framework. These relate particularly to relocating property at risk and
managing existing use rights, the management of esplanade reserves on eroding coastlines,
and managing the ongoing public and political pressure for coastal protection works to
‘hold the line’ on eroding coasts. These issues are addressed in the sections that follow.

Box 6.2:  Vulnerability zoning — increasing risk standards in Europe

In many places in the world, coastal hazard risk is expressed in terms of an acceptable event return
period (or AEP; see Box 5.3).

In Sweden, risk is defined this way, but the definition varies depending on the ‘social tolerance’ of
inundation expressed in terms of the impact. Hence, inner city areas with a high level of people at
risk and a high level of investment have the lowest tolerance.

Such an approach is increasingly being used elsewhere, including in Scotland, England and
Northern Ireland for flood policy (which includes coastal erosion and inundation). An example of one
of these risk frameworks (in simplified form) is outlined below (adapted from Scottish Planning Policy
SPP7: Planning and flooding).

1. Little or no risk areas: AEP of watercourse, tidal or coastal flooding less than 0.1%
(1000-year return period).

Appropriate planning response: No constraints on planning dite 0 flood risk

Low to medium risk areas: AEP of watercourse, tidal or tnastal flooding in the range
0.1-0.5% (1000-500-year return period)

Appropriate planning response: It will not usually be nz:cessar. 19 consider flood risk unless local
conditions indicate otherwise. Suitab!a for most cevelopmen. A flood risk assessment may be
required at the upper end of the probewility reng= (ie, clns= 10 0.5%) or where the nature of the
development or local circumstances, indica’c(c)y heigh’ened risk. Water-resistant materials and
construction may be requireo 1crending on the floorn nsk assessment. Subject to operational
requirements, including resyunise tinies, these aic+'s are generally not suitable for essential civil
infrastructure such as hcsnials, fire swations, emeargency depots. Where such infrastructure has
to be located in these areas or i< 2eing substa:itially cxtended, it must be capable of remaining
operational and acr.ossible dirrig extrerne flooding events.

Medium to h.oh visk ar=as: AEP o\ atercou se, tidal or coastal flooding greater than 0.5%
(200-year return perioc’)

Generally not suitenle for essenual civil inhastructure such as hospitals, fire stations, emergency
depots, schoo!s, round-basau electrical and telecommunications equipment. The policy for
development on functior.z flood plan:< applies. Land raising may be acceptable.

Approprie: Llanning i 2sponsc (within areas already built up): These areas may be suitable for
residerud, institutinnal, comnrecial and industrial development, provided flood prevention
mea-.'res to the appropriate standard already exist, are under construction, or are planned as
nz rt or a lona-r=im development strategy in a structure plan context. In allocating sites,
oreference should be given to those areas already defended to that standard. Water-resistant
materials and construction as appropriate.

Appropriate planning response (undeveloped and sparsely populated areas): These areas are
generally not suitable for additional development, including residential, institutional, commercial
and industrial development. Exceptions may arise if a location is essential for operational
reasons, for example, for navigation and water-based recreation uses, agriculture, transport or
some utilities infrastructure, and an alternative lower-risk location is not achievable. Such
infrastructure should be designed and constructed to remain operational during floods. These
areas may also be suitable for some recreation, sport, amenity and nature conservation uses
(provided adequate evacuation procedures are in place). Job-related accommodation (eg,
caretakers and operational staff) may be acceptable. New caravan and camping sites should
generally not be located in these areas. Exceptionally, if built development is permitted, flood
prevention and alleviation measures are likely to be required and the loss of storage capacity
minimised. Water-resistant materials and construction as appropriate. Land should not be
developed if it will be needed or have significant potential for coastal managed realignment or
washland creation as part of an overall flood defence.

Sources: Crichton 2005a; Scottish Executive 2004.
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Figure 6.7:

Planned or managed retreat

Given the level of existing coastal development in coastal margins around New Zealand,
the use of planned or managed retreat will need to become a fundamental and commonly
applied risk-reduction measure within the next few decades. The alternative would be a
considerable increase in the scale of hard coastal protection works that are installed. This
may be an appropriate long-term strategy in certain (exceptional) circumstances, but such
an approach does not fit comfortably with the values and principles of sustainably
managing coastal margins: it would impact significantly on beaches, and on natural
character, amenity and public access values.

‘Managed retreat’ is defined as any strategic decision to withdraw, relocate (Figure 6.7) or
abandon private or public assets that are at risk of being impacted by coastal hazards.®” At
present, relocation of properties tends to occur on a case-by-case, occasional basis, with no
council having yet developed a district or region-wide strategic approach to reducing
coastal hazard risk this way.

Relocation of a property b@ rom tRENYOdi

(

n%) tlin@e West Coast.
o) )
The various scal(e}} man re@ clude

micro- retreat, ) gvatio %e building floor is raised, for example, by
elevating es s Ie only for inundation-related hazards)

. relocatm ithin &oper&fboundary
. rel@;%n tgm her s@
Q@% &a@}elocatlon of settlements and infrastructure.

It is suggested that the most likely methods for implementing managed retreat would be a
mix of some or all of the following:

 district and regional plan rules that relate to managing existing use rights and
limiting or controlling the construction of protection works

e property title covenants, to prevent undesirable activities such as construction of
coastal defences. Covenants may also specify where and when retreat and/or
relocation is required

o financial instruments or assistance measures including:

o purchase of property

subsidies for relocation

taxation of risk or adverse effects

pre-paid community relocation fund

transferable development rights

o O O O

o relocation of infrastructure out of hazard areas

e insurance incentives or disincentives.

87 Turbott and Stewart (2006), from which this section has been summarised. Further consideration

of managed retreat is provided in Jacobson (2004).
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Financial mechanisms are likely to play a key role, but their use to date in reducing coastal
hazard risk has tended to be on a case-by-case basis by councils and other agencies. If
financial mechanisms are to be incorporated more fully into activities to avoid and reduce
coastal hazard risk, decision tools such as cost-benefit analyses will need to be part of
option appraisal processes (and include more research into aspects such as non-market
valuation).

Box 6.3: Relocatable buildings —a mechanism for facilitating managed retreat?

Rules specifying that new buildings within coastal erosion hazard zones are able to be relocated are
used in a number of district plans. Typically, such provisions relate to buildings in hazard zones that
are likely to be impacted by erosion in the next 50-100 years (ie, not immediately) and relate to
replacement of either existing buildings where existing use rights apply, or to new buildings in
existing subdivisions. To be effective, a number of conditions are required; these will depend on the
nature of the location but generally include:

e construction of the building so that is readily relocatable

e a ‘building relocation strategy’ to ensure that dwellings can be easily relocated. For example,
Tauranga City Council require an alternative building site be identified that is clear of the city’s
defined coastal hazard zone

a trigger point for relocation, typically related to the seaward tor: of the foredune or vegetation
line, and timeframe for relocation to be undertaken

inclusion of a covenant on the land title to register the ccinsent conditions

inclusion of notice on title to the land of the natural '1azard unde. scctions 73 and 74 of the
Building Act.

As requirements for relocatable buildings have becn a relatively new development, there are no
examples where relocation has yet br:en undertale n. Kev arovisions are the trigger point and
ensuing timeframe for relocation. T+ese vary witn eack situation, but they tend to be based on one
trigger and one timeframe. In som: situricns, timeframes can be a matter of hours after the trigger
point is reached: this may be u:rzalistic, p2sticularlv 1 there are a number of buildings to be
relocated. A more effective agproach would be to 'dentify an initial trigger point (when erosion
reaches it, the property o wr.eris pur o notice to relocrad), and an ultimate trigger point (if erosion
continues and reaches ttis point, "e:moval m' 15t occur within a short timeframe).

While relocatable wu’ldings raxy be aopiorriate in Jome circumstances, it is debatable whether they
provide an effective balance vetween csastal de «clopment and managing coastal hazard risk. In
essence, the provision< snii permit u2veloprrenrt in areas that will likely experience coastal erosion
within the next 50-1%r years (&nu that ma / ve at risk from other hazards such as tsunamis). As
such, current pro /isans perro:t levels of rick to continue to increase in coastal margins. Rather than
being viewed ar a 1ong-term option, usc of such measures should perhaps be considered more as a
transition mectianism until more comprehensive forms of planned retreat have been adopted and
until there =re tighter controls on e.isting use rights on development and redevelopment in coastal
hazard areas.

For managed retreat to be implemented, Turbott and Stewart (2006) suggest that regulation
must also include two key elements: 1) prohibiting hard protection works in the coastal
marine area and adjacent land, and 2) specifying control of land-use rights for both new and
existing buildings plus the trigger levels that would require relocation. Despite Turbott’s
and Stewart’s work, significant barriers remain to managed retreat becoming a strategic and
more commonly applied mechanism.

These barriers include:

e public perception, existing use rights (see next section), financial issues, and the
relative involvement of central government, and regional / district councils in
applying and managing retreat

o the sporadic use of more robust decision-making tools, particularly cost-benefit
analysis incorporating non-market valuations

o the lack of clear processes relating to transition mechanisms and timeframes for
staging a strategic approach to managed retreat.
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6.5.3 Existing use rights

Issues around existing use rights® are a key barrier to the effective implementation of
planned retreat approaches and, in general, to reducing coastal hazard risks on coastal
margins where existing development is located.

Under the RMA, there are no existing use rights for structures in rivers and lakes or in the
coastal marine area (except for reclamations), or for water takes and discharges. All
consents are given for specific terms. Note, however, that the term of a consent, once set,
cannot be changed. Reviews of conditions by a local authority can require changes to
mitigate effects, but cannot extinguish the rights granted with the consent.

Land uses, if established through permitted activity status in a district plan, or through a
consent, have existing use rights; they are thus effectively permanent, unless a rule in a
regional plan provides otherwise (see RMA sections 9(3) and 20(2)). However, the
wording of section 10 of the RMA, which provides for existing use rights, incorporates the
ability to consider the effects of a use or development whenever an alteration is proposed.
This may mean, for example, that building upgrades or extensions in hazard areas may not
be able to rely on existing use rights. However, for coastal hazard zones, controlling
existing use rights within the district plan would remain a pr@lem where existing buildings
are not altered (see Box 6.4).

Councils need to consider carefully the implicatig actlv permitted in a district plan,
the terms of consents granted, and the tent of ing ghts in circumstances where
coastal hazards may be exacerbated >Qr he taI h S may occur — within the

lifetime of a development or nev& |V|ty(° K
N <

Box 6.4: Management of cxisting ‘1se righ’s 1. the Car.terbury Regional Coastal
Environment Pian

The Canterbury Regiona! Coastal £nvironment Plan is one of the few regional plans that currently
contain specific ruies contro’ing existing vse rights within defined coastal hazard zones. The rules
permit existing uses to continue, but cuitrol t construction or replacement of structures within the
coastal erosion hazard zcrie. For on reconstrusidon and replacement activities, rules require
specifications to be seniar to those of the existing structure, they control the location relative to the
existing structure, «.q they pravent any (acrease in floor area of any habitable building (the exception
is a number of uefined areas where an iiicrease in floor area of up to 25 square metres is permitted
relative to th2 “i,or area that exiced at 1 July 1994).

Where a nui.ding is de maged or destroyed by the sea, rules also control the minimum section size
upon ‘vi.itn reconctiuction or replacement is permitted. Hence, the plan also provides the scope to
roll existing una.*ered development landward, should the need arise.

Regional land-use rules, which may relate to the avoidance or mitigation of natural hazards
(enabled through the provisions of sections 30(1)(c) and 68), effectively extinguish existing
use rights if those rights are incorporated in a regional plan (see section 20A(2) of the
RMA) (see Box 6.4). These provisions sit alongside district plan provisions but override
section 10 of the Act. Activities that are not permitted must obtain new consents once the
plan becomes operative, and new consents may be of a limited duration.

6.5.4 Esplanade reserves and strips

The RMA enables territorial authorities to create esplanade reserves or strips at the time of
consent for new subdivision to contribute to the protection of conservation values, to enable
public access to or along the coast, and to enable public recreational use adjacent to the sea.
Amendments to the RMA in 1993 gave more discretion to councils to waive or vary
esplanade requirements following subdivision.

%  This section is adapted from MfE (2008a).
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There are three forms:

Esplanade reserves extend up to a width of 20 m inland from the MHWS position, have
fixed landward boundaries and are owned by the council.

Esplanade strips are created as part of the title of the land and remain in private
ownership. Boundaries are fixed only in relation to the MHWS
position and move with changes in erosion and accretion.

Access strips are used to provide access to the coast, commonly to join a road end to
the coast via private land. They can be achieved only through
negotiation, are not conditions on consents and are not added to land
titles. They can be varied or cancelled without public input. They can
also be acquired along coastal margins to join up other public lands or
reserves.

Where land is subdivided adjacent to the coast into lots less than 4 ha, then local authorities
can require an esplanade reserve or strip. Territorial authorities have considerable
discretion to vary this requirement, but the default is that it should be taken for the purpose
of protection of conservation values, public access and recreatjonal use.®®

Despite providing a buffer at the coast, reserves or strips@,%t provide a primary
mechanism for reducing coastal hazard risk; they can @) itigating natural hazards
while protectlng conservatlon values and enablmg@) ic acég;and compatible
recreational use.’

Esplanade reserve land is typica cke e3| ial development or infrastructure
serving residential developme 0a rosion causes the progressive loss of
the reserve, resulting in a p@w @bll access to the coast. In many places,
there is also considerable{F ssure coun rom\oraperty owners backing the reserve to

protect it and hence t| rop re al es of un-consented protection works

that have been ¢ te QQRD |IC ves by ont row property owners. However,
councils do not ha res |I|t\, rote@eserves as a means of protecting private

property.”

How councils wil¢Wiana ss of @anade reserve, and hence the public values associated
with such areag\is a di It a lex issue for councils. The issue will strongly
influence i app to str |caIIy implementing managed retreat.

6.5 g'/ I protection structures

On eroding coastlines that have been developed, there is typically high public (and often
political) demand for coast protection measures to ‘hold the line” and protect private
property, infrastructure or utilities. Such measures are often viewed by the public as
‘solutions’ to coastal erosion problems. Unfortunately, they tend to:

e be reactive
o rarely be the most effective or sustainable option in the long term

o lead to a false sense of future security and often encourage further development
behind the structures (see the Development-defend-development cycle in Box 1.2)

o lead to other environmental damage and severe impacts on other coastal values

o lead to an expectation that such defences will be maintained in perpetuum, leading
to ever increasing financial commitment to maintain and upgrade such defences.

% RMA sections 229, 230 and 237.
" RMA section 229(2)(v).
" Turbott and Stewart 2006.
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Figure 6.8:

Most constructed coastal defences on New Zealand’s coastline that protect residential
property will have a limited lifetime — at best, probably around 10-20 years. Generally
they are not constructed to a standard to effectively withstand the more significant storm
events that can occur. They are, in most cases, not as permanent as the residents apparently
‘protected’ by them assume. On coastlines that are retreating, the effectiveness of such
defences is continually being reduced while the potential negative impacts caused by the
defence often increase. A typical process, over a yearly to decadal timescale, in a general
sense, is summarised in Figure 6.8.This process is likely to be sped up by climate change.
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Typical timeline of the protection provided by, and effects of, ad hoc coastal defences on an eroding
coastline (and to a certain extent, engineered coastal defences).

Unless — or even if — there are specific rules in regional and district plans (Box 6.5) that
control the use of coast protection works, there will continue to be considerable pressure on
councils to consent protection structures — particularly in the aftermath of storm events
where retreat or inundation has occurred. There is a temptation to use coastal protection
works as a short-term measure to ‘buy some time’ (to permit more long-term options to be
explored and implemented); but in reality, once defence works are in place, it is extremely
difficult to then remove them. lllegally constructed defences present a similar problem.
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Box 6.5: Hard protection works to become non-complying activities in Whakatane District

Whakatane District Council is currently undertaking a variation to the district plan to better manage
coastal hazards in the Whakatane District. As part of the variation, hard protection works to protect
private or public land anywhere in the defined coastal erosion risk zone (to 2100) are classified as

non-complying activities. For public roads, ‘protection’ is classified as a restricted discretionary
activity, as are ‘softer’ protection options such as beach nourishment and ‘sand sausages’. The
provisions have resulted in considerable community concern; the district council, with support from
Environment Bay of Plenty, have been working through these concerns with the communities. As
part of this process, the council commissioned an assessment of the economic costs and benefits of
the proposed variation as required under section 32 of the RMA.

There are locations where ongoing coastal protection is a long-term option (typically in
highly developed urban areas with a long history of coastal protection). Regional and
district plans can strategically identify where ‘hold the line” options may be appropriate,
and make hard protection works a prohibited activity outside these areas: this would send a
clear signal about where such measures are acceptable and, more importantly, where they
will not be considered.

and involve considerable
owners. Yet the

The introduction of such measures can be difficult for counc
controversy and litigation, particularly with front row prg
complications that arise from not managing coastal de ent and protection works are
far more complex and expensive in the long run.”2¥@iMple ing such measures, the
council can reduce much of the wider c mmunlt oncefg By providing good information

and participation processes. Acce 8 me@es however, will never be
\\<°

universal.

6.6  Building comfa%s a con@q

Section 71 of the Bung Ac @ and city councils to refuse a building
consent if the fo da S: the is sug t to one or more natural hazards; or the
building work is likely tg eler Mo S result in a natural hazard on that land or any

other property — unl eq rovisi made to protect the land or restore the
damage. % H@

However, db\sect &51 U|Id|ng Act, district and city councils must issue
building ntg d that 1¥at risk from coastal hazards, or any other hazard, provided
that t Idin plies with the Building Code and that the building itself does not
acc@e or en or extend the hazard to another property.

Under the Building Act, Land Information Memoranda (LIMs) and Project Information
Memoranda (PIMs) " are key elements in providing known site and hazard risk information
to someone interested in a particular piece of land. Their purpose is to help individuals
decide for themselves whether to proceed with a purchase of land or development. A
LIM™ is prepared by the council on request: it is based on all the information a council
holds about a piece of land and generally provides a more up-to-date and detailed source of
hazard information than will be contained in a district plan. LIM information needs to be
periodically updated by district and city councils when new hazard information comes
available; the information provided by the LIM may become the basis for liability actions
(see section 4.3).

2 Dahm 2007.

® A PIM is a summary of all the information a council holds in relation to a particular project
associated with a piece of land, and outlines all other consents required to complete the project.

LIMs are issued under the Local Government Official Information and Meetings Act 1987
(section 44A).
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The purpose of the Building Act is to ensure the safety and integrity of a structure during its
construction and subsequent use, and district councils can exercise some judgement about
whether to allow a subdivision or development. The RMA process is important because the
outcome of it will generally decide whether a building can be sited in the relevant area in
the first place. The Building Act (specifically sections 72 and 73) is particularly important
where coastal (or other) hazards are discovered after titles have been created, or even after
development is already established.

6.7 Non-statutory and other supporting measures

There are a range of other tools and techniques that can be used to support the main
statutory measures for managing coastal hazard risks, to promote awareness and
understanding among the public, and to provide integrated and effective coastal
development. Their use will vary between regions and include™ the following:

o Coastcare initiatives may be supported in regional and district plans and be
allocated funding support in annual plans. Such programmes have proven to be
highly successful in enhancing the buffer provided by the natural dune system and
are an effective way of empowering communities an%msmg their awareness of
coastal hazard issues.

e Structure plans and growth strategies prow% for integrated urban growth:
they can be used to avoid development an stru being located in areas
prone to coastal hazards. They kgve n ffe their own right to ensure this
happens, unless they beco %t of ch as an RMA plan (which often
occurs).

o Design guidelines pr e gcg( actl r matters such as subdivision layout,
development Iocau\1 gn guidelines can be used to avoid
tlal

and reduce th ct 01\"@ tal ds on structures, and also facilitate
emergency éA rou 5|gn r evacuation (eg, in areas at risk from
tsunaml | atlo ga%@y ha&;«no legal effect unless incorporated into a
RMA plan. ’b \Q

e Communit; ssue d st ies can provide long-term direction for, and
identifica Qvange ues relating to coastal development. Often
develoéd inc tatier@ith communities, they are not statutory but are generally
us eedhfdp regiond¥and district planning. An example is the Mana Whenua

a Mogr’paper developed by the Mana Whenua Reference Group as part of the
ew uth District Coastal Strategy.”®

o Iwi management plans or other documents identify important issues relating to
Maori. Any relevant planning document recognised by an iwi authority and lodged
with the territorial authority needs to be taken into account in RMA planning
documents and consent processes.

o Financial measures can be provided by the council (eg, rating relief or grants —
which may include land management agreements), by other organisations such as
Queen Elizabeth Il National Trust (encouraging rural landowners to maintain
undeveloped coastal areas and/or to assist with land management for conservation
purposes), or by the government (through reserves).

™ Adapted from MfE (2008b, 2008c) and Peart (2005).

® Available from: www.newplymouthnz.com/NR/rdonlyres/D085B4C4-F872-49C0-91D7-
C3CFACE456D0/0/ManaWhenuaManaMoana2006.pdf (30 June 2008).
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6.8 Risk transfer — managing residual risk

Risk-avoidance and risk-reduction measures will never completely remove coastal hazard
risks. Managing the component of risk that is left over, the residual risk, usually involves
transferring that risk. This typically means living with and accepting this residual risk, and
dealing with any associated consequences via emergency management and insurance
arrangements.

6.8.1 Emergency management

Emergency management under the Civil Defence Emergency Management (CDEM) Act
2002 primarily focuses on the safety of people, property and infrastructure in an
emergency. It puts an emphasis on readiness, response and recovery (risk reduction being
the fourth component). The CDEM Act also requires a risk-management approach be taken
when local government deals with hazards, considering both the hazard aspects and the
resulting consequences.

Risk reduction is one of the four key components of the CDEM framework but it has
generally been given less emphasis than the three other compgnents in the first generation
of CDEM Group Plans. This lack of emphasis has been r ised, along with the need for
much closer integration between the CDEM framewor % egional policy statements, and
regional and district plans prepared under the RM Upcn\nglng reviews of regional
policy statements and associated plans grovide anigpportu &\for planners to consider and
incorporate measures and actions fr@@&eir r ’s C%%(Group Plan into the regional
policy statements and plans and 8 rsa

\\@

6.8.2 Insurance

The approach of i ms n;ggNes sm the cost of hazard-induced asset
loss has, in the p reac Incfeﬁj insurance premiums and refusal of
reinsurance are b ng These can provide a disincentive for
asset investment Wlthl } —rls ard that have previously suffered financial loss.
This combmatl n extr ressure on councils to provide ‘protection’ against
the hazard. ura ppro oes not send a clear signal to property owners, as at-
risk are arily s % fected by insurance premiums, unless there have already
been ha even he past. Likewise, premiums are generally not targeted to the

affe(ej&rea oastal margin.

However, insurance companies are becoming increasingly proactive in hazard risk
management and are working in partnership with councils to identify sustainable options
for mitigating hazard risks (Box 6.6). Such an approach has been adopted in the
Coromandel in response to developing sustainable options for mitigating river flooding. It
is likely that insurance companies will take a greater role in future coastal hazard risk
management, including for hazards induced by climate change effects.

Whilst insurance could be an efficient market-based economic tool to distribute and reflect
actual risk for coastal properties, it does not necessarily reflect long-term changes in risk.
Its efficient application may require intervention and collaboration between councils and
insurance companies — and require detailed risk assessment information, at the property
level, much of which is currently not available.

" Saunders et al 2007.
®  Department of Conservation 2006.
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Box 6.6: Flood Liaison and Advice Groups — effective flood and coastal risk management in
Scotland

Flood Liaison and Advice Groups (FLAGs) address fluvial flooding, coastal flooding and erosion.
They now cover 98% of Scotland and have made substantial progress in virtually eliminating new
building in flood and coastal hazard areas. The first of these groups was set up in 1995.They involve
all statutory and relevant non-statutory organisations with interests in flood and coastal hazard
management, to provide advice on planning and flood alleviation measures and insurance.
Specifically, FLAGs have brought together planners, building control officers and the insurance
industry to assess development issues in hazard areas in a non-confrontational, collaborative and
‘joined-up thinking’ approach. The success of the FLAGs has been recognised by the Scottish
Executive: that recognition is encapsulated in a policy that every local planning authority should
establish or participate in such a group.

While flood insurance becomes more difficult and costly to obtain in the UK, areas with FLAGs are
experiencing fewer insurance problems.

Source: Crichton 2005a, 2005b.

6.9 Monitoring changing risk

Section 35 of the RMA delegates councils the responsibili .gathering information and
undertaking or commissioning research to the extent n y to carry out the Act’s
functions. Such research also needs to be made avaj to the public. Under the same
section, councils are also responsible foy monitori e st the whole (or any part of)
the environment ‘to the extent that i@prog{h@e toe the local authority to
effectively carry out’ its responS|b&

In terms of managing coast ard @nn&pproaches need to have measurable

outcomes to ensure that t IVIt being undertaken are effective.
Several regional counc' re no e and monitor how coastal hazard
risk is changing. In eral s |nd| itoring risk need® to

e Dbe policy ant

e provide infor on wq\wlde@g{s can be made
&ﬁ that%a be c

be based tently gathered and consistently interpreted
be sim d eas nde Qo

ber d wi significant additional cost
mpgaé over the area under study.

The%fus of tése indicators is the landward component of the coastal environment, ie, that
which is impacted by coastal hazards. Particularly in a context of a changing climate,
monitoring the drivers of coastal hazards (eg, sea levels, waves) and the magnitude of the
hazards themselves (eg, beach profiling) is also important: it can help identify which
aspects are due to natural climate variability and which are due to climate change.

™ Pparagraph adapted from MfE (2008a).
8 MfE 1996.
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Box 6.7:  Monitoring coastal hazard risk in the Bay of Plenty

Environment Bay of Plenty has investigated, developed and trialled a quantifiable process of
monitoring coastal hazard risk in support of its Regional Coastal Environment Plan objective of No
increase in the total physical risk from coastal hazards. The process began in 2003 with the
development of a set of proposed indicators and a pilot trial of the indicators to assess whether they
were workable. This process proved useful as it was found that there were some difficulties with
collating the data required for the indicators and many were found to be too complex.

The seven core coastal hazard risk indicators that were subsequently adopted are:
identifiable and/or identified coastal hazard zones that have been included on district planning
maps
district rules that support those hazard zones and that are aimed at not increasing the physical
risk of coastal hazards (eg, no subdivision rules and building setbacks)

administrative or district plan policies that ensure that any building within the coastal hazard
zones is subject to controls to mitigate risk, such as relocatability and relocation management
plans

average building set back for the most seaward residential dwellings on residential lots in coastal
hazard zones from the year 2000 datum for toe of foredune survey line

number of residential dwellings in the coastal hazard zones at the date of the most recent aerial
photography

number of residential lots in coastal hazard zones from the di%i*al cadastral database (DCDB) at
a date close to the most recent aerial photography

percentage of new residential dwellings within coasta: hezard znn2s subject to resource consent
with building relocation conditions.

Sources: Hill Young Cooper and Eco Nomus 2003, Gurdon aaa Fraser 2005; Gordon 2006.
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7 Further Resources

7.1 Climate change
Intergovernmental Panel for Climate Change (IPCC) Fourth Assessment Reports:

e The Physical Science Basis. Contribution of Working Group 1. ‘Summary for
Policymakers’ and the full report are downloadable from:
ipcc-wgl.ucar.edu/wgl/wgl-report.html (23 April 2008).

e Climate Change Impacts, Adaptation and Vulnerability. Contribution of Working
Group Il. ‘Summary for Policymakers’ and the full are report downloadable from:
www.ipcc-wg2.org/ (23 April 2008).

o Mitigation of Climate Change. Contribution of Working Group Ill. ‘Summary for
Policymakers’ and the full report are downloadable from:
www.mnp.nl/ipcc/pages_media/AR4-chapters.html (23 April 2008).

o Climate Change 2007: Synthesis Report. ‘Summary fqr Policymakers’ and the full
report are downloadable from: www.ipcc. chhpccre&?xlam syr.htm (23 April

2008).
’b
New Zealand guidance: (\}\ (’\&'
e Ministry for the Enwronmen ge Effects and Impacts

Assessment. A Gmdance aI c ment in New Zealand. 2nd

Edition. Prepared by !\&an B, .S (NIWA); S, Allan S, Morgan, T
(MWH New Zealan W|se Consulting) and MfE. Available
|o

from: www.mfe.ge®b z/ n at mate -change-effect-impacts-
assessments- méf%/ (30 ?\'

. Ministry nmen 7d Ferarlng for Climate Change. A Guide for
Local Go New and Number 534. Available from:
www.mfe. g gﬁmns/c te/preparing-for-climate-change-
qu04/|nd (23

New Zealandrbbllcath&’ Q/

an- ston J, Schwass M (eds). 2006. Confronting Climate Change.
IC¢ es for New Zealand. Victoria University Press: Wellington. 336 p.

e Renowden, G. 2007. Hot Topic. Global Warming and the Future of New Zealand.
AUT Media: Auckland. 203 p.

New Zealand websites:

e Ministry for the Environment:
o General climate change info: www.mfe.govt.nz/issues/climate/ (23 April 2008).

o Impacts of and adaptation to and/or preparing for climate change:
www.mfe.govt.nz/issues/climate/adaptation/index.html (23 April 2008).

o Mitigation and/or reducing your emissions; climate change solutions:
www.climatechange.govt.nz/index.shtml (23 April 2008).
o NIWA National Climate Centre:

o Information on the science being conducted to better understand climate
variability and change in New Zealand: www.niwascience.co.nz/ncc (23 April
2008).

¢ Quality Planning website (Climate change):

o www.qualityplanning.org.nz/gp-library/index.php?browse=subject&subjectid
=307#Climate+change (23 April 2008).
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7.2

The New Zealand coast and coastal hazards

Recent publications and guidance:

Goff JR, Nichol SL, Rouse HL. 2003. The New Zealand Coast. Te Tai O
Aotearoa. Dunmore Press and Whitirea Publishing: Wellington. 312 p.

Dahm J, Jenks G, Bergin D. 2005. Community based dune management for the
mitigation of coastal hazards and climate change effects. A Guide for Local
Authorities. Available from: www.envbop.govt.nz/media/pdf/Report_
Coastalhazardsandclimate.pdf (8 July 2008).

Department of Conservation. 2006. Review of the New Zealand Coastal Policy
Statement. Issues and Options. Department of Conservation: Wellington. 83 p.
Available from: www.Ignz.co.nz/projects/NZCPS/DOC_CPS_Final.pdf (23 April
2008).

Jacobson M. 2004. Review of the New Zealand Coastal Policy Statement 1994 —
Coastal Hazards. A review of the effectiveness of the NZCPS in promoting
sustainable coastal hazard management in New Zealand. Report prepared for The
Minister of Conservation (unpublished). 121 p. .

Rossier J. 2004. Independent review of the New Zﬁénd Coastal Policy Statement.
A report prepared for the Minister of Conservatj published). Available from:
www.doc.govt.nz/upload/documents/conserwgi @qg -and-coastal/coastal-
management/nzcps-review- 2004 df (23 Aweil 200

Turbott C, Stewart A. 20 nag rea @ coastal hazards: Options for
implementation. EnV|ro Techq al Report 2006/048. Environment
Waikato: Hamilton. 8 e fro

WWW.EW.gOoVt. nz/p atl por 5I\r0648 .htm (23 April 2008).

Websites: Qe ’OQ ’Z} Q'X'

7.3

Quality P te ( - www.qualityplanning.org.nz/qp-
library/index.p $oro Jec jECtId 298&keywordid=24049#
HazardsCoa q@

an @pta@n

Publlc@@s an ance:

Standg?s New Zealand. 2004. AS/NZS4360:2004 (Risk Management).

Centre for Advanced Engineering. 2004. Planning for Natural Hazard Risk in the
Built Environment. Centre for Advanced Engineering, University of Canterbury:
Christchurch. 52 p.

Allen Consulting Group. 2005. Climate change, risk and vulnerability. Promoting
an efficient adaptation response in Australia. Report to the Australian Greenhouse
Office, Department of the Environment and Heritage. Allen Consulting Group:
Canberra. 159 p.

Websites:

Ministry for the Environment: Resources and guidance for local government to aid
adapting to a changing climate: www.mfe.govt.nz/issues/climate/resources/local-
govt/index.html (23 April 2008).

Quality Planning website: Natural hazard guidance note. (In prep.) Available 2008
from www.qgp.org.nz/
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7.4 Coastal development

Publications and guidance:

e Peart, R 2005. The Community Guide to Coastal Development under the Resource
Management Act 1991. Environmental Defence Society: Wellington. 155 p.
Available from: www.eds.org.nz/shop/publication/3.htm (23 April 2008).

Websites:

e Quality Planning website: Coastal development guidance note. (In prep.) Available

2008 from www.qp.org.nz/
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9 Glossary

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

Adaptive capacity The ability of a human system or ecosystem to: adjust or respond to
climate change (including both variability and extremes); moderate
potential damages; take advantage of new opportunities arising from
climate change; or cope with and absorb the consequences.

Adaptive responses  See Adaptation to climate change.

Aerosols A collection of airborne solid or liquid particles, with a typical size
between 0.01 and 10 microns, which reside in the atmosphere for at
least several hours. Aerosols may be of either natural or
anthropogenic origin.

Anomaly A difference from the long-term average climate (eg, of a climate
element). For example, the EI Nifio symmer rainfall anomaly is the
difference between the rainfall ave%d over summers when El Nifio
conditions are present and the rp§m averaged over all summers.

Anthropogenic Produced by human being@sul&l&om human activities.
Anthropogenic Emissions fmhgﬁle ase @enhouse gas precursors and
emissions aerosols iate hun@&\ctivities. These activities include
burnri?eu sil fueldTor en , deforestation, and land-use changes
thal ti in @ in g{nissions.
G 0 N

AOGCM QQerony%Qbr atn%sphere—@n general circulation model.
AR4 C—)Q Ac&?m fngegthre aﬁme IPCC Fourth Assessment Report,

A0 X AS)
Atmosphere—oce{?(b Ac rehen@“-e(zlimate model containing equations representing
0 tk@%éh

general circulag aviQ@pof the atmosphere, ocean and sea ice and their
model (AOQ ) c@é‘

eral
R
N\~ A simple mathematical relationship that states: as sea-level rises, the

Bruun 0
(J (9 shoreface profile moves up and back while maintaining its original
shape.
Carbon dioxide A naturally occurring gas, also a by-product of burning fossil fuels.
(CO,) It is the principal anthropogenic greenhouse gas.
Carbon dioxide Carbon dioxide equivalent concentration is used to compare the

equivalent (CO,-e)  effect from various greenhouse gases. It is the concentration of CO,
that would cause the same amount of radiative forcing as a given
mixture of CO2 and other greenhouse gases. Source: IPCC 2007a

City and district The management bodies of territorial authorities, of either
councils predominantly urban or predominantly rural character.
Climate The ‘average weather’, over a period of time ranging from months to

thousands or millions of years. The classical period for calculating a
‘climate normal’ is 30 years.

Climate change A statistically significant variation in either the mean state of the
climate or in its variability, persisting for an extended period
(typically decades or longer).

Coastal Hazards and Climate Change: Guidance Manual 2008 87



Climate model A numerical representation (typically a set of equations programmed
into a computer) of the climate system. The most complex and
complete climate models are known as General Circulation Models
(below).

Climate prediction  An attempt to provide a most likely description or estimate of the
actual future evolution of the climate.

Climate projection A potential future evolution of the climate in response to an emission
or concentration scenario of greenhouse gases and aerosols. Often
based on a simulation by a climate model.

Climate system The interacting system comprising the atmosphere, hydrosphere
(liquid water in lakes, rivers, seas, oceans), cryosphere (snow, ice,
permafrost), land surface and biosphere (ecosystems and living
organisms) that determines the earth’s climate.

Climate variability ~ Variations of the climate (eg, of the mean state, standard deviations
and extremes) on all temporal and spatlal scales beyond those of
individual weather events. Q/'

Coastal accretion A long-term trend of shoreline a e and/or gain of beach
sediment volume over sever. adesy In many cases, accretion is
beneficial and creates a buffe gan@u ure coastal hazards.

Iln%@at and/or loss of beach sediment

Coastal erosion A long-ter md of

volume g ever cade back’ is a more suitable term for a

dynam sho e to describe the temporary loss of
IQ'O|U @e ret at during a storm (before the volume
eple %ed Qnsumgy eks and months).

Coastal margin QQA |cand Iar@%vwoﬁh)ents that are potentially affected by
c‘) Z’KS incl g the long-term impacts of climate change,
hich o(& any dune or cliff system is a significant

A?eméq Qr part

includes the coastal marine area.

Coastal I\/Iarm\ Qg/area ??he foreshore and seabed of which the seaward boundary
Area (CI\/IA)\' its of the territorial sea (12 nautical miles) and the
Iand boundary is the line of mean high water spring, except

O Q\ where that line crosses a river. There, the landward boundary is
(/ (9 whichever is the lesser of: 1 kilometre upstream from the mouth of
the river, or the point upstream that is calculated by multiplying the
width of the river mouth by five. (Resource Management Act 1991).

Consent notice A condition on a subdivision consent, under section 221 of the
Resource Management Act 1991, which must be complied with on a
continuing basis by the subdividing owner and any subsequent
owner. A consent notice is issued by a territorial authority and is
deemed to be an instrument creating an interest in the land and a
covenant on the land.

Downscaling Deriving estimates of local climate elements (eg, temperature, wind,
rainfall), from the coarse resolution output of global climate models.
Statistical downscaling uses present relationships between large-scale
climate variables and local variables. Nested regional climate
modelling uses the coarse resolution output from a global climate
model to drive a high resolution regional climate model.
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El Nifio A significant increase in sea surface temperature over the eastern and
central equatorial Pacific that occurs at irregular intervals, generally
ranging between 2 and 7 years. Associated changes occur in
atmospheric pressure patterns and wind systems across the Pacific.
These can lead to changes in seasonal rainfall and temperature in
parts of Australia and New Zealand.

El Nifio Southern Term coined in the early 1980s in recognition of the intimate linkage

Oscillation (ENSO)  between EI Nifio events and the Southern Oscillation, which, prior to
the late 1960s, had been viewed as two unrelated phenomena. The
interactive global ocean—atmosphere cycle comprising EI Nifio and
La Nifa is often called the ‘ENSO cycle’.

Extreme weather An event that is rare at a particular place. ‘Rare’ would normally be
event defined as rare as or rarer than the 10th or 90th percentile.
ENSO Acronym for El Nifio-Southern Oscillation.

General Circulation A global, three-dimensional computer model of the climate system,

Model (GCM) which can be used to simulate the general circulation and climate of
the atmosphere and ocean, and par@%rly human-induced climate
change. GCMs are highly comp§~ d they represent the effects of

such factors as reflective a rptivé properties of atmospheric
water vapour, greenhouse onc

tions, clouds, annual and
daily solar ha@% ocgalllempe
include gloas epres ion

s and ice boundaries. GCMs
he atmosphere, oceans and land

surfaceb Q}
&ﬁ %
GCM Acrc&'n f% er@cul n Model or Global Climate Model.

Global Climate &e sam&% Ge | CIF@ on Model.

Model (GCM) c_)

Global surface fﬁe glonYface@gﬁerature is the area-weighted global average of:
temperature \2\’6 (0] e se @ace temperature over the oceans (ie, the subsurface
bul perature in the top few metres of the ocean), and

/b%\ i) @surface—air temperature over land at 1.5 m above the
6 ground.

o\
Gloga-}'warmcﬁ Generally used to refer to the rise of the earth’s surface temperature
predicted to occur as a result of increased emissions of greenhouse
gases.

Greenhouse effect ~ An increase in the temperature of the earth’s surface and the lowest
8 km or so of the atmosphere, caused by the trapping of heat by
greenhouse gases. Naturally occurring greenhouse gases cause a
greenhouse effect at the earth’s surface of about 30°C. Further
temperature increases caused by anthropogenic emissions are termed
the enhanced greenhouse effect.

Greenhouse gases Gases in the earth’s atmosphere that absorb and re-emit infrared
(heat) radiation. Many greenhouse gases occur naturally in the
atmosphere, but concentrations of some (such as carbon dioxide,
methane and nitrous oxide) have increased above natural levels
because of anthropogenic emissions.

Hazard A source of potential harm to people or property. Examples are coast
erosion or inundation. Note a hazard does not necessarily lead to
harm or damage.
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Interdecadal Pacific

Oscillation (IPO)

Intergovernmental
Panel on Climate
Change (IPCC)

IPCC
IPO

Kaitiakitangi

Kyoto Protocol

La Nifa

co?’

Lifelines

Limitation
adaptations

Low-regrets
adaptations

LTCCP

A long timescale oscillation in the Pacific Ocean—atmosphere system
that shifts climate every one to three decades. The IPO has positive
(warm) and negative (cool) phases. Positive phases tend to be
associated with an increase in El Nifio, and negative phases with an
increase in La Nifia events.

The body established in 1988 by the World Meteorological
Organisation (WMO) and the United Nations Environment
Programme (UNEP) to objectively assess scientific, technical and
socioeconomic information relevant to understanding the scientific
basis of risk of human-induced climate change, its potential impacts
and options for adaptation and mitigation.

Acronym for Intergovernmental Panel on Climate Change.
Acronym for Interdecadal Pacific Oscillation.

Stewardship, or the awareness of and care for natural and cultural
resources, according to customary principles.

The Kyoto Protocol to the United {ons Framework Convention on
Climate Change (UNFCCC) wa ted at the Third Session of the

Conference of the Parties ( the,QNFCCC, in 1997 in Kyoto,
Japan. It contains legally inghing c |tments on countries

included i |n B of the Protg ost OECD countries and some
others) tor the @c greenhouse gas emissions to
some (e ble) e be 990 levels in the commitment period
2008 12. \\

entc trles |ff££gt targets to achieve. New Zealand’s
t duc \{s gree e gas emissions to the level they were

0 n 19 rtak ons for excess emissions. Negotiations are

der w@o Qer commitments for developed countries
erth ol.

\2\@ Asj ?ﬁflcant @goase in sea surface temperature in the central and

rial Pacific that occurs at irregular intervals, generally
@ngln een 2 and 7 years. La Nifa is the cool counterpart to the

6®EI Nifio Warm event, and its spatial and temporal evolution in the

(,)0

equatorial Pacific is, to a considerable extent, the mirror image of El
Nifo. Like El Nifio, there are associated changes in atmospheric
pressures and wind systems across the Pacific, and related changes
can occur in temperature and rainfall in parts of Australia and New
Zealand.

Key networks for communication and survival during emergency
conditions, including connected links and operating facilities in
electricity, telecommunications, roading, water supply and
wastewater systems. They may also include key emergency services
such as ambulance, fire and civil defence services, and facilitates
such as hospitals and medical centres.

Adaptations aimed at lessening or minimising the consequences of
the most adverse effects of climate change as they arise over time.

Low-cost policies, decisions and measures that have potentially large
benefits.

Acronym for Long-term Council Community Plan.
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Mean High water Mean high water spring is traditionally the level of the average spring

Spring (MHWS) tides just after full or new moon. In central-eastern regions, a
‘pragmatical” MHWS or perigean-spring tide level (MHWPS) is a
better hazard measure of upper-level high tides than the traditional
MHWS, because the spring-neap effect is weak.

Mean Level of the  The actual level of the sea over a certain averaging period (days,

Sea (MLOS) weeks, years, decades) after removing the tides (not to be confused
with mean sea level or MSL, which usually refers to a set vertical
survey datum).

Mean Sea Level Mean sea level survey datum generally set down in the 1930s to

(MSL) 1950s for different regions. Because of the sea-level rise since then,
MSL datum values around New Zealand are usually several
centimetres below the current mean level of the sea.

Mitigation Activities undertaken to reduce the sources or increase the sinks of
(of climate change)  greenhouse gases.

of New Zealand recognisable char These qualities may be
ecological, physical, spiritual, )b@r or aesthetic in nature, whether
modified or managed or no QN X

Natural hazard Any atmosp r eart@or atggélated occurrence (including

earthquakeMsOviami, % ion, nic and geothermal activity,
Iandsll &den di ion, wind, drought, fire or flooding),

the a vgf?n adve affects or may adversely affect human
per h ctsﬂ‘the environment. (Resource
age ct i\

Natural variabili QQ\I igegfﬂop Emc cli f\evarlabllltythat may be irregular or quasi-

Natural character The qualities of the coastal environm?t,that together give the coast

-Sou n Oscillation is probably the best-known
fP? a nat oscnlatlon of the climate system, but there are
anfq ges caused by volcanic eruptions and solar

\2\ v%@lons c S0 be considered ‘natural’.
No- regretsc)’&,rb 6 <f\hose @ptatlons that generate net social, economic and

adaptatl environmental benefits whether or not there is anthropogenic climate
(/ (9 change, or adaptations that at least have no net adverse effects.
Percentile Used to give an observed value a ranking within the historical record.

For example, only 5% of observations lie below the 5th percentile (ie,
the coldest 5% of the temperature record) and 5% of observations lie
above the 95th percentile (ie, the warmest 5% of that record).

Regional Climate A climate model that is run at high resolution over a ‘region’ (eg, the

Model (RCM) eastern part of Australia, Tasman Sea plus New Zealand) to describe
climate at the regional scale. RCMs are typically driven with data
from Global Climate Models, which run at lower resolution and
therefore do not accurately simulate, for example, the effects of the
Southern Alps on New Zealand’s climate.

Regional councils Constituted under the Local Government Act 2002 with the functions
and responsibilities that relate to defined local government regions.

Relative sea level Sea level measured by a tide gauge with respect to the land upon
which it is situated. Mean Sea Level (MSL) is normally defined as
the average relative sea level over a period, such as a month or a
year, long enough to average out transient fluctuations such as waves.
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Return period The average time period between repetition of an extreme weather
event, such as heavy rainfall or flooding, in a stationary climate (that
is, a climate without global warming or other trends). In the case of
rainfall, a return period is always related to a specific duration (eg,
50-year return period of 24-hour extreme rainfall).

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

RPS Acronym for Regional Policy Statement — a mandatory policy
statement prepared under the RMA by a regional or unitary council.

Scenario A plausible and often simplified description of how the future may
develop, based on a coherent and internally consistent set of
assumptions about key driving forces.

Sea-level rise Trend of annual mean sea level over &;Lescales of at least three or
more decades. Must be tied to one e following two types: global
—overall rise in absolute sea le e world’s oceans; or relative —

net rise relative to the local ass&qgt may be subsiding or being
uplifted).

N o &
Significant wave The averaggheight oi#e hig@e—third of waves during a short
height recordi é{krvgl@p cally {020 minutes). Generally, considered
ha ined

the h%&! @q ver would report for a given sea state.
SOl %{%ym @ou%e(ﬁg)scm{t}\)n Index.

Southern oscillatE)QQ\ I&l&é@ear I@titucﬁ\s@esaw in sea level pressure, with one pole

in astan@acifi JRd the other in the western Pacific/Indian
an regiorl. ThigyTessure seesaw is associated with a global
,b'\,patte @ atm ric anomalies in circulation, temperature, and
pre@itatiorb@s opposite extremes are the El Nifio and La Nifia
ts

2 2
Southerry?(') . &An index calculated from anomalies in the pressure difference
OsciHaQy Ir@g‘& between Tahiti and Darwin. Low negative values of this index

(SO correspond to El Nifio conditions, and high positive SOI values
coincide with La Nifia episodes.

SRES scenarios A set of greenhouse gas and aerosol emissions scenarios developed
in 2000 by Working Group 111 of the IPCC and used, among others,
as a basis for the climate projections in the IPCC’s 2001 Third
Assessment Report.

SST Acronym for Sea Surface Temperature (see Global surface
temperature).

Storm surge The temporary excess above the level expected from the tidal
variation alone at a given time and place. The temporary increase in
the height of the sea is caused by extreme meteorological conditions
such as low atmospheric pressure and/or strong winds.

Storm tide The total elevated sea height at the coast above a datum during a
storm combining storm surge and the predicted tide height. Note that
wave set-up and wave run-up need to be added to the storm tide level
at any locality to get the final storm inundation level.
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Sustainability

TA

Territorial
authorities

Unitary authorities

United Nations
Framework
Convention on
Climate Change
(UNFCCC)

Wave run-up

Wave set-up

Weather generator

")0

8"

6fﬁ: m%temperature).
N\

‘... development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs’ (Bruntland Report, Our Common Future, Report of the World
Commission on Environment and Development 1987).

Acronym for Territorial Authority.

Constituted under the Local Government Act 2002, comprising city
and district councils and (for some functions) unitary authorities.

Territorial authorities that also have regional council responsibilities.

The Convention was adopted on 9 May 1992 in New York and
signed at the 1992 Earth Summit in Rio de Janeiro by more than

150 countries and the European Community. Its ultimate objective is
the “stabilisation of greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference
with the climate system’. It contains commitments for all parties.
Under the Convention, parties included in Annex | aim to return
greenhouse gas emissions not controlled, by the Montreal Protocol to
1990 levels. The convention enterq@%o force in March 1994. See
also Kyoto Protocol. ,bQ

The ultlmate height reache \?wav &form or tsunami) after

running up t ch an@oastal er (see also wave set-up).
The supe atio ater | across the surf zone caused by
energ r waves (see also wave run-up).
er g ators uce /I}{tlple time series of numbers with
|st|c operfigs, rese those of historical weather records.
he most'com weath@p generators produce output representing
ita of imum and minimum temperature, rainfall and
ter I’adl([ mbers preserve observed characteristics such
S pe nce perature (eg, one hot day is often followed by

as inter-relationships (eg, wet days tend to have
iation and lower maximum temperature but higher

ano@er , S
rs
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10 Appendix 1: Relevant legislation

Disclaimer: This appendix has been prepared for the Ministry for the Environment
by external contractors, as noted on the verso of this document’s title page. To the
extent that this Guidance Manual deals with legal matters, it does not necessarily
represent the views of the Ministry for the Environment; readers should not rely on
it as legal advice.

10.1 Resource Management Act 1991

The Purpose (section 5(1)) of the Resource Management Act 1991 (RMA)* is to promote
the sustainable management of natural and physical resources. The RMA imposes a
hierarchy of planning instruments (Figure A1.1) for:

managing the use, development, and protection of natural and physical resources in
a way, or at a rate, which enables people and communities to provide for their
social, economic, and cultural well-being and for their health and safety.

.

The Act requires particular attention be paid to avoiding, r ying or mitigating the actual
or potential adverse effects of activities on the environ ection 5(2)).

The RMA recognises the special S|gn|f|cance of tt@asta &ronment in Part Il (Purpose
and Principles) and various other se of th ct as as through the mandatory
New Zealand Coastal Policy State e (NZ 56-58). Regional policy
statements and regional and di lan t be %red to give effect to the Act and the
NZCPS. While there is no Nic p, Q;q\ ct itself that deals with coastal
management and coastal h ct stipulated for the regional and
district councils reqmr %lda n %@ral hazards. Coastal hazards are
clearly a subset of n haza'é}

Some relevant prcalples@scnbéslg th\@& for achieving the purpose of the Act

include:

. recogmsm%@ pr sSng f »Qﬁt(;ters of national importance’ (section 6), such as:
eserv.

(@ Th of th ural character of the coastal environment (including
the al e are@ (b) The protection of outstanding natural features and
capes {bm inappropriate subdivision, use, and development; (d) The
Q@alnt ¢ and enhancement of public access to and along the coastal marine
area, “and (e) The relationship of Maori and their culture and traditions with
their ancestral lands, water, sites, waahi tapu, and other taonga;

e having particular regard to ‘Other matters’ (section 7), such as: (a) Kaitiakitanga
(the ethic of stewardship); (c) The maintenance and enhancement of amenity values;
(9) Any finite characteristics of natural and physical resources; and (i) The effects of
climate change.

The latter principle, which states that particular regard must be given to the effects of
climate change (section 7(i)), came into effect on 2 March 2004 as a result of the RMA
(Energy and Climate Change) Amendment Act 2004 (2004 No. 2). This amendment has
relevance to the increasing need to plan for the effects of climate change that can
exacerbate coastal hazards and also the effects of adaptation measures put in place to
protect natural and physical resources at the coast to alleviate the risks from climate change.

1 Consolidated RMA at: www.legislation.govt.nz/act/public/1991/0069/latest/DLM230265.html?
search=gs_act_resource+management_resource__ac%40acur&sr=1 (23 April 2008).

2 Refer to sections 30 (1)(c)(iv), 30(1)(d)(v), 31(L)(b)(i).
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Under the RMA, regional (or unitary) councils are responsible for managing the effects of
activities within the ‘coastal marine area’ via a regional coastal plan, whereas territorial
local authorities are primarily responsible for managing activities on the landward side of
the coastal marine area through a district plan. Regional councils can also manage some
land uses through a regional plan. The coastal marine area is defined in the RMA
(section 2) as the foreshore, seabed, coastal water and air space above the water between:

e aseaward boundary (territorial sea limit, which is presently 12 nautical miles
offshore) and

e alandward boundary (the line of Mean High Water Spring (MHWS), except where
that line crosses a river — in which case it is generally upstream as determined by the
given criteria).

Note that this landward boundary moves somewhat with natural cycles of shoreline erosion
and accretion on sedimentary coasts (if not artificially constrained). However, as climate
change effects increase, the mean high water spring boundary will change more
extensively, with an increasing encroachment of land (brought about by sea-level rise) and
potential increasing erosion of vulnerable sedimentary coasts. Any dispute of where
MHWS lies requires a formal boundary survey to be undertaken.

Although this coastal delineation suggests a concise @%ent regime, coastal issues
invariably cross the landward jurisdictional bound he ce@stal marine area, and
thereby require an integrated management approa@ Inte management is
fundamental to the RMA and is speg@ly r ed u?%?tjlons 62(1)(b), 62(1)(i)(i),
65(3)(c), 67(2)(f) and 75(2)(f) The use of i nagement is reinforced in the New
Zealand Coastal Policy Stat nder r public consultation: March
2008), which applies to the tal ane d refers to both the coastal marine area
and the land adjacent to ast st codtal hills or prominent feature
(developed by case Iaw not WIS d@ﬁp Act).

The RMA requi at Ieﬁs;of aut y in a\,\ﬁon consult with each other (and with
adjacent regional and t al codacils preparing plans and regional policy
statements under the at th nsider the extent of consistency required

between plan orQ\rby sta&r%fsnt pr

There are SQ ey i |str|ct and regional plans give particular regard to the
effects o ate (as reqfuired by RMA section 7). These include:
@Qly r@al policy statements, district plans and regional coastal plans are
mand Although regional councils may prepare other plans to fulfil their
functions under RMA section 30, including those to control the use of land in

relation to natural hazards, such plans are not mandatory for land outside the coastal
marine area®

e an activity cannot occur within the coastal marine area unless there is a resource
consent or rule in a plan permitting it. This contrasts with most land-use activities
(RMA section 9), where an activity is permitted unless a rule controls or prohibits

* Therefore, it is critical that policies and particularly rules in district plans are
carefully constructed to achieve intended community outcomes for land use in the
coastal environment, in relation to the managing the effects of coastal hazards and
climate change

Section 65(3)(c) states that a regional council must consider the desirability of preparing a
regional plan where any threat from natural hazards is likely to arise.

Harris, R 2004. The coastal and marine environment. In: Harris, R (ed.) Handbook of
Environmental Law. Royal Forest and Bird Protection Society of New Zealand: [Wellington]
235-267.
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o even if controls on building in a hazard area are contained in district plan rules,
existing use rights generally apply to buildings constructed before the coastal hazard
rules came into effect providing the building was ‘lawfully established’ (RMA
section 10). Even when a building has been partially or completely destroyed by
coastal hazards or a new replacement is to be built for other reasons, ‘existing use
rights” usually still apply as long as the building is re-built on the same general
footprint. On the other hand, if controls on building in a coastal hazard area are
contained in a regional plan, then existing use rights should not be relied on to allow
reconstruction of the building.®> Section 20A also limits these rights when a new
regional rule becomes operative.®

The issue of hazard management within district and regional planning documents was
considered in the case of Canterbury Regional Council v Banks Peninsula District Council
[1995] 3 NZLR 189, [1995] NZRMA 452 (CA) in which McKay J. Court of Appeal noted:

Itis true, ... that natural hazard is not defined as being the consequence of the
occurrence, but as the occurrence itself which has or potentially has the adverse
consequence. What can be avoided or mitigated, however, is not the occurrence but
its effect. Neither in s 30 nor in s 31 are the words ‘effects of” used in connection
with “natural hazards’. This is for the simple reason th y would be otiose,” as
the definition of ‘natural hazard’ incorporates a refer%z effects. The word
‘effects’” would also be inappropriate in respect of (©)()-(iii). Itis
unnecessary and inappropriate to explain the ge bykeference to some subtle
distinction between the respectlve fupctions o |ona dncils and territorial
authorities.

It follows that the control of se of Q.tvmdance of [sic] mitigation of
natural hazards is within t e o nal councils and territorial
authorities. There will ubt e ca5| such matters need to be dealt
with on a regional bag an 5|0n ere not necessary, or where
interim or additig teps ken b terrltorlal authority. Any
controls imp

d b aI to t (Environment Court), and
ded B(Z)Q/

A regime for mana '\;?azeﬁ@n the tal environment works best when clear working
agreements have%gg statedl, in the @ronal policy statement, which clarify the regional
councils’ an itoria ér'espectlve responsibilities. Regulatory plans are the
main vehi r ng e of activities but councils are generally required to select
the most ctivg\%ﬂuent and appropriate methods to achieve the purpose of the RMA
(sec@&). (90

However, there is potential to improve the management of the coastal environment through
amending various planning instruments to formally recognise overlap and jurisdictional
exclusivity, and through reviewing daily activities. Some regional councils (eg,
Environment Bay of Plenty, Environment Canterbury) have extended the geographical
coverage of their coastal plan, called a ‘Regional Coastal Environment Plan’, by providing
policies and objectives to guide activities (eg, natural character, public access and hazards)
on land adjacent to the sea, as well as the coastal marine area. Environment Canterbury’s
Regional Coastal Environment Plan goes one step further as it also has rules that control
building and other activities within coastal hazard zones (or setbacks). These rules allow
existing uses to continue, but buildings damaged or destroyed by the action of the sea may
not necessarily be rebuilt as of right.®

inconsistenciesare p

McKinlay v Timaru District Council C 24/2001 — refer to chapter 11 (Appendix 2) for case notes.
See also the Court of Appeal case: Rodney Distict Council v Eyres Eco-Park Ltd (CA87/07).
‘Otiose’” means functionless.

Environment Canterbury. 2005. Regional Coastal Environment Plan for the Canterbury Region,
Report No. R04/13/1, November 2005. Available at: www.ecan.govt.nz/Plans+and+Reports/
Coast/ (23 April 2008).
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In these regions, regional rules for a coastal hazard zone are expected to have the long-term
effect of progressively rolling development back on a retreating shoreline — a managed
retreat approach somewnhat similar to that used in some states of the USA.°

10.2 The New Zealand Coastal Policy Statement

The New Zealand Coastal Policy Statement (NZCPS; gazetted in 1994) is a guiding policy
under the RMA (sections 56-58) for managing the coastal environment. The NZCPS is
required to be ‘given effect to” when district or regional plans are being drafted, and must
be given ‘regard to’ when decisions on resource consent applications are being made.
Regional policy statements, regional coastal plans and district plans must give effect to the
NZCPS (section 67(3) and 62(3) and section 75(3) RMA).

The NZCPS advocates a precautionary approach for decisions affecting the ‘coastal
environment’. It addresses the effects of activities on the coastal environment through a
number of guiding principles and specific policies. The policies highlighted below are
particularly pertinent to the assessment of response options to coastal hazards, including
sea-level rise, and other climate change impacts:

e Policies 3.2.1, 3.2.2, 3.2.4 — consider appro r
of the coastal environment

e Section 3.3 policies — address@preca@onary {Qs%ach towards proposed
activities
e Section 3.4 policies — r@%m@al @s and outline provisions for avoiding

or mitigating thelr

e Section3.5p b - for@wtenhq(?an@ancement of public access.

The NZCPSis c \% out folpublic consultation: March 2008). Hence,
any reference in this G%ﬁan aI t fIC policies may change as a result of this

review process

As part of the\ y @ed that the NZCPS has been effectively implemented
into reglonak' st@ @’onal policy statements, but only partially effective in
mfluenc istr ns and subsequent land-use planning decisions within the coastal
envi @1 nt. \A@l e the NZCPS has assisted management of subdivision and land-use

cha wnhﬁﬁhe coastal environment, there are some concerns about the degree to which
the principles and policies are reflected in the content of district plans and their
implementation. However, it was also acknowledged that there are other factors, beyond
the NZCPS, that determine land-use outcomes. The NZCPS alone cannot determine
sustainable management outcomes in the coastal environment. ™

e Policies 1.1.1 to 1.1.5 — address features and comg ts of natural character

bd;('smn use and development

®  Turbott, C, Stewart, A 2006. Managed retreat from coastal hazards: Options for implementation.

Environment Waikato Technical Report 2006/048. 89 p. Awvailable from:
www.ew.govt.nz/publications/technicalreports/tr0648.htm (23 April 2008).

Rosier, J 2004. Independent review of the NZ Coastal Policy Statement. Report to The Minister
of Conservation. Massey University: Palmerston North. 135 p.

Jacobson, M 2004. Review of the New Zealand Coastal Policy Statement 1994 — Coastal
Hazards. A review of the effectiveness of the NZCPS in promoting sustainable coastal hazard
management in New Zealand. Report prepared for The Minister of Conservation, February 2004.
121 p.

10
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10.3 National policy statements

National policy statements enable central government to prescribe objectives and policies
on resource management matters of national significance. Such statements guide
subsequent decision-making under the RMA at the national, regional and district levels.
National policy statements can, therefore, significantly affect resource management
practices in New Zealand.

The Minister of Conservation is required to prepare a New Zealand Coastal Policy
Statement, but other national policy statements (prepared by the Minister for the
Environment) are optional. National policy statements have broad scope. They can state
policies and objectives on any issue that is of national importance and that is also relevant
to promoting the sustainable management of natural and physical resources. Regional
policy statements and plans and district plans must give effect to all national policy
statements.

10.4 National environmental standards

RMA 1991. Standards can be numerical limits, narrative ments or methodologies that
are in a legally enforceable form. They may include ( not limited to) standards

relating to: (\}\ (’\&,
e land use A 2 <
« noise \Q \, ‘{Q
e contaminants
o water quality, Ievel QJ \\(Q
e air quality

e soil qualltym |onuﬁ=,d|s qf\/ tamlnants
andaIQs

e methods pIe ng su

National environmental standards are regulations made un%ﬁsections 43 and 44 of the

This means that each@ gk ﬁy or t counC|I must enforce the same standard. In

some circumsta oun%(J an i e stricter standards. There are national
envwonmental\ dards nd %Quallty and human drinking water sources.
X0
S e)’b

10. &w@@ Act 2004 and Building Regulations 1992

The Building Act 2004 addresses building work in the interests of ensuring the safety and
integrity of the structure through its construction and subsequent use. This focus is distinct
from that of the RMA, which addresses the effects of that structure (or any activity within
it) on the environment, and of the environment on that structure (or activity within it). The
Building Act is administered by the Department of Building and Housing™" through district
councils.

Under section 7) of the Building Act, a building consent authority must refuse to grant a
building consent for construction of a building, or major alterations to a building, if:

1. the land on which the building work is to be carried out is subject or is likely to be
subject to 1 or more natural hazards; or

2. the building work is likely to accelerate, worsen, or result in a natural hazard on that
land or any other property.

However, these conditions do not apply if the building consent authority is satisfied that
adequate provision is made to protect the land and building work from natural hazards
(section 71(2)). Natural hazards include coastal erosion and inundation from tides and
storm surge (section 71(3)).

™ http://www.dbh.govt.nz/building-index (23 April 2008).
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Buildings may require a land-use consent under the RMA (where a building: is located in
an area in which building needs to be controlled; breaches a permitted activity condition in
relation to bulk or location; or is associated with a type of activity not envisaged for a
particular area) as well as a building consent under the Building Act. If controls are
imposed under both the RMA and the Building Act, the more stringent control prevails. In
this regard, section 71(2)(a) of the Building Act is often counter to the provisions
developed under the RMA, and regional and district plans, in terms of the need for or
appropriateness of coastal defences to protect buildings or property.

Section 72 of the Building Act allows for the granting of building consents if the work does
not accelerate, worsen or result in a natural hazard, and if it is reasonable to grant the
consent in respect of the natural hazard. If this waiver occurs, the Registrar-General of
Land must be notified (or on behalf of the crown, the relevant Minister and Surveyor-
General must be notified, or in case of Maori land, the Register of the Maori Land Court)
(section 73). Any notification must include the project information memorandum for the
building consent, and the natural hazard(s) must be identified. Following this notification,
an entry must be recorded on the certificate of title, noting that a building consent has been
granted under section 72, and any particulars that identify the natural hazard concerned
(section 74) must also be noted there. This record-keeping allows for any future owners of
the land to be aware of the risk that may not be apparent aQO time of purchase.

Building regulations, including the mandatory Buﬁ&ode@e made under and in
accordance with the Building Act. Under the pre Building*Act, the only part of the
Building Regulations 1992 still in fﬁ& Sch @Ie 1 contéihing the Building Code.
Clause E1* is aimed at safegua inj nd property from damage by
surface water (which can be fr ater f he sea). Clause E.1.3.2 states that
surface water, resulting fro robability of occurring annually, shall
not enter buildings. Th @j in #e form of a minimum building floor
level for housing and r ntral ildj nd it is a minimum standard — some
councils have adopt % arfgyial ex6§énc ability (AEP) which equates to an
average return p@§ ears

The Building Code i '% n& err \Q, Some of the relevant suggestions in a
discussion docu th part f Building and Housing (not finalised) are:

e consi ' gac qurrement to 1% AEP for flooding because it reflects
the |n rols dy being adopted by some territorial authorities, and
ides autlonary approach to managing the impact of climate change

(ﬁonsic@ng a requirement that particular types of building should be protected from
tsunamis such as Performance Group 4 buildings (ie, those essential to post-disaster
recovery or those associated with hazardous facilities eg, hospitals, fire, police, fuel
storage) and Group 5 buildings (eg, major dams or extreme hazard facilities).

Finally, the theme throughout RMA and Building Act case law appears to be that, although
district councils can exercise some judgement about whether to allow a subdivision or
development, councils cannot abrogate responsibilities for avoiding or mitigating the
effects of natural hazards and merely rely on the controls under the Building Act. The
RMA process is important because the outcome of that process will generally decide
whether a building can be sited in the relevant area in the first place. The Building Act,
specifically sections 7174, is particularly important where coastal (or other) hazards are
discovered after titles have been created, or even after development is already established.

12 Copies of the Building Code are available at: http://www.dbh.govt.nz/building-code-compliance-

documents (23 April 2008).
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10.6 Local Government Act 2002

The Local Government Act 2002 (LGA) outlines administrative and management
responsibilities for regional and district councils, including for matters such as land
management, utility services, recreation assets, transportation and the associated provision
of services.

The Local Government Act-1974 (LGA-1974) requires stopped™® roads along the margins
of the coast (along MHWS) to be vested in council as esplanade reserves (section 345(3)).
The Local Government Act also establishes the means by which territorial local authorities
may collect financial contributions for funding the acquisition, maintenance and
development of reserves.

Section 650A of the LGA-1974 allows for district councils to undertake various works in
the coastal environment, including the erection and maintenance of: quays, docks, piers,
wharves, jetties, launching ramps and any other works for the improvement, protection,
management, or utilisation of waters within its district (subject to the controls established
by the RMA).

Community planning is a cornerstone of the LGA, which re@jres communities to prepare
Long-term Council Community Plans (LTCCP) that set esired community outcomes
and longer term financial planning. There are also spaé% sultation requirements that
local governments must meet when preparing plal \gr\byla\&ﬂder the LGA. These
requirements are particularly significan,QRor cogsjalStrat , or other management plans
that are adopted as part of the ada teﬁ@n es toc | hazards, including climate-
induced impacts. [6 K(\
2RI
IR

2RO
10.7  Civil DefengPmezgdncy s@ent Act 2002
The Civil Defence é&rgen%/’&anag@nt A 2 (CDEM Act) is intended to:

e promote su ainal( ana nt of@ards

e encourage a abl un@s 0 achieve acceptable levels of risk

. providxszblann@and prqgfation for emergencies, and for response and recovery

. rZ%@ocag@)ritieQ%ugh regional groups, to coordinate planning and
ies e
N\

a

(ﬂovi@%asis for the integration of national and local civil defence emergency
management

e encourage coordination across a wide range of agencies, recognising that
emergencies are multi-agency events

o focus on reduction, readiness, response and recovery.

The CDEM Act requires that a risk-management approach be taken when dealing with
hazards. When the risks associated with a particular hazard are being considered, both the
likelihood of the event occurring and its consequences must be addressed. The CDEM Act
is largely an enabling mechanism, which can complement both the Building Act and the
RMA, particularly in managing residual risk (eg, where emergency arrangements, such as
evacuation, are used when buildings are likely to be overwhelmed or when the hazard poses
an intolerable risk to public safety). In particular, integration between regional and district
councils is achieved with the formation of CDEM Groups comprising representatives from
each of the territorial local authorities and the regional council within a region.

18 Legal procedures can ‘stop’, or dispose of, a portion of legal road (eg, unformed road), where

historically the margins along waterways and the coast were designated as ‘roads’.
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The CDEM Act (section 17(1)) outlines the functions of a CDEM Group in relation to
relevant hazards and risks. These include:

o identify, assess, and manage those hazards and risks;
e consult and communicate about risks; and
o identify and implement cost-effective risk reduction ...

The CDEM Act (section 48) provides that each CDEM Group must provide a CDEM
Group plan and that plan must state the hazards and risks to be managed by the Group and
the actions necessary to do so0.** The CDEM Act, therefore, anticipates that regional and
territorial authorities will cooperate in the management of hazards and risk, including
coastal hazards.

10.8 Reserves Act 1977

The Reserves Act 1977 makes provision for the acquisition, control, management,
maintenance, preservation, development and use of public reserves, and makes provision
for public access to the coastline and rural areas. Administering bodies are required to
prepare management plans for their reserves, which are ope public comment and
review (except management plans for most government cal purpose reserves).

areas may also be useful as providing huffers fr astal@gzards. However, councils
must manage reserves to fulfil the se serves Act (whether historic
reserve, scientific reserve, scenic éerve b{g@r functions are not specifically
mentioned in a reserve manag q nable whether reserve areas can be
treated in this way by territogkd auth@ S, aseg)b ffering function may have an effect
on their specified use forqf@srve pen s;@ ecr, gt\pn For example, the purpose of an
esplanade reserve |s d |n ttheq ary purpose is not to reduce coastal
hazard risk. The % e wh mal a g an esplanade reserve to reduce the
hazard on adjom and % ually @thin cope of the Reserves Act. One option is to
refer to a reserve’s ha buffe fufictio hin a reserve management plan. However, at
this stage there is npﬁse Ia\& (J(ths approach.

While the Reserves Act is aimed at providing pgfzgzb are d access, these reserve

10.9 P @z& AcQ_981

The éy ct 1981 deals with the rights of central and local government to acquire
private’land ubllc purposes including for reserves (within the meaning of the Reserves
Act), and the procedures for acquiring and disposing of this land. The acquisition of land
for reserve purposes is one way of providing for buffer mechanisms.

10.10 Foreshore and Seabed Act 2004

The object of the Foreshore and Seabed Act 2004 is to preserve the public foreshore and
seabed in perpetuity as the common heritage of all New Zealanders in a way that enables
the protection by the Crown of the foreshore and seabed, including protection of the
association of whanau, hapu and iwi with areas of the public foreshore and seabed
(section 3).

The “foreshore and seabed’ (section 5) collectively have the same offshore and landward
boundaries as the coastal marine area defined in the RMA. The relevant purposes of
Foreshore and Seabed Act are (section 4):

o providing recognition and protection of ongoing customary rights to undertake or
engage in activities, uses, or practices in areas of the public foreshore and seabed

o providing for general rights of public access and recreation in, on, over and across
the public foreshore and seabed.

1 Section 49(2) of the CDEM Act.
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Some of the issues covered by the Foreshore and Seabed Act that may be relevant to coastal
hazard management and adaptation to developing climate change impacts include:

a) rights of owners of roads located in the public foreshore and seabed (section 15)
b) status and ownership of reclamations (sections 18-20)

C) provisions for land title where a portion is located below the line of mean high water
spring (section 23).
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Table 11.1:

11 Appendix 2: Relevant case law

Disclaimer: This appendix has been prepared for the Ministry for the Environment
by external contractors, as noted on the verso of this document’s title page. To the
extent that this guide deals with legal matters, it does not necessarily represent the
views of the Ministry for the Environment; readers should not rely on it as legal
advice.

111

The following sections summarise a selection of case law relating to coastal hazards and the
effects of climate change on coastal hazards (listed in Table 11.1). For this revision of the
Guidance Manual, the case law summary has not been updated from 2004 to 2008, except
that Fore World Developments Ltd v Napier City Council W029/06 has been included.

Introduction

Case law summarised in Appendix 2

Section Case

Issues under ~onsideration
11.2 Maruia Society v Whakatane District Interpre}@
Council 15 NZPTA (1991)

11.3 Bay of Plenty Regional Council Tir@;fcales @Q}nsideraﬂon of effects
Whakatane District Councﬂ@&/% Q/

11.4 Opotiki Resource Planne@/ potlklfb urth elopment in existing developed areas
District Council A 15%@ whe8 appropriate hazard mitigation measures

\\ Q een undertaken
11.5 Judges Bay Resg

of section 106 of the RMA

ion azard'&rotection measures and port
Auckland Re ou Bnd (9 dev ent
Auckland @2/98 Q
11.6 Auck n®| @gi v Au %evance of climate change information
Regio® Cou 819} § '8

11.7 Kotuku Pa@ Y sz Coast\o RMA Section 106 and catastrophic events.
A

District K

11.8 Lowry%hy Resi@@yts Ass onv Relationship between Building Act 1991 and
E Bay; ﬁpe Blu guin RMA in avoiding coastal hazards

datlo W45®
11.9 ave ay v Canterbury Regional ~ Hazard zone provisions within regional coastal
O 6/2001 environmental plan

lgll) nIay v Timaru District Council C  Existing use rights and the role of rules in
24/2001 regional and district plans

11.11 Bay of Plenty Regional Council v Principles of hazard avoidance. Relationship
Western Bay of Plenty District between resource and building consents
Council A 27/02

11.12 Skinner v Tauranga District Council Reasonable timeframe for coastal planning, use
A 163/02 of precautionary approach for managing

uncertainties
11.13 Fore World Developments Ltd v Climate change information and use of the

Napier City Council W029/06

precautionary approach to account for
uncertainties
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11.2 Maruia Society v Whakatane District 15 NZPTA (1991)
High Court, Judge Doogue presiding.

This case was decided under section 274(1) of the Local Government Act 1975, which was
a similar provision to section 106 of the RMA. The case involved subdivision of land
fronting Ohiwa Harbour at Port Ohope. The minimum ground levels imposed by the
Council had been based on the effects of the 1968 Wahine storm. The Council’s engineer
considered that section 274(1) of the Local Government Act did not allow Council to
recognise the possible effects of rising sea levels in determining conditions relating to the
subdivision. This was a judicial review of the Council’s decision. In relation to
interpreting section 274(1), the Court said:

| find it difficult to see ... that any decision-making body faced with that particular
language is meant to put aside what it is known by it to be likely to occur within the
immediate or foreseeable future, regardless of the fact that the event may not have
occurred in the historical past.

That is now to say that an authority would have to go to any particular lengths to
determine what are clearly difficult areas in respect of likely future changes in sea
or ground level. Whether the evidence at present available jn respect of matters
such as the ‘greenhouse’ effect is anything more than %éctural I do not know. ...
It would be a matter entirely for the council or the ng Tribunal as to the
extent to which it took such information into a 4 (’\g
The Court also held that the counul@not to pr, every part of the land in the
subdivision from inundation. S n274 uncil discretion to determine
whether there is sufficient p mun?{ n suitable for subdivision. This is
important case law for mter@\ 106 e:h e RMA.

N 6 (9
11.3 Bay of P\h&ty %@ona@un@@Whakatane District Council A

003/9
EnvwonmentCourtJ\@e @dpr
\2\’6 (quo\ (JQ!(@Q
11.3.1 OV

This case%@s d ag?under the provisions of the Local Government Act 1975 because the
pro itiated before the RMA came into force. The case also concerned a
sub sion rt Ohope. The Regional Council appealed the District Council’s decision
to grant the subdivision based on the effects of sea-level rise.

The Regional Council’s witness (Professor Kirk) referred to sea-level rise predictions
published by the Intergovernmental Panel on Climate Change (IPCC) and by the New
Zealand Climate Change Programme (Ministry for the Environment). The Court said:

We were told that the IPCC estimates are expected to be reviewed in the next year
or two. Be this as it may, Professor Kirk asserted that the climate models used to
make predictions in country-wide, let alone global, terms are ‘crude in respect of
ocean/atmosphere interactions and spatial resolution, especially in the southern
hemisphere’. In short, he considered that reliance placed on IPCC global estimates
by other witnesses was misconceived.

Professor Kirk recommended a forecasting period of 2050 in preference to 2100 on the
basis that reliable predictions cannot be made much past the year 2050. He noted that the
IPCC projections for global average sea level have an uncertainty range of +50%.

The Regional Council’s witness (Professor Healy) referred to the IPCC’s (1990) best
estimate for sea-level rise: 66 cm by the year 2100. He said that shoreline retreat would
likely be accelerated by the ‘Bruun’ effect. He recommended a coastal hazard zone line.
Other Regional Council witnesses (Dr Gibb and Mr Pemberton) regarded the IPCC best
estimate data as important for reference purposes.

104 Coastal Hazards and Climate Change: Guidance Manual 2008



11.3.2 Court’s decision

... we are of the view that, in this case at least, a forecasting period to 2050 AD is
reasonable. Given the present state of understanding of the factors causing global
and regional sea level changes, we accept the 2050 AD time horizon for present
purposes — that being, in our view, as far as the ‘foreseeable future’ may reasonably
be extended, allowing for the uncertainties of scientific knowledge and balancing the
interests of the applicant and succeeding landowners. By adopting such a time
frame in this instance, it should not be thought that in another planning context a
different time frame ought not to apply. We simply say that, on the evidence before
us and against the background of this particular case, such a forecasting period
seems to us appropriate. We thus adopt Professor Kirk’s evidence on this aspect.
On the other hand, we are persuaded by Dr Gibb and others that the IPCC “best
estimate’ for general sea-level rise of 0.3 m as at 2050 AD should be taken heed of.

We accept ... that it is notoriously difficult to make a reliable prediction as to the
sea-level change that will affect the subject land as far ahead as 2050, let alone
beyond that. Nevertheless, we consider that the best prediction currently available
of the likely sea-level rise that will affect the country generally as at 2050 should be
adopted. .

evidence of the Regional Council witnesses. The djouxqped the proceedings to allow
the developer to prepare an amended scheme pla -down proposal with an

amended minimum building platforqb .{Q
’b K(\

11.4 Opotiki Resour@éPIa(/ Y t|k| District Council A 15/97

Environment Court, Ju@cﬁolla@esu\@

This case |nvolv p ns ns aa'nted to construct a new integrated
primary health car ceg@ the s street of Opotiki. It was argued that the

proposal should be re for, umb reasons, including the site’s susceptibility to

@o
The Court accepted Dr Gibb’s evidence on predicted r}gt@%coastal erosion over the

flood risk (sea-le caI rivers over time, lack of a guarantee that the
stopbanks wo& fall ng a rflood event).
The Court@d not {??er thz@ﬂs hazard risk warranted declining the consent.

ook that, in reality, the district has a considerable investment

n the commercial area, of which the former post office building, in
itself a relatively modern and substantial building, forms part. We do not regard
upholding the proposal as some sort of unreserved and final endorsement of the
town being located in perpetuity where it is. Rather, our decision recognises the
substantial infrastructure of present urban development and associated facilities/
services — including the stopbank protection works and the ongoing scheme directed
to their maintenance and improvement.

Much of the evidence we heard was really pertinent to the basic question whether
the location of the town itself is appropriate on account of the flood risk element,
despite the measures taken to protect the town. It lies well beyond the realm of this
appeal to draw so bold a conclusion on an “across the board’ footing, and then go
on to illustrate such a finding by rejecting the proposal.

The consent was granted with a condition relating to the floor level of the new building.
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11.5 Judges Bay Residents Association v Auckland Regional
Council and Auckland City Council A 72/98

Environment Court, Judge Sheppard presiding.

Resource consents had been granted by the Auckland Regional Council and Auckland City
Council for extension of the Fergusson Container Terminal the Ports of Auckland. Five
parties appealed the decisions.

The Proposed Auckland Regional Policy Statement contained provisions regarding natural
hazards — identified as including erosion, inundation of low-lying areas, land instability,
rising sea levels and tsunami. Policy 11.4.1(10) stated that location and design of new
subdivision, use or development should be such that the need for hazard protection
measures is avoided. Policy 11.4.1(12) required a ‘precautionary approach’ to be used in
avoiding, remedying or mitigating the adverse effects of natural hazards on development.

Expert evidence presented at the hearing addressed matters of extreme events such as sea-
level rise and tsunamis. The witness for Auckland Regional Council gave the opinion that
the proposed wharf level would be adequate for extreme events. The extension was
proposed to have the same levels as the existing built port gri@ifonment, and therefore the
same protection from natural hazards. 60

rise) was appropriate and that mundatlo,\and er, t relevant risks to a built port
environment. The Court found t prop cause any adverse wave effects
or any other adverse effects in e e ev

The opinion was given that the standard design ( u arI \'egard to possible sea-level
Weéo

11.6 Auckland C&%o@l vﬁg&d@egional Council A 28/99
Environment Co&) ge S@) ard&@g?dmg’\,

This case involved ap agalrQ fusa@g{esource consents required for the proposed
Britomart undergro& an@ and p{ﬂMg centre in central Auckland.

The proposed,Ji e Iev er @d development involves construction below
groundwat us dl@lon was required. The appeals opposed the consents for
t

earthwo ver5|0n of groundwater, based on potential damage to land and
buHﬂr'? in inity from ground movement resulting from excavation and groundwater
div

A submitter urged that consideration be given to the possibility of tsunamis and storm
surges causing the water of the harbour to overtop seawalls and flood the Quay Street
underpass, although acknowledging that it would be unlikely that seawater would enter the
Britomart transport centre itself. The Court held that sea-level and climate change issues
were relevant only to the extent that the bases for ground water modelling had been
properly prepared, having regard to contingencies.

The key witness explained that effects on groundwater levels would fully manifest
themselves within 10 years of the start of construction, which is a relatively short period
within the context of sea-level rise. Sea-level rise due to climate change would have no
effect on the validity of the groundwater model predictions.
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11.7 Kotuku Parks Ltd v Kapiti Coast District Council A 73/00
Environment Court, Judge Sheppard presiding.

This was an application for consents for subdivision and earthworks and involved an appeal
against some of the conditions imposed by Kapiti Coast District Council. Ultimately, the
consents were declined by the Court on grounds that included failing to protect significant
habitat or indigenous fauna, adverse visual effects and impairment to kaitiakitanga.

It was argued by the Waikanae Estuary Guardians that the land proposed to be subdivided
would be likely to be subject to material damage by subsidence as a result of earthquake,
and by inundation and erosion from the sea in conditions of storm surge, tsunami, and sea-
level rise. This was relevant for consideration under section 106 of the RMA.

The Court found that although a major event causing extensive inundation or erosion could
occur on this coast at any time, it was not standard practice to design for such extreme
events as those described by witnesses for the Waikanae Estuary Guardians. The evidence
about catastrophic events had been in relation to the next hundreds of years, and would
have effects along the entire Kapiti Coast. Another witness gave evidence of catastrophic
events having a return period of at least every 250 years andf larger saltwater inundation
events occurring one every 400 years.

Sufficient provision to avoid or mitigate the Iikellg\}a‘of daqége was made by the building
platform levels that had been set by tthunmb i1s byiiding platform level had been
based on a:

« river flooding event of @%bab@ corr*@ted with a storm sea-surge event of 5%

probability; or

e storm sea- surgeggecﬂt of 6@ t\tgﬁ)y Wi /\lmllar allowance for future sea-

level rise.

This was conS|decai to b{@?lue\&cons@mve to avoid or mitigate the likelihood of
damage. O&

11.8 Lq Qgﬁ Si Association v Eastern Bays Little Blue
u.| undat™on Inc W45/01

Env(o/@%nt@o&, Judge Kenderdine presiding.

This case involved appeals against consents to establish a facility for the reception,
recovery and rehabilitation of wild birds for release back into the wild. The Court said:

It was the Association’s case that the applicants and respondents appear to have
studiously ignored the fact that the proposed buildings will be located in an area
having an obvious natural hazard. It is not sufficient to say that buildings will be
built in accordance with the Building Code. The evidence of the witnesses for the
Association demonstrate that location of any buildings on the site proposed is
unwise and courting disaster.

The Hutt City Council’s witness said that any reference to the potential for the proposed
facility to be affected by severe storms, salt deposits and spray drift was not relevant to the
consideration of the grant of the consent sought, because the design and construction of the
buildings was a matter to be considered under the Building Act 1991.

The Court said:

We do not understand how a dwelling house (large enough to hold small children),
an educational facility (which will include small children), and a cafe for 54 visitors
could be approved for this site ...
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We concluded that the location of all aspects of the proposal and the activities it
imports, is not commensurate with the principles of sustainable management. The
last word on natural hazard goes to Mr Churchman who submitted it is impossible
to say that siting this proposal in an area demonstrably subject to coastal hazards is
in accordance with the plan or commonsense — a submission we endorse.

11.9 Save the Bay v Canterbury Regional Council C6/2001

Environment Court, Judge Jackson presiding.

11.9.1 Overview

The reference related to provisions of the Proposed Regional Coastal Environment Plan
(PRCEP) dealing with coastal hazards as they relate to Taylor’s Mistake and Hobson’s Bay
(Banks Peninsula). The plan contained:

e Hazard Zone 1 — land at risk from coastal erosion within 50 years (its boundary, the
‘hazard line’, runs approximately parallel to the shoreline)

e Hazard Zone 2 - inland from Hazard Zone 1; land Qogék from coastal erosion
within 50 to 100 years. ’b

X
These zones were defined only by reference to cogla erosiq> Other natural hazards were
not dealt with by the rules but were @the Q.ect of er plan reviews. These

included tsunami events and the e effi warming (on sea level, coastal
sediment supply and storm ge \ Q/

A
The plan stated: CQ

There is a need to @%rta re ingestigati %r the magnitudes frequencies and
possible effects ese evels. T suIts’é@o be used in future reviews of
coastal hazatémana t p li€®s angykethods. In the absence of consensus as to
the precise effects obal te , the wisest course is to adopt a
precautionary ach %@n con ing developments in the coastal area.

Save the Bay \i\on%@% abo@gt'orm damage by wave action and rockfall.

CISIOI’]

%urt W&g9 oncerned that the objectives and policies in the plan related only to coastal
erosion and inundation and not to other natural hazards and, for inundation, the objectives
policies were not followed through with rules (because the hazard zones related only to
coastal erosion risk). Outside the natural hazard zones, the reconstruction of those
buildings damaged by the sea was not controlled by the plan at all.

The Court considered that there was totally inadequate recognition of catastrophic natural
events. 90% of damage to the environment caused by natural hazards occurs in 10% or less
of events.

If resource management has a significant function in relation to natural hazards —
and it seems important enough to Parliament to give functions in respect of natural
hazards to the regional and territorial authorities — then surely authorities should
recognise that inverse relationship in the preparation and wording of their plans.

The Court heard evidence about the location of the hazard line and said:

In our view drafting a hazard line is not as scientific as ascertaining where the
MHWS is (although that too is fraught with difficulty). The task is to draw a line as
an administrative boundary which is conveniently ascertainable.

The boundary line for Hazard Zone 1 at Taylor’s Mistake was amended.
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11.9.3 Conclusions on the case

This case provides guidance on the interpretation and administration of sections 30 and 31
of the RMA:

o regional and territorial authorities need to recognise the significant function of
resource management in relation to natural hazards in the preparation and working
of their plans

e councils need to recognise serious, but infrequent, events when planning

o dealing with only one coastal hazard in the plan rules is not an integrated
management approach.

11.10 McKinlay v Timaru District Council C 24/2001

Environment Court, Judge Jackson presiding.

The Canterbury Regional Council controlled the use of land in relation to natural hazards
through its regional policy statement. In relation to the site in,question, the regional policy
statement did not contain any rules relating to natural hazagd®, Nor were there in the
proposed regional coastal plan. However, there were ru verning natural hazards at the
site in the Timaru Proposed District Plan. Under thos€@wlles, gonstruction of a residential
building was prohibited at the site (because it wa in th astal Inundation Line”).

The Court was asked to decide nif @lstmg residence at the site was
destroyed by a natural hazard s and er reconstruction would be
prohibited by the proposed di h|s re to ‘existing use rights’ (sections 10
and 20 of the RMA). The rt s @ erty\c:’lwner would have existing use rights
to rebuild provided thal%e &K reb |I s th e or similar in character, intensity
and scale as the pres ildi ectio er, if there had been regional rules
governing the re hen glxuat uld be different (sections 10(4) and
20(2)(c)). So, alt ugh I&)nal can §tride’ existing use rights, district rules do

not. \2\6\/ \O (Q

1111 B y@\f Ple@& %@nal Council v Western Bay of Plenty District
nciI 7/02

Env ent@bt Judge Bollard presiding.

11.11.1 Overview

This reference related to provisions of Variation No. 1 to the Western Bay of Plenty
District Council’s proposed plan — development controls affecting coastline areas at Waihi
and Pukehina beaches. The referrers were the Regional Council and the Waihi Beach
Protection Society.

The plan contained a ‘Coastal Protection Area’ line, based on a 1993 study. (The Regional
Plan also contained an ‘Areas Sensitive to Coastal Hazards’ line, which was compatible but
not identical to the coastal protection area line).

The coastal protection area was split into “high risk’ and “low risk’ areas. Within the *high-
risk” areas, new buildings and alterations were a discretionary activity. In ‘low-risk’ areas,

such activities were permitted, subject to conditions. Subdivision was discretionary in both
areas. The Regional Council sought discretionary activity status for buildings in both areas.
The Society sought permitted activity status for buildings in both the areas.

The District Council pointed out that, for permitted activity status, further conditions on
building could be imposed under the Building Act 1991.
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The plan variation was supposed to be an interim solution, providing adequate protection
until “future options for coastal management are known’. These include coastal protection
works, but the Council did not want to proceed with those until other options had been
investigated.

11.11.2 Court’s decision

The Court considered that the planning instruments had properly recognised coastal
erosion, inundation, dune stability and sea-level rise issues.

The Court considered that the Regional Council’s approach should be accepted. It was
sound to plan for a 100-year predicted risk period. The District Council argued that only a
50-year risk period should be planned for, but this was rejected, particularly considering the
principles in the New Zealand Coastal Policy Statement. The areas should be categorised
as ‘primary’ and ‘secondary’ areas of risk rather than ‘high’ and ‘low’, as both areas carry
significant risk. Potential adverse effects through changed climate conditions and sea-level
rise were accepted as existing. In secondary risk areas, buildings and extensions should be
a limited discretionary activity.

.
.

The argument from the Society was rejected as follows:

. it was argued that the voluntary assumption of rigk“y private property owners
does not abrogate the Council’s responsibility }%ntrol&the use of ‘at risk’ land

for the purpose of avoiding or ng n hazafds” We accept that
submission ... Failure to manage®o | a@ential effects of natural
hazards at Waihi and Puk%@eac ct’s regime would not, in our

r
view, be consistent with th is &t}\ urpo&é sustainability.

The Court commented VI apd\tfi2 unc t ty inherent in this area of planning.
These, together with ew O§sta| E‘@?}Statement pointed to a precautionary

approach to planeonb

It commented on the )g@‘ﬁace h the
.. the respec ans oT\eontro er the RMA and the Building Act should not be

narrowl %ed aéJ rely nting to alternatives available to a Council to
achleve‘@a wzthey should be viewed in a broader light, both
indivi y an%@tombm on, of assisting to serve the public good. Were the
contRtion sound, Parliament’s recognition of the two separate Acts’

apTewo authority and control might be seen as unnecessarily repetitious.
Each in fact serves its particular purpose — that under the RMA of promoting the
sustainable management of resources in the context of the wide environmental
perspective that the Act embraces; and that under the Building Act by focussing on
the integrity and safety of buildings wherever they are located. Logically, any
relevant controlling provisions that govern a development proposal under the
holistic management regime of the RMA will generally fall to be invoked initially,
with the application of controls under the Building Act following as appropriate in
terms of that Act.

11.11.3 Conclusions on the case

o Given the uncertainties in this area of planning, a precautionary approach should be
taken.

e The Building Act should not be relied on completely — the RMA’s purpose of
sustainable management should still be fulfilled.

(The final plan provisions for this case were resolved in Bay of Plenty Regional Council v
Western Bay of Plenty District Council A 141/02.)
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11.12 Skinner v Tauranga District Council A 163/02

Environment Court, Judge Bollard presiding.

11.12.1 Overview

The reference related to provisions of the Tauranga District Council’s proposed plan —
development controls affecting coastline areas at Papamoa Beach. The referrers were
residents represented by a Mr Skinner.

The plan contained a ‘Coastal Hazard Erosion Policy Area’ (the Area). Within the Area
were the following hazard risk zones:

e an extreme risk erosion zone (the area immediately susceptible to notable adverse
effects from coastal hazards) — any development a prohibited activity

e ahigh-risk erosion zone (erosion predicted 2050-2100, taking into account global
warming predictions) — development is limited discretionary

» amoderate-risk erosion zone (erosion predicted 2050-2100, taking into account
global warming predictions) — development is limitgqjiscretionary

e abuffer zone — (an “at risk’ area should parame
should be too low) — has an in-built safety f;

The Area had been developed by a @I ha exp Gibb. Mr Skinner (resident)
a

sought the Area to be relocated se d oft d . He had already commissioned a
report from a Mr Smith. Inre nml%‘:i asked a Mr Reinen-Hamill and
experts at the Auckland Regj (Mr es) to review the Smith report and the

Gibb report — concludlng{ﬁy he 8b uId/BQ preferred.

There was much ex ewdet@ bn t %sessrta/@of coastal hazard risk. The Tauranga
District Council d as essM einen-Hamill, and Mr Brookes, supported
by Dr Bell (NIWA anng el n\ge( Unlversny) Some of these witnesses

applied the ‘Bruun ruﬁe S\O (Q

Mr Skinner ¢ \ge\wde rom %mith (NIWA), supported by Dr Abbott, Dr T Lustig
and Mr Oldi{'éb: (Nl\p@ ith considered it unlikely that cutback from a one in
100-ear use sufficient damage to endanger beachfront houses, even allowing
for fut li a@\mcertamtles and sea-level rise. The use of the ‘Bruun rule’ was rejected
by t wit

11.12.2 Court’s decision

The Court concluded that the beach was susceptible to erosive cutback when major storm
events occur, and to continual dune line change. The 100-year period was deemed
reasonable for coastal planning. Predictions were difficult but a lack of field data meant
that the Area should not be moved as Mr Skinner wanted:

In the absence of such data, it would not be prudent to adopt an approach that
postulates that the future dynamics of the beach profile will carry no hazard risk to
seaward-facing parts of properties immediately proximate to the beach during the
next 100 years.

Also:

Of major import in arriving at a determination in this instance in the face of the
conflicting evidence, is the lack of certainty as to future climate change and how
such change will affect the various “drivers’ that lead to shoreline movement.

In relation to sea-level rise, the Court noted the ‘most likely’ mid-range predicted by the
IPCC.
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Bearing in mind the precautionary element in the New Zealand Coastal Policy Statement,
the Court found in favour of the witnesses who considered the ‘Bruun rule’ (which applied
to ‘closed systems’ —

we find that the notion of an ‘ample cushion’ of sediment supply cannot be endorsed
with [a] degree of confidence ...).

Economic evidence was put forward on development potential and on the decrease in
property values of beachfront properties. However, the evidence was not sufficient to
override the need for the Council to plan ahead for coastal hazard risk.

The Area was upheld, with the extreme, high and moderate risk zones in it, but the Court
considered the safety buffer zone could be removed as it was ultra cautious.
The effect is to place a zone restriction on the properties affected beyond the extent
necessary to ensure sufficient and appropriate recognition of coastal hazard risk to
those properties during the 100-year forecasting period.

However, the Council was directed to monitor trends so that the plan could be refined based
on continuing experience and additional data.

e The District Council had approprlately fuI 1 |ts walon in relation to natural
hazards.

11.12.3 Conclusions on the case

e Itwas correct to take a pre@tlong(@proa{mlven the uncertainties involved.
|se

e The IPCC prediction ndorsed.

e Thecaseis mteres@% becaée of th@ 0e m{n}ber of coastal hazard expert

witnesses that‘Q@e calledd
O c)ﬁb (:b )
S b O &
11.13 Fore Worl men d v Napier City Council W 029/06
Environment C(Q{budgeé?%mpso esiding.

In this case WUgh ve land zoned residential to enable subdivision, despite
n co

coastal e;gﬂo

Theeaurt ac(@wledged that sea-level rise would result in wave action occurring at a
higher elevation on shore and thus cause coastal erosion. In order to calculate the rate of
coastal erosion, the Court accepted the sea-level rise estimates of the IPCC.

In its overall assessment, the Court stated that climate change aspects such as increased
storminess require the consideration of an additional buffer allowance. This was explained
as follows:

It is not a situation where it is necessary to be overly cautious but it would be
prudent to provide for a buffer in addition to the estimated extent of the coastal
erosion to make some sort of allowance for the factors that have not been estimated
and included. ... That buffer should be in the order of 25% of the sum of the
estimated distance.

The decision further described the inland extent of the coastal hazard zone based on the
information before it and the buffer area.
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11.13.1 Conclusions on the case

e A 100-year timeframe is appropriate for considering coastal issues.

e The ‘Bruun rule’ was accepted as an adequate method for assessing the effects of
sea-level rise on coastal retreat.

e A graduated coastal hazard zone was not favoured in this case owing to difficulties
of application and enforcement with a relatively small overall width of land.

e Adoption of a precautionary approach, based on weighted consideration of the level
of knowledge of the risk, its likelihood of occurrence and the consequences, was
accepted.

e The case is interesting because of the large number of coastal hazard expert
witnesses that were called.
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12 Factsheet 1: Coastal erosion

Coastal erosion becomes a hazard where human activity or settlement is threatened by a
temporary or permanent cutback of the shoreline. (Coastal accretion is the opposite,
where the shoreline builds out over time.)

Changes in the position of the coastline
result from a complex interaction of

BUDGET OF SEDIMENTS

St cills different natural factors and processes,
I including:
longshore sand bz i . . .
anspor o B o the interactions and influences of the
el U g hydrodynamic driving processes.

These include swell, waves, tides,
storm surge, currents, storm
sequences and the effect of climatic
variability, ie, El Nifio-Southern
Oscillation (ENSO) and Interdecadal

cross - shore Fnﬂ lass to
axehangs with /¥4l canyon
conlinental shelf ik b

credis D—

debits: T~

Typical sediment sources to nearshore coastal

systems in New Zealand:
Longshore transport into area
Input from rivers
Wind transport onto beach
Erosion of sea cliffs upcoast

Pacifi@Qscillation (IPO). Climate
c may have an effect on each of
e processes

W

orphology - ie, the
C

(-yhe
< teristics of the coastal margin
Onshore transport , beach and barrier type, sediment
Beach nourishment é haracteristics, geological controls,
Trapping of sand by dune ve e atior \" such as headlands and islands) — and
S ow these characteristics respond to,

[ Qnd interact with, the hydrodynamic

r\/Q processes. For example, spits are
often extremely unstable and prone to
large changes in the position of the
coastline

Typical sediment losses frc n rearshcie coasta
systems in New Zealand.

Longshore transpait out of arex
Wind transpoi. away fro~, teach
Offshore transport

Abrasion

Sand mining « the rate and relative balance of

sediment supply and losses to coastal
margins (see figure)

Source: Komar, P 1998. Eeach Fracesses and
Sedimenteiion. Prentice -Hall Inc: Mew Jersey.

o crustal loading and tectonic factors
influencing coastal uplift or
subsidence.

Because there are so many factors involved in coastal erosion, shoreline change from
sediment ‘re-distribution” within a nearshore beach system will not be consistent year after
year in the same location.

Erosion and accretion can occur in a cyclic pattern ranging in timeframes from seasonal up
to several decades (particularly on sandy coastlines). They can also occur in a series of
episodic steps related to storm events; there may be little change for many years and then
rapid cutback may occur during a storm, or sequence of storms. Even over short distances
of coast, patterns of erosion and accretion can vary, producing, for example, erosion
hotspots linked to the occurrence and movements of nearshore sand bars.

There is a wide range of timescales over which coastal erosion occurs, ranging from
individual storms, through annual and EI Nifio cycles, up to long-term retreat at decadal or
century scales. Therefore, normal practice is to deal with erosion on two timescales: short-
term fluctuations (days to a few months, including storm cutback) and long-term trends
(seasonal to decades or centuries).
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The complexity of processes related to coastal erosion means that it is very difficult to
estimate future coastal erosion at a specific locality without adequate data and historic
information on shoreline position and changes.

Typical response of a natural sand beach—dune system to erosion during a storm event and the
subsequent build-up of the beach and dunes over the following months (and even years).

Pre-storm Profile

During a storm

Sand i ronmported badk ondhore
and rebuilds bucch [ve vegutation
g o swoward down eroded dene foce

Post-storm Profile

Post-storm Profile
{dune recovery)

istropped

Send blown londword irom beodh
vegatation

Typical ranges of coastal erosion rates

Sandy
beaches

Spits

Gravel

Estuarine
shores

Cliffs

‘ Storm response (short term)

Highly variable even within o iccality a>d
can be 10+ m during ar, exveme stonn.

Extremely variable wth storti-i<lated
movements of 10+ m at the ends of
unstable spits.

Can be .. to 5-10 1= during extreme
stoi.2, with stubie: periods netween
storms.

t'ighiy variakie, dependen? on storm
vo.ave direction and wming with high tides.
Thanges van be of (ke order of 10s of
metrez auring storm conditions but can
vary substantially over short distances.

Highly variable depending on the
geological characteristics and hydraulic
processes. Negligible for hard rock cliffs
but can be substantial on unconsolidated
cliffs, particularly if landslipping also
occurs.

L

Long-term erosion rates

Hiniw variable even in a locality but
nenerally less than 5 m/yr.

Extremely variable, with storm-related
fluctuations typically dominating long-term
wends. Fluctuations can be of the order
ol 200+ m.

Generally < 1 m/yr on average but can be
2-3 m/yr in more vulnerable locations,
particularly where the land backing the
gravel barrier is low-lying or where the
longshore supply is interrupted.

Variable over short distances, with
erosion tending to occur as a series of
storm-related steps. On average,

< 2 m/yr and up to 5 m/yr at some
vulnerable locations, eg, where channels
cutin.

On unconsolidated cliffs, average rates
tend to be up to 1-2 m/yr.

Human intervention can also markedly alter natural coastal sediment processes through:

e catchment activities eg, land-use practices, urbanisation, dams, water abstraction
(affects sediment supply from land sources via rivers and streams)

o dredging of tidal entrances and harbour channels (affects sediment movements
within coastal systems)

o sand or gravel extraction from the coastal marine area (removes sediment from the
nearshore system)

o coastal protection works eg, groynes, breakwaters, artificial reefs, seawalls (affects
the natural movement and distribution of nearshore and beach sediments)

e beach nourishment (adds sediment to the beach and nearshore system)

o permanent modification of coastal margins eg, dune removal, vegetation removal or
change, reclamations, waterways, wharfs and marinas (affects the natural movement
of beach and nearshore sediments).
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13 Factsheet 2: Coastal inundation (storms)

Storm inundation is an acute natural event arising from extreme weather events (storms), in
which normally dry, but low-lying coastal land is flooded occasionally. Storm-related
coastal inundation is caused by high tides (normally during spring or perigean tides),
combining with:

o storm surge — the temporary (hours to days) increase in sea level over and above the
predicted tide height due to a combination of strong winds and low barometric
pressure

e waves, through a combination of wave set-up (an increase in the water levels
landward of where waves are breaking) and wave run-up over the upper beach,
which can overtop low coastal barriers.

‘Storm tide” is used to describe the total sea level formed from the combination of tide and
storm surge during storm conditions. During storm events, the likelihood and magnitude of
coastal inundation is highly dependent on the occurrence or timing of high tides, storm
surge and wave conditions. For example, the peak of the stogm surge will not always
coincide with the highest wave conditions and the time Of% h spring tide. Around New

Zealand, they will be correlated in some way, owing tg t@ llowing:
o certain weather conditions, such as the tra \Q‘of e opical cyclones or low-
pressure systems close to New and t cou® broduce both high wave
conditions and high storm surge in New Zealand is

relatively modest com par the ide (which is completely
independent of meteor ions QL%/ correlation with extreme wave
conditions may not at artlc y o the west coast where the tide range
is higher)

e wave height @t are li Gb\er dt% n shallow water. In such a case there
may well 65 |gh66'nrelatlo&étwee{ h water level and higher wave conditions.

The biggest storm-tide events last century occurred
close together in 1936 and 1938. The Great Cyclone
of 1-2 February 1936, with barometric pressures
down to 970 hPa and ferocious winds and waves,
came on the back of a very high perigean-spring tide
and caused widespread coastal inundation damage
along the east coast of the North Island. Coastal
roads were washed away, a house fell into the sea at
Te Kaha, while the sea swamped houses 100 m
inland at Castlepoint (the sea broached the coastal
dunes). A month later, on 25-26 March 1936, an
easterly gale produced by a low depression combined
with extremely high 100-year high tides and together
they caused damage and sea flooding in the
Auckland region.

Two years later, on 4-5 May 1938, 35,000 ha of the lower Hauraki Plains (pictured) were flooded
through a combination of spring tides and northeast gales that caused a large storm surge and
accompanying waves. There were several breaches of the shoreline stopbank from Waitakarau to
Kopu. The inundation was exacerbated by heavy rainfall.

Source: Brenstrum E. 1998. The New Zealand Weather Book. Craig Potton Publishing: Nelson.

The extent and magnitude of inundation also depends on how the high storm tide and wave
conditions actually inundate an area (ie, their flow path). This depends on the physical
characteristics and topography of the upper parts of the beach or estuarine shoreline and
immediate coastal hinterland. Typical flow pathways include:

o direct inundation, where the storm-tide level exceeds the level of the land. This
typically occurs where waves have not built up a coastal barrier, such as along
estuarine and sheltered coastlines or along the margins of rivers and streams
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e inundation due to the breaching of a barrier. This may be related to the breaching of
a natural barrier such as a gravel ridge or narrow dune field (with low-lying land
behind it) or a human-made defence such as a stopbank. Coastal flooding due to
breaching of a barrier is more likely to occur on open sections of coast exposed to
larger waves

o overtopping of a barrier. Again this may be either a natural barrier such as a gravel
ridge or narrow dune field or a human-made defence such as a stopbank.
Overtopping typically occurs due to wave or swell conditions during a high tide or
storm tide on more exposed open sections of coast.

Coastal inundation at East Clive, south of Napier on 16 August 1971 was caused by persistent heavy
swell coinciding with high tides. This resuii=1 in the y-avel barrie, being overtopped and the low-
lying land behind being inundated and 200 homes cfiected.

Source: Ministry of Works and Dev 2icpment <:u'lection, Menier.
o) AN s

<
River flooding of coastalém estu@e marﬁ'&an@rmwater flooding of low-lying
areas, can be exacerb by hj des torrr)& Y In relatively flat low-lying coastal

margins (eg, Lo thcq%e Chri rch, h Canterbury Plains, Hauraki Plains),
land may stay fl d wi hwatei@dr sevall days after an extreme event. This type of

inundation has a dramay effecth egeNYM and pasture production, and can sometimes
curtail pasture grovyg\tor a )ﬁ{@or m
)

Human intervQ\ions ¢ SO ex@}foate storm inundation hazards through:
o i e:él'ainjné@)rks (sﬁ?ghtening, stopbanks) that increase river levels at the coast

N .
(@orl Bagned coastal protection structures that exacerbate loss of the beach
adjacew¥lo the structure or increase wave run-up and overtopping potential

e coastal property development in inundation-prone areas (low-lying estuary margins
or shore-front areas without an adequate buffer), or roads or other infrastructure that
blocks overland flows

o physical removal, reduction or damage to natural coastal barriers such as sand dunes
and gravel barriers (eg, lowering access ways, removing vegetation, trimming or
removing dunes)

o permanent modification of coastal margins (eg, by constructing waterways, canals,
marinas and boat ramps, and carrying out reclamation).

High tide ‘red alert” days

www.niwascience.co.nz/rc/hazards/dates — Dates in the present year when high tides reach the
highest levels. Hence storm surge or large wave conditions on top of such high tide levels during
these dates will likely result in inundation of exposed low-lying coastal areas.
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14  Factsheet 3: Coastal inundation (tsunami)

The word tsunami is used internationally, and is a Japanese word meaning ‘harbour wave’
or waves. Tsunamis are generated by a variety of geological disturbances, particularly:

o large seafloor earthquakes in which
significant uplift or subsidence of the
seafloor or coast occurs

e submarine landslides (which may be
triggered by an earthquake)

e volcanic eruptions (eg, under-water
explosions or caldera (crater)
collapse, pyroclastic flows and
atmospheric pressure waves

e large coastal-cliff or lakeside The last major remote source tsunami to hit our
landslides shores was the Chile tsunami of 1960 that
reached 5.5 m high in Lyttleton Harbour, thankfully
e very occasionally, meteorite (bolide)  around low tig@it caused damage at many
@he east coast.

impact. locations

Tsunamis can be classified either by the
distance from their source to the area
impacted or, more relevant for emgr
management purposes, the traveé%e
impacted area and the Iength

impact. For New Zealand es
are typically defined: 8

o local source/ I|mpa®e ent ’b
within 60 tes | tlm

affecting severa}ztﬁ of l@ coQéQ/ 5 WY i '
The remains of a four-room house north of

° reglonal N 89'0 pacﬁ(\ Gisborne that was destroyed by a 10-m local
event —, n thr &f urs’ source tsunami in March 1947. Three people
fe lon or rode out the tsunami in the house, while two

time ikely
sev egl @ others ran across the road and up the hill with
&) water at their heels. Pouawa, where the bridge

. @’Q @ote) source/national was destroyed, is in the distance. Source: Weekly
(A'mpacégent — longer than three News, 2 April 1947.

hours’ travel time and likely to affect

many regions.

Tsunami wave characteristics at any location can vary substantially, depending on several
factors, including: the generating mechanism; the location, size and orientation of the initial
source (disruption); source-to-locality distance; and local seabed and coastal margin
topography. The timing and height of high tide are also critical factors in determining the
extent and magnitude of inundation.

Tsunami waves differ from the waves we see breaking on the beach or in the deep ocean,
particularly in their length between wave crests. In a tsunami wave-train, the distance
between successive wave crests (the wavelength) can vary from several kilometres to over
400 km, compared to around 50-100 metres for waves at the beach. The time between
successive tsunami wave crests can vary from several minutes to an hour, rather than
several seconds. As tsunami waves reach shallow coastal waters, they slow down and
steepen rapidly, sometimes reaching heights of 10 m or more. Shallow bays and harbours
tend to focus the waves and cause them to be amplified (or resonate) and slosh back and
forth. Tsunami waves that overtop or breach natural coastal beach ridges and barriers can
surge considerable distances inland in low-lying areas (100s of metres to a kilometre or
more, depending upon the wave height at the shoreline, the wave period and the
geographical characteristics of the coastal margin).
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Key tsunami definitions

e tsunami period (minutes) — the time between successive wave peaks. This can fluctuate during
a single event and vary between different locations within the same region. Periods are usually
in the range of a few minutes (eg, ‘local source/local impact’ tsunami) to an hour or more for a
‘distant source/national impact’ tsunami

tsunami height (m) — taken as the vertical crest-to-trough height of waves, but it is far from
constant, and it increases substantially as the wave approaches the shoreline. It is generally
used only in conjunction with measurements from a sea-level gauge to express the maximum
tsunami height near shore

tsunami amplitude (m) — the height difference between a wave crest and the instantaneous sea
level at the time of arrival. It is used in tsunami warnings

tsunami run-up (m) — a more useful measure; the vertical inundation elevation the seawater
reaches above the instantaneous sea level at the time of the tsunami (including the tide). This
measure still has the drawback that it depends markedly on the type of wave (rapidly rising and
falling, a bore, a breaking wave, the wave period) and on the local slopes of the beach and
foreshore areas, so it is site-specific

inland penetration (m) — the maximum horizontal distance inland from the shoreline or mean-
high-water mark inundated by the tsunami (inundation line). It depends on the tsunami run-up
and local topography, barriers and slopes within the coastal margin.

L/

The arrival of a tsunami wave-train (ie, it typically isn’, QF?)ne wave) is often manifested
by an initial draw down of the level of the sea (mu er thxq,the tide). However, the
first sign may instead be an initial rise iQ sea leve ew, that propagate towards the
coast seldom break before reaching %ears area, ppear to have the whole ocean
behind them. Inundation of the cc% mar nt| until maximum run-up height is
reached before the water tem unamis occur as an advancing
breaking wave front or bore%ch i type ve most people associate with a
tsunami. For the same wgé¥gtiei e sprs/ a lorfder-period tsunami wave-train, such
as generated by a remo urce (s’ fron\

th ica), will cause greater inundation
volumes than a shor eriod Qrve (e Qdloca ce).

L
Distance (m|

© 50000 4 ] S0000
Distance jm) Distance {m}

Modelling tsunami waves approaching the Coromandel and Hauraki Gulf coasts: Modelling tsunami
inundation requires complex computer models that can simulate: the generation of the tsunami; the
way the waves propagate over the ocean; the waves’ interaction with the continental shelf, nearshore
seabed and coastline; and ultimately their flow over and retreat from the coastal margin. Such
modelling requires detailed nearshore bathymetry information and topography, such as LIiDAR data.
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15 Factsheet 4. Components of sea level

wave run-up

_ g -stOrfﬁ fider
tide™

The elevation that the sea reaches al\d;&rell@ mad@efrom the following components:

1. At any given time, ther, redl astr Qlcal tide level above a datum (eg,
Chart Datum or Local m) de oscillates about the mean level of

relating to_s s (an cycl e El Nifio-Southern Oscillation and
the Inter dal P Q%ﬁ@atlon Seasonal sea levels are a few

i |n lat autumn (and a few centimetres lower in
) o phases, sea levels tend to be depressed, and
during LaN s e tend to be higher. IPO in its negative phase can
increa;?e lev (.by é&m MLOS is increasing owing to global warming.

3. Stocér'sur.g e increXse in regional ocean level (excluding the effects of waves)
o lowdR&rometric pressure and winds blowing either onshore or alongshore over
eo with the coast on left). Conversely, high pressure and winds blowing
offshore, or alongshore with the coast on the right, tend to decrease ocean level.

the sea (MLOS).
2. The mean Iev%@% ﬂg LOSNS m&?&d by longer-term climate fluctuations

4. In New Zealand, storm tide is the term used to describe the temporary rise in level
of the sea offshore of the wave breaker zone. Storm tide is the combination of the
above three components (MLOS, the predicted tide at the time of the event and the
storm surge height).

5. At the shoreline, the maximum vertical elevation reached by the sea is a
combination of the wave set-up that is induced landward of the wave breaking zone
and wave run-up (or swash). These act on top of the storm-tide level. Wave run-up
is highly variable even over a short length of coast, varying according to the type of
beach, the beach slope, the backshore features and presence of any coastal defence
structure.
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16 Factsheet 5: Tides

Tides are generated by gravitational forces
exerted by both the Sun and Moon on the
Earth’s oceans. Ocean tide waves then
propagate onto the continental shelf and into
estuaries and harbours, being modified by 38|
wave shoaling (where the tidal wave slows

down and increases in tide range as the

water becomes shallower), friction from the 8§
seabed and constrictions such as estuary ﬁ

entrances, river mouths and straits. 42
Tides are entirely predictable and can be 3
predicted for any day or period many years A
in advance. §
468
The tide range (the difference between high ! A2 " ; .
and low waters) varies around New - Lo:;ilud‘en ™ w

Zealand, reaching 3.5-4 m on the west coast Spring u@nge (in m) around the coast of New
but only 1-2 m on the east coast. Ze X,

A tide mark commonly used to char@@)(se Q) ww f\?/ . .
high tides is mean high water spri X Loura
(MHWS), which is also used W” i

X
coastal planning boundary. @
traditionally calculated fojaHtica Erﬁ N . . .
as the long-term averagéf the st h’% E A
tide that occurs just Er ever NI % ’
full [F] moon (ie g ti Nor of
only about 10-209% of al\ g 0%@ “
exceed such a MHW e ‘

Foxton

MHWS |S a Sl %Conc@nd V &for |t OSSep 125ep 198ep ZGSep D:s;eOct 10{)ct 170cl 24430:96
a.re Wldely ble. rb %Iaﬂd s Comparison of tide range characteristics between
t|de_5 alo cg g‘l eastern Coasts don’t Kaikoura (east coast) and Foxton (west coast).
easil th t monly-used nautical P=perigee, N=new moon and F=full moon.

MH defn@ . For example, at Kaikoura, c. 50% of high tides exceed the nautical
MHWS level. The reason is that there is little difference between the fortnightly neap and
spring tides along the central—eastern region. Instead, the highest tides occur once a month
(every 27.5 days), when the Moon’s elliptical orbit takes it closest to the Earth (ie, when the
Moon is in its perigee [P]). Therefore, in estuaries and open coast locations on the east
coast from Otago to Bay of Plenty, a better “hazard” definition of the peak monthly tides is
to use a ‘pragmatical” MHWS, such that only 10% or 12% of local high tides exceed it; or
use the mean high perigean-spring tide level (a higher tide that occurs in clusters peaking
about every 7 months, often referred as a ‘king tide’, when a perigean and spring tide
combine).

Tide prediction resources

www.niwascience.co.nz/services/free/tides. Open coast tide predictions at any location around New
Zealand for any time period since 1830.

www.hydro.linz.govt.nz/tides/majports/index.asp. Tide predictions at standard and secondary ports
for the following 12 months.
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17 Factsheet 6. Mean High Water Spring (MHWS)

Defining the position of MHWS is . Bigh tds sxcasdanca it Kelkours {4ast aoesd
important as it is used to delineate
the landward jurisdictional boundary
of the Coastal Marine Area (CMA)

1’4

E
g
=
under the Resource Management Act ol TS,
1991 and the Foreshore and Seabed % \
Act 2004. However, defining o ~— i
MHWS is not a straightforward task, Eoe-- \
particularly if an accurate definition = .
is required. There are a variety of h
quantitative and qualitative o0 2 40 % e 7 8 0 1o
definitions of what constitutes a et tdes axceading
MHWS level in use: An exceedence curve of high tides for a 100-year period
’ at Kaikoura showing the different levels relative to mean
e MHWS: The traditional level of the sea (MLOS) for different definitions of MHWS

: : — MHWS (traditional approach); MHWS-12 — level
naUtlca! approagh is based o_n exceedesd(tasoll.;&) 2f i?phc;%ces); MHWI§S - meearfhigh

a quantitative ‘tidal harmonic’  ater perigean-sprin * Also shown are neap high tide
definition of MHWS markers (MHWN @AN)

typically® as the average of

pairs of successive high waters in a 24 ho wod i h semi-lunation
(approximately every 14 days) Ug-dll Mo@yNor in mathematical terms the

sum of M, (lunar) and S, ( 0 tuen owever, for central areas of the
eastern coast of New Zeal suc %fl esults in high tides that exceed such
a MHWS level much Id be pragmatic for defining the
boundary of the C

e MHWPS: This L@‘er lev WK he higher perigean-spring tides that
occur in clus ora fébt on ea proximately every 7 months when a
Full or N cide

Iy WI{h e Moon’s perigee (king tides). Around
New Zeala Q tide ‘e{g ti eded by between 3% and 12% of high tides.

e MHWS-10 Q Th finitions are based on an appropriate percentile
of the hi es th ouldeﬁﬁeed a MHWS level. So, 10% of high tides exceed
MHW, \10 and, of Qi@ tides exceed MHWS-12.

;ge) al A rQatlon of Yatural indicators: A range of natural indicators can be used
rovi qualltatlve assessment of MHWS, including toe of the dune, toe of the

of vegetation, highest line of driftwood, tide marks on fence posts and, for
estuarlzes the seaward edge of glasswort (Salicornia australis) or other salt marsh
plants.

Both Land Information New Zealand and the Environment Court have emphasised that
there is no single definitive method that can be used to establish a natural boundary such as
MHWS; the method used will have to depend on the particular issue under consideration
and natural characteristics of the location.

1 Bell RG. 2007. Use of exceedence curves for defining MHWS and future sea-level rise. In:
Coast and Ports 2007: Proceedings of the 17th Australasian Conference on Coastal and Ocean
Engineering. Melbourne, 17-20 July 2007.

2 Baker RF, Watkins M. 1991. Guidance notes for the determination of mean high water mark for
land title surveys. Report published by the Professional Development Committee of the NZ
Institute of Surveyors. 12 p. + Appendices. www.surveyors.org.nz/Documents/
MeanHighWaterMark-LandTitleSurveys(1).PDF (23 April 2008).
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18 Factsheet 7: Storm surge

Storm surges are temporary increases in
ocean and estuary water levels associated
with storm conditions that last a few hours to
a few days. Storm surge is produced by a
combination of two processes:

o low barometric pressure allows sea
level in a region (100 km?®or more) to
rise above the pre-storm sea level.
This is known as the ‘inverted-
barometer’ effect and results in
approximately a 1-cm rise in sea level
for every 1-hPa drop in barometric
pressure below the mean annual
barometric pressure. In central and
northern New Zealand, mean annual
barometric pressure is about 1014 hPa;
in southern New Zealand it is about

1012-1013 hPa .
srore nshore wind directions around
o strong persistent winds blowing &ther ealagi\{Nat contribute to storm surge at

onshore or alongshore, with ttg% ast @he CO{g\

on the left, cause water to &Q

against the coast.
¥ \\6\ N\

The mix of both the wind &inv edDar effelts can vary widely, depending on the
track of the low-pressu ste the\ § ion of the winds around the
pressure system. H @ver g vevt‘/ arometer effect contributes at least

50% or more to lﬁs ormgge helgm Q/

Storm surge height r @ gegs @ger th \Qm on open coasts around New Zealand but it
may be higher maz{h nes |es a bours. Hence, the coinciding of storm surge with
high tide, and prin ean tidal cycle, is the dominant factor in determining

whether a W@S orm,g@g @é?ult in inundation problems.
PO o
ﬁg@g)la \f the most ' ' ' i ' 50

ing cy! S to hit New 600
Zealand in recent years,
tracked southwards over New
Zealand in early March 1988.
At Marsden Point, the storm
surge measured over 600 mm
(black line). At the peak of the
storm surge, approximately
50% was due to the inverted
barometer effect (blue line)

{10
with the remainder due to the [ %’W Winds
influence of the strong winds Whangaparaoa 1

(red line).

Marsden Pt
storm surge

300 +
Inverted Barometer

L (Whangarei)

Sea level (mm above MSL)
(s/w) paads puim

-300
29-Feb 4-Mar 8- Mar 12-] Mar 16-Mar
1988

Storm surge monitoring

www.niwascience.co.nz/services/free/sealevels. Monitored sea level and storm surge data for the
last 5 days at sea level monitoring sites co-ordinated by NIWA.

www.mulgor.co.nz/. Storm surge data for the last 5 days at Port Taranaki and Marsden Point.
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19 Factsheet 8: Long-term sea-level fluctuations

Longer-term fluctuations (lasting at

least a month) in the mean level of the simner
- S La Nina va Phas La Nifia

sea are important components when 1POLve)

assessing inundation and erosion e s

hazards. These fluctuations are - r -

typically related to: e

o the annual heating apd cooling e W~ "'m* "*

cycle caused by the influence of i
the sun on the ocean. Mean sea SEASONA B0 o
levels tend to be higher in late T
summer and autumn and, over a Long-term fluctuations could alter the mean level of the
year, can fluctuate around sea by up to £0.25 m when all longer-period sea-level

cycles of at least 6 months are included. However, such
+0.04m 9” average, but up to a combination would occur infrequently and last for only
£ 0.08 m in some years a short period of time (ie, mean annual sea level would

. e not fluctuate by as much).
e interannual 2—4 year El Nifio- °

Southern Oscillation (ENSO) <
cycles. Mean level of the sea is depressed duri ifio phases, and is higher
during La Nifia phases, with fluctuations o 0.1Rn on both east and west

coasts of the upper North Island An anal fth gnitude of fluctuations
further south is currently un

o interdecadal 20-30 year CIfI |IIat|0n (IPO) cycles. The rate of
sea-level rise tends to gh ing ne ive phases of IPO and tends to flatten
out during the p05| a S\ [P 01 IPQ facilitates sea-level fluctuations of
up to £ 0.05 m. ee N‘Q hase since about 1999.

\Q e

5*),‘,5\6 Q'i A

1900 1920 1940 1960 1980 2000
Year

Variations in mean annual sea level (black line) from the Port of Auckland sea-level gauge. The line

suggests that long-term fluctuations since 1899 have resulted in a variation in mean annual sea level

of about 0.17 m relative to the linear trend in sea-level rise (straight red line).

The influence of IPO can also be seen in the Port of Auckland data, with higher sea levels generally
occurring during negative phases (smoothed red line showing the 20-year moving average).
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20 Factsheet 9: Datums — Mean Sea Level and Chart

Datum
Several different vertical datums that are used MLOS (2000)
for navigational purposes and on land for — — Wellington Vertical Datum-1953
surveying and engineering purposes. Two are
most common: 111m | o15m
e Chart datum is used for navigation and

for hydrographic charts. It typically Chart Datum

refers to a level b?low which tides do Relationship between chart datum, MSL

not fall (often defined by the lowest (Wellington Vertical Datum-1953) and MLOS

astronomical tide). Standard port tide in the year 2000 for Wellington. The

au are usuallv set to read zero at difference between MSL and M_LOS is due to
gauges ysetto dze the effects of long-term fluctuations and sea-

chart datum. level rise over the period between 1953 and

e Mean Sea Level (MSL) is a land-based 2000.
vertical survey datum. The regional
vertical or MSL datums were based on sea level data@l»lected over several years
(mostly the 1910s to 1940s, but sometimes later, ding on the region). For
example, the local vertical datum in Auckland j ined as “‘Auckland Vertical
Datum-1946°, which means that its deflnlt %Qas based on the mean level
of the sea over a period of time &or to t&g@ar 1899 to 1923).

Caution: MSL is not to be confuségwnh Lev the Sea: MLOS is the average

actual level of the sea measures@ver @ of time (eg, 1 year or several years).
MLOS also includes sea-lev se. )&ce iti . not MSL that equals the present

level of the sea.
’\/

150} ’ ’
g ’. (JQ Q/(‘ % ot Pty
3@‘{ \.’b_?‘-,o ¢~: .. ¢ ot 0”.1"'
(JO?%&Q\ : ** v :: '00:, o*
E 2 "' MSL
B T T datum
-

Plot of annual mean level of the sea (MLOS) comparing the sea level above the relevant LINZ
vertical datum at Auckland (AVD-46) and Mt Maunganui (Moturiki MVD-1953) from 1972 to 2006.
Zero on the vertical axis is the MSL datum. Present-day MLOS is higher than the MSL datum owing
to the effects of sea-level rise over the last 50-80 years since the measurements used to define MSL
datum. MLOS relative to MSL datum is also higher at Auckland than at Mt. Maunganui because
MSL was defined independently and approximately seven years earlier at Auckland. Note that
although sea levels can be physically higher between locations (especially east versus west coasts),
the difference is mostly due to the datums being established at different times.
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Tide marks for cadastral and engineering design purposes

www.linz.govt.nz/core/surveysystem/geodeticinfo/datums-
projections/verticaldatums/tidalinfo/index.html

LINZ provides tide marks at standard ports for navigational purposes and for engineering and
surveying. Marks for the latter are based on tide predictions for the next 19 years and should be
used for all relevant surveying and engineering work, whereas the nautical tide marks are based on
predictions for the coming year only.
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21 Factsheet 10: Waves

Waves around New Zealand’s open coast derive from two sources:
o locally generated waves caused by local winds

o distantly generated (swell) waves formed within the wider Pacific Ocean or
Southern Ocean.

Waves tend to be defined by their significant wave height (Hs), which is the average height
of the highest 33% of waves over a certain period; the wave period (T,), which is the
average time between successive waves; and the wave direction.

Offshore wave conditions around New Zealand can be
subdivided into four major zones in terms of open-coast wave
exposure:

e south-facing coasts, (Fiordland to Catlins, South Island): an
extremely high-energy wave zone (mean Hs = 3—-4 m; T, =
10-12 s; SW-W). Waves are typically steep, indicating a
zone of active wave generation, but also contain a sizable
swell component from the Southern Ocean

western New Zealand coasts: a high-energy wave zone
(mean Hs = 2-3 m; T, = 6-8 s; SW-W). The waves are
steep and respond to the regular passage of weathzr
systems across the Tasman Sea

eastern New Zealand, up to East Cape: a moc.orace to hilth -
energy wave zone (mean Hs =1.5-3m; T,= 59 s; S).
Sheltered from prevailing western winds y the Newy
Zealand landmass but exposad to scuwey winds aiid swell.
Wave steepness is variabl: indicatir.2 4 mixecd s\vell ar.1
local sea

20-year average of the
significant wave height (Hs)
around New Zealand, based on
a deep-water wave model.
Note: results are only
approximate in coastal areas.

northeastern North i1and (E7st Cape te v lerth Cape) a low
—energy, lee shore (mean Hs =12 m; T, =5-7 s, V-E).
Wave steepness Is varien'e. Highect waves occur during
ex-tropical cyclones, o, as swell thac is gere:2ied by Pacific
cyclones well out t¢ thvz nortbzact of the Nerih Island.

In estuaries a arbo av @}’mostly generated by local winds and their height is
limited by Me'wi and W@ depth of water. Fetch is the distance downwind of
contmuo@. pen r, with long fetches allowing the wind to build up larger waves. Wind

est and harbours can still cause erosion and inundation hazards, particularly
dur| very xgg}des or storm tides.

Very little monitoring of wave conditions has been carried out around New Zealand.
Consequently, to assess wave climate and derive probabilities of extreme wave conditions,
use is made of computer models to hindcast wave conditions from past wind conditions
over a sufficient period of time (decades). Two types of model are typically used:

(M) vector & Haight at 1= 1) 71868 12:0:0

o deepwater wave models that simulate
oceanic wave conditions over a large
part of the Southern and Southwest
Pacific oceans (right, upper figure)
based on global wind fields

o nearshore wave models that simulate the
changes in deepwater wave conditions
as the waves approach the shore brought
about by wave refraction, diffraction and
shoaling. These models cover a small
regional area and are driven by
deepwater wave conditions on the
offshore boundary and local winds over
the region being modelled (eg, right,
lower figure for the Bay of Plenty).

s ERERES
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22 Factsheet 11: Wave set-up, run-up and
overtopping

Waves contribute to coastal inundation hazards by three consecutive processes:

e wave set-up — after incoming waves break, the
average level of the water inside the surf zone to
the beach is set up higher than the sea level
offshore from the breaker zone

e wave run-up — the extra height that broken waves
reach as they run up the beach and adjacent coastal
barrier (natural or artificial), until the wave energy
is finally expended by friction and gravity

e overtopping — the spill-over of waves as they reach the crest of the coastal barrier or
defence structure, resulting in flooding of the land and properties behind the barrier.
Depending on the overtopping flow and character of the barrier, the barrier may
breach, increasing the potential for further mundatlon s\Wave spray or splash over a
coastal defence structure can be hazardous for tran networks but inundation
volumes are relatively small.

Setdown

Mean water level

Wave set-up and run ’b \OK I(\\Q

Wave set-up |s\Q enc the ore wave height and wave period, together with the
nearshore ss@@ slo ors may be similar over large stretches of coast in the
dlstrlct h |s ave set -up is sometimes included in the storm-tide level.

Wa\g-mn quﬁd overtopping at any coastal locality is usually quite site-specific,
depending on factors such as beach slope, roughness of the beach (sand, gravel or large
rocks), wave height, exposure to ocean swell, how close inshore waves can penetrate before
breaking, and the characteristics of the land above the beach (eg, dunes, seawall, low cliffs).

Waves also play a major role in causing coastal erosion, by:
o the run-up of high-energy storm waves resulting in erosion of the dune or cliff toe

o large quantities of sediment being de-stabilised and moved back and forth between
the beach and nearshore bars. Gentle swell and more quiescent waves following a
storm usually assist in ‘re-stocking” a beach by slowly combing sediment back onto
the beach, helping the beach to recover. Sequencing of moderate to severe storms
that generate high wave activity is also an important factor in the susceptibility of a
beach or cliff to severe coastal erosion

e variations in the rate of longshore movement of sediment (the movement is due to
waves approaching the coast at an angle to the shoreline). Erosion can occur in this
situation, especially if the drift is predominantly in one direction when any structure
or natural feature traps sediment behind it, ‘starving’ the down-drift coast.
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23 Factsheet 12: ENSO and IPO

Natural fluctuations in New Zealand’s climate are influenced by two key natural cycles,
operating over timescales of years, the EI Nifio-Southern Oscillation (ENSO) and the
Interdecadal Pacific Oscillation (IPO). Both these natural phenomena operate over the
entire Pacific Ocean and beyond, and cause fluctuations in the prevailing Trade Winds and
in the strength of the subtropical high-pressure belt. EI Nifio events occur irregularly, about
3-7 years apart, and there can be large variability in the intensity of individual events.

They typically become established in April or May and persist for about a year thereafter.

During El Nifio conditions New Zealand SO Index
experiences:

o more westerly winds

Index

« slightly high wave conditions off the
southwest coast of the South Island

-4 ]
® depreSSEd sea |EV8|S 1900 1920 o 1940 1960 1980 2000

. Year

o lower likelihood of ex-tropical

. ENSO i sured in terms of the east—west
cyclones affecting New Zealand.

ifrerence, the Southern Oscillation
(SOl v%mch is a scaled form of the
nce in{®an sea-level pressure between

@ @/m The plot above shows monthly
Ol va or the last 20 years. EI Nifios occur
’b whe @ Ol is persistently lower than -1 (and La

A& when the SOl is persistently greater than

ie, above or below the shaded grey area.

During La Nifia conditions New Zealan
experiences:

O
e more northeasterly winds 6
o slightly higher wave itio
oy

the northeast coas e Ia@ /\
« higher sea IerQ’ ,bQ Q
o higher likbh O&Q-tro@%/clong ffecting New Zealand.
TheIPOisa Iong li aC| \de n fluctuation that causes relatively abrupt “shifts’
in circulation p e Pacg cean that can last for two to three decades. It is
strongest in th thern |f|c fects New Zealand’s climate. There are two phases
of IPO, an tlve phase. Three phases have been identified since the

1920s: agboitive. (1922 4), a negative phase (1946—77), and another positive phase
(197& ss&
Positive IPO phases are characterised by: IPO Index (UKMO HadSST2)

e anincreased tendency for El Nifio
events

Index

o adecreased rate of sea-level rise

o increased westerly winds and ;
anticyclones in the north Tasman o T e T i

Year

» atendency for beaches on the IPO is defined by an index based on sea-surface
northeast coastline of the North temperatures (SST). The IPO changes phase
Island to accrete every 20-30 years.

o possibly less frequent and smaller storm surge events

e drier conditions in the north and east.

Negative phases of IPO are characterised by:
e an increased tendency for La Nifia events
e an increased rate of sea-level rise
o weaker westerlies, more easterlies and northeasterlies over northern New Zealand
o atendency for beaches on the northeast coastline of the North Island to erode
o possibly more frequent and larger storm surge events.
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