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Executive Summary

In July 2021, Christchurch City Council (CCC) commissioned Jacobs to conduct a risk-based coastal erosion and
inundation hazard analysis for land-use planning. This sought to identify appropriate risk-based thresholds and
scenarios for defining coastal hazard categories for use in land use planning.

New information on the coastal hazards was developed for CCC in the Coastal Hazard Assessment (CHA) by

Tonkin and Taylor (Ltd). This data will inform public consultation about adaptation to coastal hazards. Itis

anticipated that a new Coastal Hazards Plan Change to the District Plan will be required to develop planning
provision to address this new hazard information.

The objectives of our project were to:

a) Define arange of suitable hazard thresholds and applicable scenarios: to develop low, medium, and high
hazard areas

b) Recommend a preferred approach to the categorising and mapping of hazards to inform the drafting of plan
change provisions appropriate to the differing levels of risk.

A review of the approaches currently used in District and Regional Plans in New Zealand, non-statutory
documents and consideration of international guidance was undertaken to inform the choice of risk thresholds
and scenarios.

Thresholds were developed for the new erosion and inundation coastal hazard data which was in the form of
bathtub modelling data for inundation and a range of methodologies for erosion along differing coastline types.
A range of approaches to define areas of low, medium and high risk were developed and compared, from which a
preferred approach was recommended.

To account for climate change and sea level rise (SLR) impacts on increasing hazard exposure, SLR scenarios of
0.6 m SLR by 2080 and 1.2 m SLR by 2130 were selected for both erosion and inundation hazards.

For inundation, the 1% annual exceedance probability - a reasonably foreseeable event and the smallest
probability available in the T+T data — and the 1.2m SLR scenario were selected to define the overall extent of
inundation hazards. This scenario ensures intergenerational needs, and a precautionary approach are applied to
the planning framework.

Thresholds are based on the water depth for the 1% annual exceedance probability with 1.2m SLR and were
developed by considering the hazard to people who need to access, egress, or use the buildings during a flood.

The depth threshold values were informed by published guidelines and used to define four coastal flood risk
categories — high/medium/low/very low — which allow for a consideration of the change in the flood depth
between the higher confidence SLR scenario (0.6m) and the lower confidence, further into the future (1.2m)
scenario. The recommended flood risk categories are presented in Table 1.1.

Table 1.1: Recommended definitions for coastal flood risk mapping using the CHA inundation depth data (d = water
depth from the CHA for 1% annual exceedance probability)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None (dry) Low (d <0.5m)
Low Low (d <0.5m) Medium  (0.5m<d<1.1m)

1“Scenario” refers to a combination of a future time period and climate change scenario (RCP) which together determine a projected rise in mean sea
level (SLR) and consequent increase in hazard.
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Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Medium Medium  (0.5m<d<1.1m) High (d>1.1m)
High High (d>1.1m) High (d>1.7m)

For Erosion, based on the assumption that the permanent loss of land due to erosion is always high, likelihood
was selected as the key determinant of erosion thresholds, being the statistical probability that a certain erosion
distance will occur within a given timeframe.

Several thresholds across different SLR timeframe were tested to assess whether they can meet the requirements
under the RMA of defining reasonable foreseeable hazards, and that the resulting hazard zones meet the needs
of future generations. The analysis also took into account the various assessment methods applied by T+T in
different areas of the District. The recommended combination of thresholds and scenarios are:

1) For the Christchurch City urban area open coast - two erosion zones compromising of:
a) A High Hazard Coastal Erosion Zone covering the whole current beach-dune width, and

b) Where required, A Low Hazard Coastal Erosion Zone to a lowland limit defined by the 10% probability
erosion distance with 1.2 m SLR by 2130 and an additional area required for “future healthy beach
factors”.

2) For the Avon-Heathcote Estuary; two erosion zones comprising of:

a) A High-Medium Hazard Coastal Erosion Zone to a landward limit defined by the 66% probability
erosion distance with 0.6 m SLR by 2080, with consideration of a consistent generic width of 20 m
across all cells to be equal to the largest ASCE in any cell under this scenario/threshold option, and

b) A Low Hazard Coastal Erosion Zone to a landward limit defined by the 10% probability erosion distance
with 1.2 m SLR by 2130 with consideration of a consistent generic width of 20 m across all cells to be
equal to the largest ASCE in any cell under this scenario/threshold option

3) For the beaches and bays of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour - a single Banks
Peninsula Bays Coastal Erosion Hazard Zone, with the landward limit defined for:

a) Probabilistic assessment cells, as the 10% probability of erosion distance for 1.2 m SLR by 2130, and

b) Deterministic assessment cells, the limit of the ASCE from the 1.5 m SLR by 2130 scenario, which has
an assumed probability of 1-5%.

4) For the coastal cliffs of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour - a single Banks
Peninsula Cliff Erosion Zone of 20-30 m width as defined by the generic T+T cliff erosion setback.

5) For assessment cells along the southern shore of the Avon-Heathcote estuary, Sumner Beach, Lyttelton Port
and Akaroa township where there are land reclamation and substantial hard protection structures - a single
High Hazard Coastal Erosion Zone hazard zone with a generic width in the order of 20 m.

Maps have been created showing the hazard zones relating to the recommended inundation and erosion risk
categories. These have been provided to CCC as a spatial layer. Maps of all the other options considered are
provided in a spatial viewer accessible to the project team. It is recommended that CCC discuss proposed plan
provisions and methods further with the authors to identify whether they are broadly consistent with the
reasoning behind the definition of thresholds and choice of scenarios.
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Important note about your report

The sole purpose of this report and the associated services performed by Jacobs is to develop a risk-based
approach to analysing coastal hazards to be used in land-use planning in accordance with the scope of services
set out in the contract between Jacobs and Christchurch City Council (‘the Client’). That scope of services, as
described in this report, was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report from information sourced from the Client and/or available in the public
domain at the time or times outlined in this report. The passage of time, manifestation of latent conditions or
impacts of future events may require further examination of the project and subsequent data analysis, and re-
evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs has prepared this
report in accordance with the usual care and thoroughness of the consulting profession, for the sole purpose
described above and by reference to applicable standards, guidelines, procedures and practices at the date of
issue of this report. For the reasons outlined above, however, no other warranty or guarantee, whether expressed
or implied, is made as to the data, observations and findings expressed in this report, to the extent permitted by
law.

This report should be read in full, and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

The coastal hazard data and information analysed in this assessment was developed by Tonkin and Taylor Ltd for
Christchurch City Council and this information has been used as provided with no review of the accuracy of that
information or its method of development.

This report has been prepared on behalf of, and for the exclusive use of, the Client, and is subject to, and issued in
accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no liability or
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party.
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Table 1.2: List of Acronyms and Abbreviations used in this report

Acronyms and Abbreviations
AEP

ARG

ASCE

cce

CHPC
DEFRA
DEM

IPCC
LiDAR
LINZ

LVD (LTN37)
MfE
NZCPS
NzVD2016
RCEP

RCP

RMA

RPS

SLR

SspP

T+T

Details

Annual Exceedance Probability

Six Assessment Report

future Areas Susceptible to Coastal Erosion
Christchurch City Council

Coastal Hazards Plan Change

Department of Environment, Food and Rural Affair
Digital elevation Model

Intergovernmental Panel on Climate Change
Light Detection And Ranging

Land Information New Zealand

Local Vertical Datum (Lyttelton datum 1937)
Ministry for the Environment

New Zealand Coastal Policy Statement

New Zealand Vertical Datum 2016

Regional Coastal Environment Plan for the Canterbury Region
Representative Concentrations Pathways
Resource Management Act

Regional Policy Statement

Sea Level Rise

Shared Socio-economic Pathways

Tonkin & Taylor Ltd
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1. Introduction

11 Background

CCC are proposing to undertake a plan change to update Coastal Hazards aspects of the Christchurch District
Plan. To inform consultation on adaptation to coastal hazards and a future Coastal Hazards Plan Change (CHPC)
Tonkin and Taylor (Ltd) (T+T) generated updated coastal hazard assessment data and have provided this to CCC.

CCC propose to use a risk-based approach under which land use, development and subdivision in coastal areas of
the district are managed according to the level of risk of coastal inundation and erosion. Under this approach
there will be more restrictive controls in high hazard areas, while activities in low and medium hazard areas would
be managed according to the level of risk and sensitivity of the activity to the risk.

Under a risk-based approach, there is a need to define appropriate sea level rise (SLR) scenarios and boundary
thresholds between hazard levels or categories of risk for areas exposed to coastal inundation and erosion. CCC
have commissioned Jacobs to investigate and recommend justifiable and appropriate scenarios and thresholds
for defining the coastal hazard categories for land use planning over the whole of the Christchurch District (i.e.
both the city urban area and Banks Peninsula).

The purpose of this report is to present the analysis undertaken to justify the recommended thresholds for the
hazard categories and to present the spatial extent of the resulting hazard zones for both coastal inundation and
erosion. Itis understood that this analysis and recommendations will be used in Issues and Options consultation
with communities and stakeholders on the CHPC in conjunction with consultation on the Coastal Hazards
Adaptation Planning Programme also being undertaken by CCC.

The data provided by CCC to undertake this analysis is from the recent Coastal Hazard Assessment prepared by
T+T, which is summarised in Section 3 of this report. Itis recognised that the primary purpose of the T+T
assessment was to inform the Coastal Hazards Adaptation Planning Programme, however, as explained in the
Technical Reporting for the assessment “The results of the assessment could also inform a range of other
purposes including review of the coastal hazards provisions in the Christchurch District Plan, provided the
uncertainties and limitations are understood and appropriately managed”.

1.2 Framing of Key Terms used in this Report

The scope of our work was to identify a range of high, medium, and low hazard exposure categories for coastal
erosion and inundation hazards. Hazard category levels indicate the level at which a hazard factor, could
adversely impact different phenomena, such as people’s lives, properties and infrastructure, or cause harmful
consequences to them. Hazard thresholds adopted in this study, refer to the boundaries between different hazard
categories, where a hazard changes its consequence category level, for example, from medium to high.

Then, hazard exposure categories aimed to be applied to a range of “scenarios”. These scenarios would then be
mapped to show the spatial extent of the three hazard exposure category areas.

The application of hazard and risk terms in the literature has always been challenging and these terms have often
been used interchangeably. It is therefore important to frame these key terms in this report to avoid further
confusion.
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We adopted the framing of hazard and risks concepts that is consistent with MfE 20172 and 20202 and more
broadly, with Intergovernmental Panel on Climate Change (IPCC) discourse. This framing acknowledges a
conceptual difference between hazard and risk where risk is the outcome of interactions between hazards,
exposure, and vulnerability (Figure 1.1).

IMPACTS

" Vulnerabllity SOCIOECONOMIC
CLIMATE / i : PROCESSES

Natural Socioeconomic

Variability Pathways
RISK . Adaptation and
Mitigation
Anthropogenic Actions
Climate Change

Governance
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and Land-use Change

Figure 1.1: Interaction between hazard, exposure and vulnerability create risk (Source: IPCC, 2014) reproduced in
(MfE 2020)

Hazard refers to the severity and magnitude of a natural or human or climate change induced driver or trend that
causes harmful impacts (consequences) on natural, built environment, or social systems (MfE 2020).
Accordingly, exposure is the lack of systems (i.e., property, infrastructure, human) protection against adversity
(adverse hazard factors) in a hazard prone area, that could cause negative impacts.

In this report hazard addresses the physical extent at which erosion or inundation may interact with the land in
the future. Therefore, for erosion it is the range of potential future coastline positions which could occur with
differing amounts of future erosion. For inundation the hazard is the area potentially susceptible to inundation by
water arising from coastal flooding. These hazard areas have been developed for CCC and this report by T+T.

Risk as noted above is typically considered as the interaction between the hazard, exposure of things to that
hazard and the vulnerability of the things that are exposed. In this report we are identifying risk “thresholds” to
apply broadly across the whole of the city and Banks Peninsula for District Planning purposes to control current
and future land-use change and development. As such we are not seeking to consider the specific
exposure/vulnerability of current activities to the hazard. For future activities that consideration will be
addressed within the planning zoning, plan provisions and future consenting decisions on specific activities. We
are however using existing risk categorisation guidelines that consider exposure and vulnerability when

2 Ministry for the Environment. (2017) Coastal Hazards and Climate Change: Guidance for Local Government, ME1341, December 2017.
3 Ministry for the Environment. 2020. National Climate Change Risk Assessment for Aotearoa New Zealand: Main report — Arotakenga Tdraru mé te
Huringa Ahuarangi o Aotearoa: Pdrongo whakatépd. Wellington: Ministry for the Environment.
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developing our thresholds. As an example, international risk categories for flooding depth that are based on the
vulnerability of specific age groups are used to underpin our recommendations

A “Threshold” was conceptually to be used in this work as a method of categorising between areas of differing
level of risk. This was the method by which some characteristic of the hazard was to be used to determine
between high, medium and low risk. “Scenarios” were the range of SLR curves under various RCP emission
scenarios, timeframes and event return periods that were considered most suitable for use for District Planning
purposes.

These threshold and scenario definitions are easier to consider for inundation hazard risk. As the threshold can
be, for instance, a water depth that defines high hazard. Then the scenario is a particular sea level rise at a given
point in time applied to a given return period of flood event. For erosion hazards this same distinction between
threshold and scenario was not able to be made as the various factors being considered (sea level rise via RCP
emission pathway, probability of erosion occurring and timeframe) have to be combined together into one
combined risk threshold/scenario. This is further explained in Section 5.

The outcome of this report is therefore the identification and mapping of areas of high, medium, and low risk
which we generally refer to as risk “Categories”. A glossary of terms is provided in Appendix D.

1.3 Methods

To undertake this analysis of suitable risk based approaches to coastal hazard management for land use planning
we had the following approach to the study:

=  We assembled a team including coastal science, flood modelling, RMA planning, coastal adaptation and GIS
data management skills to all provide input into the options.

=  We started with a review of existing approaches to coastal erosion and inundation hazard management
within New Zealand District and Regional Plans, guidance documents and also made reference to selected
international literature. This information set the scene for our consideration for what may be suitable
approaches.

=  The new council coastal hazard data was provided by T+T and we developed a web viewer for the project to
view this data plus the existing mapped extents of hazards from the existing RPS, District Plan and other
flood modelling. This viewer was then used to view and consider our mapped threshold/scenario options.
The T+T data was reviewed to consider its suitability for setting different types of thresholds.

=  Asetof thresholds were developed for inundation and erosion hazards. These were originally intended to be
high, medium and low categories but have been modified to better suit the available data and environments.
These thresholds were workshopped with CCC.

=  Following the workshop, scenarios were developed in which these thresholds would apply, these were
generally expected to be chosen ranges of SLR based on RCP emissions pathways and could also include
timelines and event magnitudes. In delivery we blended the thresholds and scenarios together to get a
better outcome. The identified thresholds and scenarios were mapped to allow an understanding to be
made of the spatial extent of each risk category (high, medium and low) and allow comparison of the
outcome between the various scenarios. This was used to determine the preferred thresholds and scenarios
in a second workshop with CCC.

=  Comparison of these thresholds/scenarios was also made to current hazard mapping and using alternative
data sets to generate the hazard category maps.

The above work has then been written up in this report with the additional deliverable being a spatial layer of the
maps of the preferred threshold/scenario approach.
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Report Structure

The report is presented in the following sections:

Section 2 documents a high-level overview of our review of other relevant approaches to defining erosion
and inundation risk

Section 3 sets out the planning context of the project, which is important to develop approaches for
identifying thresholds and scenarios

Section 4 discusses the T+T coastal hazard data provided t Jacobs and the processing methodology
undertaken by Jacobs to be able to use this data to analyse and map potential thresholds as boundaries to
hazard categories

Section 5 presents a selection of the most appropriate SLR scenarios for use defining the hazard categories,

Sections 6 presents the results of the analysis to define the thresholds for a risk-based approach to coastal
inundation hazard planning

Sections 7 presents the results of the analysis to define the thresholds for a risk-based approach to coastal
erosion hazard planning

Section 8 provide a brief conclusion and summary of the recommended scenarios- thresholds-categories for
use in consultation with communities and stakeholders on the CHPC.
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2. New Zealand and International Review of Risk Categorisation
Approaches

A review was undertaken of the current range of approaches to assessing and categorising the risk of coastal
erosion and inundation hazards within relevant New Zealand local government plans (e.g., District and Regional
Plans), relevant New Zealand guidance (e.g., central government guidance and legislation) plus reference was
also made to risk classification approaches from selected international hazard management documents. This
section provides a high-level summary of the outcome of that review, the detail of the review is provided in
Appendix B.

The findings suggest a variety of parameters for categorising hazards+ and defining associated thresholds in New
Zealand and internationally. For flooding and coastal inundation, velocity, depth and likelihood (in form of
Annual Exceedance Probability (AEPs)), were the most frequent parameters.s

By way of example, Waikato Regional Council (WRC) used depth as the only parameters for categorising flood
hazard within the Waikato River zone (Figure A.3). However, WRC adopted a combination of depth and velocity
for the hazard outside the River zone (Figure A.4). By comparison, Waimakariri District Council applied likelihood
and depth for categorizing inundation hazard levels. According to these categories, for 0.5% (1 in 200) AEP
flooding events, flood depth lower that 0.3 metre (m) is associated with low flood hazard, depth between 0.3 to
1m is associated with medium flood hazard, and more than 1m flood depth was associated with high hazard
area. The Christchurch District Plan adopted Canterbury Regional Policy Statement (RPS) recommendations and
selected a combination of flood likelihood, velocity and depth to define hazard categories and thresholds. The
Plan defined a high flood hazard management area if the depth(m) x velocity(m/s) ina 0.2% (1 in 500) AEP
flood is equal or greater than one.

From an international perspective, the Australian Disaster Resilience Handbook Collection 2017, adopted a six-
flood hazard vulnerability classification by combining flood depth and velocity (see Table A.1 in Appendix A for
more information). DEFRAe developed a hazard matrix that accounts for a combination of velocity and depth in
categorising flood hazard for people and buildings.

Compared with flood hazard, less information was found on categorizing erosion hazard. However, several
documents address likelihood and consequence as useful parameters for categorising erosion hazard. For
example, Auckland Unitary Plan adopted likelihood, magnitude and consequence as parameters to define
erosion hazard categories. Canterbury Regional Policy Statement (RPS) address likelihood as the best
representative of erosion hazard.

Table A.1, Appendix A summarises the findings of the literature review on available methodologies for
categorising the hazards and associated thresholds. This review was used to underpin the approach developed
within this document by seeking to understand the available relevant and recent approaches to risk
categorisation and especially the approaches that are already being used within district or regional planning in
New Zealand.

4 Some documents adopted hazard synonymously with risk, therefore, they used hazard and risk categories interchangeably

5 The probability that an event will be exceeded in any one year. So, a 1 % AEP event, has 1% probability of being exceeded in any year.

6 Some documents also included vulnerability and sensitivity as parameters in categorising hazard/risk. However, according to our framing,
incorporation sensitivity and vulnerability require accounting for social, cultural and economic values, which fall beyond hazard
assessment/categorisation process.

7 Australian Government (2017) Supporting document for the implementation of Australian Disaster Resilience Handbook 7 Managing the Floodplain:
A Guide to Best Practice in Flood Risk Management in Australia (AIDR 2017), The Technical flood risk management guideline: Flood hazard
Australian Disaster Resilience Handbook Collection 2017

8 Framework and Guidance for Assessing and Managing Flood Risk for New Development, UK Defra/Environment Agency Flood and Coastal Defence
R&D Programme FD2320/TR22
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3. The New Zealand Planning Context

This assessment will provide information to inform consultation regarding the proposed CHPC to the
Christchurch District Plan and is likely to inform any future plan change. As such, it is important to understand
the statutory planning framework and its relevant to hazard assessment. The planning framework provides
guidance on the relative importance of addressing hazard impacts, the types of hazard risks/effects that should
be considered, and the timeframe for projections. Decisions made under the resource management and planning
framework establish a baseline for future outcomes.

This section provides a high-level summary of relevant planning documents and related policies however, it does
not provide a determination as to either preferred responses or the level of assessment commensurate with that
undertake for a Section 32 assessment.

31 The Resource Management Act 1991

The current NZ planning framework has been established under the Resource Management Act 1991 (RMA). The
RMA provides the overarching legislation for sustainable management at the national, regional and district/city
levels and provides scope, content and outcomes sought in planning documents. A review of the NZ resource
management system is currently underway, and an overhaul of the planning framework is proposed. For now, the
RMA remains the relevant legislation under which this study has been undertaken.°

Part 2 of the RMA details its purpose and principles, with the principles following a hierarchy beneath the
purpose (i.e. sections 5 — 8). Part 2 sets out with the purpose of the RMA:

(1) The purpose of this Act is to promote the sustainable management of natural and physical resources.
(2) In this Act, sustainable management means 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 while —

(a) sustaining the potential of natural and physical resources (excluding minerals) to meet the reasonably
foreseeable needs of future generations; and

(b) safeguarding the life-supporting capacity of air, water, soil, and ecosystems; and

(c) avoiding, remedying, or mitigating any adverse effects of activities on the environment.
As can be seen from above, the purpose of the RMA is focused on the sustainable management of resources, as
opposed to “sustainable development” which is more widely used internationally.ze A key aspect of sustainable

management is ensuring that community wellbeing is delivered in a manner which protects their health and
safety. This is also linked to providing the reasonably foreseeable needs of future generations.

9 The NZ Government is currently in the process of replacing the RMA with three new Acts:
. Natural and Built Environments Act (NBA) to provide for land use and environmental regulation (this would be the primary replacement for
the RMA).
. Strategic Planning Act (SPA) to integrate with other legislation relevant to development, and require long-term regional spatial strategies;
and
. Climate Change Adaptation Act (CAA) to address complex issues associated with managed retreat and funding and financing adaptation.

10 The key difference between ‘sustainable development’ and ‘sustainable management’ is that the latter removes the presumption that a portion of
the environment (e.g. land) can be modified/used by humans as of right.
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Also, Section 5 of part 2 indicates the ability of councils to take action to protect communities against hazards
(i.e., protect their health and safety). When determining the risks of these hazards, councils should consider those
hazards which are reasonably foreseeable. This wording implies that extreme or unlikely hazard scenarios should
not be employed in the decision making under the RMA. Rather the application of SLR scenarios and hazard
thresholds (e.g. frequency for flooding, probability of occurrence in timeframe for erosion) should be based on
certainty and likelihood, the more certain or likely of which should then be employed to develop the content of a
future plan change and/or other responses.

Section 4 of this report has detailed how “reasonably foreseeable” has been employed when considering the
health and safety risks associated with coastal hazards.

Part 2 then proceeds to the “matters of national importance™

In achieving the purpose of this Act, all persons exercising functions and powers under it, in relation to managing
the use, development, and protection of natural and physical resources, shall recognise and provide for the
following matters of national importance:

(a) the preservation of the natural character of the coastal environment (including the coastal marine area),
wetlands, and lakes and rivers and their margins, and the protection of them from inappropriate subdivision,
use, and development:

(b) the protection of outstanding natural features and landscapes from inappropriate subdivision, use, and
development:

(c) the protection of areas of significant indigenous vegetation and significant habitats of indigenous fauna:

(d) the maintenance and enhancement of public access to and along the coastal marine area, lakes, and
rivers:

(e) the relationship of Maori and their culture and traditions with their ancestral lands, water, sites, waahi
tapu, and other taonga:

(f) the protection of historic heritage from inappropriate subdivision, use, and development:
(g) the protection of protected customary rights:
(h) the management of significant risks from natural hazards.

Section 6(h) gives direction to both recognise and provide for the management of significant risks from natural
hazards. Furthermore, while section 6(h) does not restrict either the type or timeframes associated with natural
hazard, it identifies that councils have a duty, at a minimum, to management risks that are significant. However,
section 6(h) does not prevent councils from considering other risks (i.e. risks less than significant in scale or risks
associated with other types of hazards). Significant risks are not defined within the RMA but are left to non-
statutory guidance documents and planning authorities to define and determine (such as National Climate
Change Risk Assessment for New Zealand 2020). Significant risk has not been specifically defined in this report
however the determination of hazard categories based on thresholds and scenarios determines where the risk is
significant and where it may choose to be managed by future Plan provisions.

Section 7 of the RMA details “other matters”:

In achieving the purpose of this Act, all persons exercising functions and powers under it, in relation to managing
the use, development, and protection of natural and physical resources, shall have particular regard to—
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(a) kaitiakitanga:

(aa) the ethic of stewardship:

(b) the efficient use and development of natural and physical resources:
(ba) the efficiency of the end use of energy:

(c) the maintenance and enhancement of amenity values:

(d) intrinsic values of ecosystems:

(e)[Repealed]

(f) maintenance and enhancement of the quality of the environment:

(g) any finite characteristics of natural and physical resources:

(h) the protection of the habitat of trout and salmon:

(i) the effects of climate change:

(j) the benefits to be derived from the use and development of renewable energy.

Section 7(i) provides useful guidance to councils, in that it directs them to have particular regard to the effects of
climate change. Again, these effects are themselves undefined in the RMA and it is left to planning instruments
(e.g. the NZCPS,1t RPS's?) to determine the types and timeframes of such effects. This is discussed in further
detail in Section 2.3. This provides further justification to the purpose of this analysis of appropriate scenarios
and thresholds for use in risk based coastal hazard planning, bearing in mind that the “effects” should be driven
in part by both whether these effects are reasonably foreseeable (RMA section 5) and that the risks are
significant (RMA section 6(h)).

The last section (section 8) of RMA Part 2 relates to linking RMA decision-making to the Treaty of Waitangi. In
achieving the purpose of this Act, all persons exercising functions and powers under it, in relation to managing
the use, development, and protection of natural and physical resources, shall take into account the principles of
the Treaty of Waitangi (Te Tiriti 0 Waitangi).

Section 8 highlights the importance of engagement with local iwi to ensure that the full quantum of risk and
effects of coastal hazards is complied. This is particularly important given the intrinsic nature of many cultural
values which may not be clearly apparent when undertaking hazard assessments in a purely technical manner. It
should be noted that this analysis of coastal hazard scenarios/thresholds for a risk based approach to land use
planning has not considered effects on cultural values, both physical and intrinsic. Rather, we recommend that
the consideration of such effects should be undertaken in direct consultation with the potentially affected hapu
and other relevant mana whenua entities.

3.2 Plan Changes

Given this analysis relates to a potential change to the Christchurch District Plan, it is useful to consider the
purpose of a district plan. Under section 31 of RMA details the functions of territorial authorities (like CCC):

11 New Zealand Coastal Policy Statement, 2010
12 Regional Policy Statements
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(1) Every territorial authority shall have the following functions for the purpose of giving effect to this Act in its
district:

(a) the establishment, implementation, and review of objectives, policies, and methods to achieve
integrated management of the effects of the use, development, or protection of land and associated natural
and physical resources of the district:

(aa) the establishment, implementation, and review of objectives, policies, and methods to ensure that there
is sufficient development capacity in respect of housing and business land to meet the expected demands of
the district:

(b) the control of any actual or potential effects of the use, development, or protection of land, including for
the purpose of—

(i) the avoidance or mitigation of natural hazards; and
(i) [Repealed]

(ila) the prevention or mitigation of any adverse effects of the development, subdivision, or use of
contaminated land:

(iii) the maintenance of indigenous biological diversity:
(c) [Repealed]
(d) the control of the emission of noise and the mitigation of the effects of noise:

(e) the control of any actual or potential effects of activities in relation to the surface of water in rivers and
lakes:

(f) any other functions specified in this Act.

(2) The methods used to carry out any functions under subsection (1) may include the control of subdivision.

The above clauses demonstrate why the district plan will address coastal hazards, both through avoidance and
mitigation. It also indicates a clear accountability of councils to restrict subdivision in those areas affected by
natural hazards.

The assessment process for new district plans and plan changes is detailed in section 32 of the RMA, which
requires an evaluation of the extent to which the objectives of the proposal are the most appropriate way to
achieve the purpose of the Act (section 32(1)(a)). A plan change will contain the following:

A description of the environmental issue(s) which are being addressed

The proposed/altered objectives and policies (i.e. that will be incorporated into the district plan and relate
to the outcomes sought)

Details of the methods that will be employed to achieve the objectives and policies (these may include
methods outside of the district plan/RMA)

Any rules, standards and assessment criteria which will be incorporated into the district plan.

This analysis of potential coastal hazard scenarios and thresholds for a risk-based approach will directly input
into consultation for the potential CHPC and its various components and may then be used to support the
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actual plan change. Itis therefore relevant to understand what must be included in plan change reports (known
as section 32 reports).

Section 32 of the RMA is broken down into several sub-sections, starting with section 32(1):
(1) An evaluation report required under this Act must—

(a) examine the extent to which the objectives of the proposal being evaluated are the most appropriate way
to achieve the purpose of this Act; and

(b) examine whether the provisions in the proposal are the most appropriate way to achieve the objectives
by—

(i) identifying other reasonably practicable options for achieving the objectives; and
(ii) assessing the efficiency and effectiveness of the provisions in achieving the objectives; and
(iii) summarising the reasons for deciding on the provisions; and

(c) contain a level of detail that corresponds to the scale and significance of the environmental, economic,
social, and cultural effects that are anticipated from the implementation of the proposal.

Section 32(1)(a) provides guidance as to the overall purpose of an evaluation report (section 32 report). It
provides a clear link back to section 5 (the purpose of the RMA) by requiring any proposed objectives to be the
most appropriate way to achieve the RMA’s purpose.

Section 32(1)(b) then sets out how a plan change’s provisions (i.e. policies, rules, standards and other methods)
are the most appropriate way to achieve a plan change’s stated objectives. The “appropriateness” of these
provisions is further broken and required them to be reasonably practicable and efficient. There must also be
clear and articulate argument provided for how the provisions are both reasonably practicable and efficient.
While this analysis will not recommend specific adaptation responses, it does provide the justification of how the
hazard categories were defined, and therefore the basis for spatial differences in adaptation responses or
planning provisions.

Lastly, section 32(1)(c) requires reporting to be commensurate with the scale of the significance of the effects
which may occur from the adoption of a plan change’s provisions. This requirement has been considered in the
analysis presented in Sections 5 and 6 of this report to define the most appropriate boundaries of different
hazard categories.

Section 32(2) provides additional guidance as to how the efficiency and effectiveness of a plan change’s
provisions should be assessed (i.e. section32(b)(ii)):

An assessment under subsection (1)(b)(ii) must—

(a)identify and assess the benefits and costs of the environmental, economic, social, and cultural effects that
are anticipated from the implementation of the provisions, including the opportunities for

(i) economic growth that are anticipated to be provided or reduced; and

(if) employment that are anticipated to be provided or reduced; and
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(b) if practicable, quantify the benefits and costs referred to in paragraph (a); a(c) assess the risk of acting or
not acting if there is uncertain or insufficient information about the subject matter of the provisions.

Section 32 (2) places significant weight on the economic effects of a plan change and, the effects on economic
growth and employment. While the analysis presented in this report does not include an economic impact
assessment, the following discussion is included here to ensure that such an assessment is included in the CHPC.
While the effects on environmental, social and cultural wellbeing are not excluded, the risk assessment should
consider the economic effects, for example loss of development rights that may arise from a proposed plan
change. As such, the removal of development rights and restrictions of land use activities needs to be balanced
against the potential effects arising from reasonably foreseeable and significant natural hazards.

Section 32(3) is also relevant, given that the analysis presented in this report will be employed to support a plan
change:

If the proposal (an amending proposal) will amend ... plan, or change that is already proposed or that already
exists (an existing proposal), the examination under subsection (1)(b) must relate to—

(a) the provisions and objectives of the amending proposal; and

(b) the objectives of the existing proposal to the extent that those objectives—
(i) are relevant to the objectives of the amending proposal; and
(ilwould remain if the amending proposal were to take effect.

In essence, the existing District Plan acts as a baseline when considering whether the effects of coastal hazards
has been adequately addressed. This would include consideration as to whether the current District Plan has
previously identified and addressed the relevant hazards (and associated significant risks). The objectives,
policies and standards of the District Plan have been considered, as detailed below, with regard to the currently
policy and regulatory framework for coastal hazards in Canterbury.

33 Existing Planning Framework

As previously stated, this analysis considered various statutory planning documents and guidance which are
relevant to hazard assessment (including coastal hazards). While a detailed review of these documents is
required in developing any future section 32 report, it is useful to address the planning framework for coastal
hazards in New Zealand, as well as more specifically within Canterbury and Christchurch. The documents
considered in this study include:

=  New Zealand Coastal Policy Statement 2010 (the NZCPS)

=  Canterbury Regional Policy Statement (the RPS)

= Regional Coastal Environment Plan for the Canterbury Region (RCEP)
= Christchurch District Plan

=  MIfE Guidance for Local Government “Preparing for Climate Change 2017.
These five documents are discussed briefly in turn with more detailed considerations provided in Appendix B.
331 New Zealand Coastal Policy Statement 2010 (NZCPS)

The NZCPS provides national direction for the management of, and adaption to coastal hazards via:
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=  Objective 5: To ensure that coastal hazard risks taking account of climate change, are managed by
e Locating new development away from areas prone to such risks
e Considering responses, including managed retreat, for existing development in this situation; and
e  protecting or restoring natural defences to coastal hazards

=  Policy 3: Precautionary approach: (1) Adopt a precautionary approach towards proposed activities whose
effects on the coastal environment are uncertain, unknown, or little understood, but potentially significantly
adverse. (2) In particular, adopt a precautionary approach to use and management of coastal resources
potentially vulnerable to effects from climate change

=  Policy 24: The identification of coastal hazards (gives priority to the identification of areas at high risk of
being affected over at least 100 years),

=  Policy 25: Subdivision, use and development in areas of coastal hazard risk (avoid increasing the risk,
encourage reducing the risk by locating outside areas of risk, and discourage hard protection)

=  Policy 26: Natural defences against coastal hazards (recognise and provide for)

=  Policy 27: Strategies for protecting significant existing development from coastal hazard risk (development
of range of options).

332 Canterbury Regional Policy Statement (RPS)

The objectives and policies of the RPS Chapter 11 “Natural Hazards” are consistent with the direction set by the
NZCPS - that land use activities should avoid increasing natural hazard risks. The framework also recognises and
provides for the projected increases in sea levels and associated hazards. It sets out the types of risks to be
considered, principally loss of life or significant damage to property. The policies are directive and set out
specific requirements for building in inundation areas. This direction has been incorporated into this study’s
identification of risks. The policy framework also set out the requirement for district and city councils to
investigate, map and address natural hazards, with specific regard given to the effects of sea level rise and
climate change.

RPS Policy 11.3.1 (Avoidance of inappropriate development in high hazard areas) provides a definition for “high
hazard areas” which for the Christchurch District includes:

1) flood hazard areas subject to inundation events where the water depth (metres) x velocity (metres per
second) is greater than or equal to 1, or where depths are greater than 1 metre, in a 0.2% AEP (1 in 500 year)
flood event;

3) land within greater Christchurch likely to be subject to coastal erosion including the cumulative effects of
sea level rise over the next 100 This includes (but is not limited to) the land located within Hazard Zones 1
and 2 shown on Maps in Appendix 5 of this Regional Policy Statement that have been determined in
accordance with Appendix 6, and

4) land subject to sea water inundation (excluding tsunami) over the next 100 years. This includes (but is not
limited to) the land located within the sea water inundation zone boundary shown on Maps in Appendix 5 of
this Regional Policy Statement.

333 Regional Coastal Environment Plan for the Canterbury Region (RCEP)

The RCEP recognises the dynamic and connected nature of the coastal environment and includes objectives,
policies, and rules for coastal hazards on the landward of the Mean High Water Spring boundary of the Regional
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Coastal Plans. The h RCEP pre-dates both the NZCPS and RPS and is less restrictive, however the same guidance
as to the importance of identifying, mapping and assessing coastal hazards is included.

The RCEP includes the identification of coastal erosion hazard zones along the majority of the region’s coastline
which define the areas within which the hazard rules apply and are the hazard zones referred to in point 3 of the
RPS definition of high hazard. These erosion hazard zones are defined as being:

] Erosion Hazard Zone 1:

(a) For stable or accretionary shorelines: Where there is no evidence of shoreline erosion, the width of
Hazard Zone 1 is the area landward of the Coastal Marine Area boundary to the landward limit of the active
beach system. This position is determined either by ground survey, or from aerial photography.

(b) For most eroding shorelines: The width of Hazard Zone 1 includes the active beach system and the area
landward of this, which is likely to be part of the active beach system if contemporary erosion processes
continue unaltered for the next 50 years. Hence, the landward limit of Hazard Zone 1 corresponds to the
projected position of the landward toes of the active beach system.

The width of hazard zones has been determined by interpolating the rate of shoreline retreat between fixed
determination points. For all determination points, except for some special situations listed below, there was no
evidence of a change in the long-term rate of shoreline retreat. Therefore, the longest-term historical erosion
rates have been used. These will include short term fluctuations.

=  Erosion Hazard Zone 2:
No Hazard Zone 2 is defined for stable or accreting shorelines.

For eroding shorelines, Hazard Zone 2 is landward of Hazard Zone 1, and covers areas that could become
part of the active beach system within 50 to 100 years if the erosion rates used to calculate Hazard Zone 1
were to continue unaltered for 100 years.

it is important to note that they do not include are consideration of the effect of SLR on future coastal erosion.

The RCEP also maps a sea water inundation zone, covering areas known to have been affected by coastal
inundation the past, but does not include any policies or rules around this hazard.

3.34 The Christchurch District Plan

The Christchurch District Plan includes several objectives and policies relevant to coastal hazards and replicates
the language of higher order RMA documents in that hazards should be avoided where the risks generated by
these hazards is unacceptable. Specific guidance and policy regarding flooding and sea level rise is provided in
Policy 5.2.2.2 (Managing risk from flooding), which defines Flood Management Areas to be:

“(iy a modelled 0.5% AEP (1 in 200-year) rainfall event plus a 5% AEP (1 in 20-year) tide event plus 250mm
freeboard; OR a modelled 5% AEP (1 in 20-year flood event) plus a 0.5% AEP (1 in 200-year) tide event plus
250mm freeboard; OR 11.9m above Christchurch City Council Datum (the maximum 200-year tidal contour)
plus 250mm freeboard; whichever is the greater; and

(iallowance for 1 metre of sea level rise and an increase in rainfall intensity by 16% through to 2115 as a
result of climate change; and...”

Flood Management Areas are included as a layer on the District Plan maps, as are the High Flood Hazard
Management Areas as identified in the RPS. The District Plan does not identify or any Coastal Erosion Hazard
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Management Areas and relies on the Erosion Zones and policies of the RPS and the relevant zone rules in the
RCEP.

3.35 Banks Peninsula District Plan

The Banks Peninsula District Plan (BPDP) also includes objectives and policies relating to natural hazards. While
many elements of the BPDP have been superseded following the amalgamation of the Christchurch City and
Banks Peninsula District Councils, its coastal hazard content is still operative. Its approach to these hazards is
similar to that of the Christchurch District Plan, with a focus on minimising loss of life and property damage.
However, its rules focus on surface flooding and not sea level rise, storm surges or coastal erosion.

3.3.6 MfE Guidance for Local Government “Preparing for Climate Change” 2017.
This a non-statutory document provides the most practicable guidance on the methodology assessing and

current and future coastal hazard susceptibility, exposure and vulnerability. The T+T Coastal Hazard Assessment
use in this report follows the methodology of the MfE (2017) guidance.
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4, Data Sources and Processing

This section sets out the data on coastal hazards that was used within this analysis. It notes the sources of data
and how this has been processed to produce and map the hazard risk category areas.

All maps produced for this analysis are available in a webviewer accessible to the project team. Maps of the
preferred approach has been provided to CCC as a spatial layer.

4.1 Bathtub Modelling Inundation Data
41.1 T+T Bathtub modelling data

The T+T coastal inundation data was acquired from their ‘bathtub’ model, covering the coastal land of the
Christchurch City urban area, and Banks Peninsula. The inputs into the bathtub modelling include:

=  Peak static water levels comprising storm tide and wave set-up for three water level AEPs: 63% (1 in 1 year),
10% (1 in 10 years), 1% (1 in 100 years) and nine SLR increments from a 2020 base, ranging from 0 m to
2m.

=  Water level data provided in look-up tables for 11 discrete areas covering the district coastline as presented
in Table 4.1 and mapped in 11 areas shown in Figure 4.1. It is noted that due to differences in the wave set-
up values in each area (which depends on wave climate and beach slopes) there is some variation between
the resulting water levels in each area for the same SLR increment and water level frequency.

=  Ground levels from the 2018 LiDAR survey.

The bathtub modelling does not include dynamic water levels from the inclusion of wave run-up processes to the
inundation depths and extents.

The assessment scenarios proposed by T+T to inform adaptation planning in relation to coastal inundation are
presented in Table 4.2. Although an assessment of the potential effect of erosion on inundation was made, this
was not included in the bathtub mapping.
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Table 4.1: Look up Table of extreme static sea levels supplied by T+T for combination of water level frequencies and SLR's. Levels in NZVD2016.

Water Level Frequency Sea Level Rise (SLR) (m)
% Annual Average
Exceedance Recurrence
Area Probability (AEP) | Interval (ARI) | 0.0 0.2 0.4 0.6 0.8 1.2 14 15 2.0
63% lyear | 1.8 2.0 2.2 2.4 2.6 3.0 3.2 33 3.8
Christchurch Open Coast 10% 10year | 2.0 2.2 2.4 2.6 2.8 3.2 3.4 3.5 4.0
1% 100 year | 2.3 25 2.7 2.9 31 35 3.7 3.8 4.3
63% lyear | 1.8 2.0 2.2 2.4 2.6 3.0 3.2 33 3.8
Sumner 10% 10year | 2.0 2.2 2.4 2.6 2.8 3.2 34 35 4.0
1% 100 year | 2.3 25 2.7 2.9 31 35 3.7 3.8 4.3
63% lyear | 1.8 2.0 2.2 2.4 2.6 3.0 3.2 33 3.8
Taylor's Mistake 10% 10year | 2.0 2.2 2.4 2.6 2.8 3.2 3.4 3.5 4.0
1% 100 year | 2.3 25 2.7 2.9 31 35 3.7 3.8 4.3
63% lyear | 1.4 1.6 1.8 2.0 2.2 2.6 2.8 2.9 34
Brooklands Lagoon 10% 10year | 1.6 1.8 2.0 2.2 2.4 2.8 3.0 31 3.6
1% 100 year | 1.8 2.0 2.2 2.4 2.6 3.0 3.2 33 3.8
63% lyear | 1.5 1.7 1.9 2.1 2.3 2.7 2.9 3.0 35
Avon-Heathcote Estuary North 10% 10year | 1.7 1.9 2.1 2.3 25 2.9 31 3.2 3.7
1% 100 year | 2.0 2.2 2.4 2.6 2.8 3.2 34 35 4.0
63% lyear | 1.5 1.7 1.9 2.1 2.3 2.7 2.9 3.0 35
Avon-Heathcote Estuary South 10% 10year | 1.6 1.8 2.0 2.2 24 2.8 3.0 3.1 3.6
1% 100 year | 1.8 2.0 2.2 2.4 2.6 3.0 3.2 33 3.8
63% lyear | 1.6 1.8 2.0 2.2 2.4 2.8 3.0 31 3.6
Lyttelton Harbour 10% 10year | 1.7 1.9 2.1 2.3 25 2.9 31 3.2 3.7
1% 100 year | 1.8 2.0 2.2 2.4 2.6 3.0 3.2 33 3.8
63% lyear | 1.9 2.1 2.3 25 2.7 31 33 34 3.9
Akaroa Harbour 10% 10year | 2.1 2.3 2.5 2.7 2.9 3.3 3.5 3.6 41
1% 100 year | 2.3 25 2.7 2.9 31 35 3.7 3.8 4.3
Banks Peninsula North 63% lyear | 2.2 2.4 2.6 2.8 3.0 34 3.6 3.7 4.2
10% 10year | 2.5 2.7 2.9 31 33 3.7 3.9 4.0 4.5
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Water Level Frequency Sea Level Rise (SLR) (m)
% Annual Average
Exceedance Recurrence
Area Probability (AEP) | Interval (ARI) | 0.0 0.2 0.4 0.6 0.8 1.2 1.4 15 2.0
1% 100 year | 2.8 3.0 3.2 34 3.6 4.0 4.2 4.3 4.8
63% lyear | 2.9 3.1 3.3 35 3.7 4.1 4.3 4.4 4.9
Banks Peninsula South 10% 10year | 3.4 3.6 3.8 4.0 4.2 4.6 4.8 4.9 5.4
1% 100 year | 3.9 4.1 4.3 4.5 4.7 5.1 5.3 5.4 5.9
63% lyear | 2.2 2.4 2.6 2.8 3.0 34 3.6 3.7 4.2
Kaitorete Spit 10% 10year | 2.6 2.8 3.0 3.2 3.4 3.8 4.0 41 4.6
1% 100 year | 2.8 3.0 3.2 34 3.6 4.0 4.2 4.3 4.8

Table 4.2: Assessment scenarios proposed by T+T for inundation lookup tables

Average Recurrence

Assessment SLR (m) Interval (ARI) Effect of erosion
Detailed assessment 0 1year n/a

+0.2 10 year

+0.4 100 year

+0.6

+0.8

+1.0

+1.2

+1.5

+2.0

+1.5 100 year Future P5% and P50% erosion for same scenario
Regional screening 0 1year n/a
assessment +0.4 10 year

+1.5 100 year
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For the Avon, Heathcote and Styx catchments within the Christchurch City urban area, the spatial extent of the
bathtub modelling was limited to the area to the east of the modelling boundary shown in Figure 4.2. To the
west of this boundary, T+T assessed that

...extreme inundation level is increasingly influenced by river/stream flow, with lesser reliance on the sea level
applied and that the bathtub model generally overestimates the extent of inundation because it applies a water
level derived at the coast which is too high for the area further inland.

T+T concluded that:

..extreme inundation of areas upstream of these locations is best derived through joint probability modelling
assessment, taking into account both sea level and river flow state

The bathtub model outputs that were provided to Jacobs included the following:
=  Polygons of the extents of the 11 discrete areas (Figure 4.1).

=  Mask of the useable bathtub model area within the Christchurch City Urban area (Figure 4.2).

=  Raster datasets representing inundation depth at a spatial ground resolution of 1x1m from water levels at
0.1 mintervals from 0.9 m to 6.0 m relative to NZVD2016 datum. The raster outputs were divided into
‘connected’ and ‘disconnected’ flooded areas, with disconnected areas not having a direct pathway of
flooding to the coastline.

Determining the inundation extent and depth for a particular frequency and SLR scenario within a specified area
required obtaining the resulting water level for that scenario and area from the look-up tables, then interrogating
the appropriate raster for that water level to obtain the inundation extent and depths.
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Figure 4.2: Bathtub modelling boundary position for Christchurch City urban area
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4.1.2 Inundation Data Processing

The raster data of the bathtub model outputs were combined based on the selected AEP, SLR, and for all 11
areas around Christchurch and Banks Peninsula. The required water flood level rasters were clipped to their
relevant location extents, and all non-usable model area was removed using the provided polygons and mask.
This included both ‘connected’ and ‘disconnected’ inundation areas from the static water levels. To test the
different potential flood depth thresholds for setting planning categories, each resulting raster was classified to
the desired flood depth intervals and dissolved into polygon areas.

41.3 TUFLOW Model Inundation Data

We received outputs from T+T’'s TUFLOW model dated 2017, which covered the Christchurch City urban area. The
model was run with zero rainfall to assess hydrodynamic response to storm tide applied at the seaward model
boundary. Under this assumption, there was no flow in the waterways draining into the Avon-Heathcote Estuary
and Brooklands Lagoon at the time of the extreme sea level event.

The flood level data have a ground resolution of 5x5m and are relative to the LVD37 datum. They were
provided for two different flood scenarios as shown in Table 4.3. For the conversion of TUFLOW flood level data
into flood depth data, we obtained the 2018 Canterbury, Christchurch and Ashley River LIDAR DEM with a spatial
ground resolution of 1x1m:+ and the datum conversion grid from LVD37 to NZVD2016 datum.:s

Table 4.3: Water Levels from T+T TUFLOW 2017 model

Water Level Representative Concentration Peak water level within model (LVD37)
Frequency Pathway (RCP) used to Bridge St Ferrymead Styx tide gate
Year (ARl in years) determine SLR Bridge
2065 100 RCP 4.5 2.52 2.53 2.54
2115 100 RCP 8.5H+ 3.0 3.18 3.1

For data processing and comparison to the bathtub data, we converted the TUFLOW flood level data from LVD37
to NZVD2016 datum using LINZ’s conversion grid. For that purpose, an offset raster was calculated from the grid
points by applying a surface triangulation in combination with a barycentric interpolation which was then used to
convert the TUFLOW levels to NZVD2016. Flood depth was calculated against the 2018 LiDAR DEM.

4.2 Coastal Erosion Data
421 T+T Erosion Modelling Data

The coastal erosion modelling undertaken by T+T involved calculating the current and future Areas Susceptible
to Coastal Erosion (ASCE) across the beaches and coastal banks of the whole district from the following standard
formula relevant to each coastal morphology:

Current ASCEBeach = ST + DS, and
Future ASCEBeach = (LT X T) + SL + ST + DS

Current ASCEg,,x = (Hc/tana)

13 Lyttelton Vertical Datum 1937
14 (https://data.linz.govt.nz/layer/104497-canterbury-christchurch-and-ashley-river-lidar-1m-dem-2018-2019/)
15 (https://data.linz.govt.nz/layer/53432-lyttelton-1937-to-nzvd2016-conversion/)
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Future ASCEggnx = (LT xT) x SL + (HC/tana)

Where;

ST is the short-term storm erosion in 100 year wave and water level event combined probability event,
DS is a dune stability factor for dune face collapse following over-steepening a storm event,

LT is the historical long-term rate of shoreline retreat or advance,

T is the time frame of the assessment,

SL is the erosion resulting from SLR within the time frame,

Hc is the height of the bank,

a is the characteristic stable angle of the bank in degrees

To account for the different coastal morphologies and erosion responses to coastal processes operating within
the study area, the coastline was dividied into 100 cells, with the calculated ASCE being constant within each cell.
For 52 of the cells covering, the Christchurch City urban area (30 cells), beach or bank shorelines along the
existing larger settlements within Lyttelton (10) and Akaroa Harbours (12), a detailed probabilistic erosion
assessment was carried out. These assessments involved calculating the full range of statistical probability of
erosion distances resulting from a range of input parameter values for each of sixteen different combinations of
time frame and SLR magnitude scenarios as presented in Table 4.4. The results were presented to Jacobs as
raster data, representing erosion probabilities at a spatial ground resolution of 1x1m, with a gradual decrease of
probability with increasing distance from the shoreline. These probability values can therefore be interpreted as
being the probability that the erosion will reach or be greater than the calculated ASCE to that location.

Within the detailed assessment there are several cells where future erosion is not considered to be acceptable.
This includes areas where there is land reclamation and substantial hard protection structures that protect
critically important infrastructure or significant development. Therefore, the Future ASCE is assessed as the same
as Current ASCE (e.g. erosion resulting from structure damage/failure before repair) and there is no change in
ASCE with SLR scenario, and very little change in erosion distance with probability. These cells include the
southern shore of the Avon-Heathcote estuary, Sumner Beach, Lyttelton Port and Akaroa township.

For the remaining 48 cells in other bays within Banks Peninsula, Lyttelton and Akaroa Harbours, and along
Kaitorete Spit, a less detailed deterministic erosion hazard screening approach was taken due to insufficient data
for a full probabilistic approach. For these cells single value input parameters were used with only five
combinations of time frame and sea level rise magnitude as shown in Table 4.4. The resulting ASCE are assumed
to be very conservative, with an assumed probability of being exceeded in the range of 1-5%. In these cells the
ASCE results were presented to us as lines of the future shoreline position for each SLR scenario.
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Table 4.4: SLR Scenarios used in the T+T coastal erosion modelling

Detailed Probabilistic Cells Deterministic Screening Cells
Sediment
Year SLR (m) | Probability Supply Year SLR (m) | Probability
2020 0.0 2020 0.0
02 2080 0.4 Assumed to be in
2050 04 range 1-5%
04 2150 : probability
0.4 15
2080 0.6
0.8
0.4 No change
0.6
2130 08
1.0
1.2 A range of
probabilities mapped
1.5 as a gradient from
2150 2.0 99% to 1%
Reduced by
2130 15 11%
Increased
2130 15 by 28%

The origin position for the ASCE calculations for beaches and banks is the seaward toe of the dune, beach berm
or bank as shown in Figure 4.3. Therefore, when interpreting these future erosion positions for determining
setback distances for planning purposes, there is a need to allow for natural backshore environments (for
example dunes and beach ridges), bank slopes, and potential protection works within the setback distance.

For cliff shorelines around the Banks Peninsula, the Future ASCE is defined as a generic setback distance, the
width of which is dependent on the current cliff slope as follows:

=  Where current cliff slope is equal or steeper than 1:1slope: Future ASCE cjitr= 20 m set back from top of the
cliff

= Where current cliff slope is flatter than 1:1slope: Future ASCE ciitr= 30 m set back from toe of the cliff.

The locations of Future ASCE ciirs were provided by T+T as a smoothed line offset by the appropriate distance
from a mapped cliff baseline position, assumed to be the current toe of the cliff.
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Figure 4.3: Position of origin position for ASCE on beach and bank profiles (Source T+T Technical Report)

4.2.2 Erosion Data Processing

For the detailed assessment of cells, lines of erosion probability were extracted from various scenarios provided
as “probabilistic raster data”. Lines were created by tracing raster values of the probability of interest. Where
rasters did not contain the exact probability value, a linear interpolation between raster cells was carried out,
assuming that the probability location is represented by the centre of each raster cell.

As a result of the T+T cell wide approach to the ASCE calculations, there are discontinuities in the lines of equal
probability for the same SLR scenario across the cell boundaries as shown in Figure 4.4.

For deterministic screening cells and cliff locations, no processing of the received erosion lines was requested.
However, it is noted that there is potential inconsistency in the widths of the ASCE within the bays of Lyttelton
and Akaroa Harbours compared to adjoining bays where the detailed probabilistic approach was used.
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Figure 4.4: Inconsistencies in ASCE probability across cell boundaries
423 RPS/RCEP Erosion Hazard Zone Data

The Coastal Erosion Hazard Zone data from the RPS was provided as polygons for a comparison to erosion
hazard zones proposed in Section 7. As noted in Section 3.3.2, these erosion hazard data did not include any
reference to future erosion from SLR. The RPS defines High Hazard areas within greater Christchurch to include
land likely to be subject to coastal erosion including the cumulative effects of SLR over the next 100 years, which
includes, but is not limited to, the land located within the Hazard Zones 1 and 2.

For the Christchurch City district these coastal erosion hazard zones only exist along the open coast of the
Christchurch City urban area and along Kaitorete Spit, with no erosion zones beginning defined in the Avon-
Heathcote Estuary or Banks Peninsula. Since the shoreline in both the Christchurch City open coast and along
Kaitorete Spit are long-term accretionary, only Erosion Hazard Zone 1 is present. This is the width of the active
beach, which is defined as back of the dune system in Christchurch city and the back of the beach ridge at
Kaitorete Spit.
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5. Sea Level Rise Scenario Selection

This section discusses the range of SLR scenarios that were available for consideration within this study and
identifies is considered to be most applicable for use within this district plan risk analysis framework.

SLR projections, both globally and locally, are developed according to the scenarios of greenhouse gas (GHG)
emissions in the future, and associated global temperature change. Under the previous IPCC assessment
report(AR5 2014):s , each scenario represents the assumptions of GHG concentrations in the atmosphere for
different future timeframes.2” These scenarios are called ‘Representative Concentrations Pathways’ (RCPs),
ranging from RCP2.6 (the lowest concentrations scenario), to RCP8.5 (the highest concentration scenario).
RCP4.5 and RCP6.0 are the two mid-range RCPs.:e Each scenario is considered plausible to at least 2100, but
they do not have probabilities attached to them, so quantifying an overall likelihood distribution for SLR to a
future date next century (e.g.2120 or 2130) is not possible. There is increasing uncertainty all the projections
with time.

Within New Zealand, RCPs 2.6, 4.5 and 8.5 were adopted in central government guidance?s to develop SLR
scenarios.2 A fourth higher projection, RCP8.5H+, was added to the scenarios, presenting the 83rd percentile of
the RCP8.5. The guidance notes:

this higher scenario reflects the possibility of future surprises towards the upper range in SLR projections of
an RCP8.5 scenario, being representative of a situation where more rapid rates of SLR could occur early next
century due to dynamic ice sheet processes and instability thresholds that were not fully quantified in the
IPCC AR5 projections2

The MfE Coastal Hazards Guidance notes that RCP8.5 H+

should be used to stress-test dynamic adaptive pathways, policies and new greenfield and major
infrastructure developments.2

The guidance suggests that under RCP8.5H+ scenario, local/district planning instruments should consider SLR
projections over longer periods than 100 years, to avoid or mitigate adverse hazard impacts to coastal
subdivisions, greenfield developments and major new infrastructure. To account for regional factors, New
Zealand'’s SLR scenarios applied in the guidance are 5cm higher than the IPCC global projections and were
extended in time through to 2150 to provide a longer view over 130 years.

In the most recent IPCC assessment report (AR6 2021)z2, the scenarios were reshaped to integrate different
levels of emissions and climate change against multiple socio-economic development pathways. These are
referred to as SSP’s (Shared Socio-economic Pathways). There are five SSP scenario families which IPCC assess a
medium confidence of occurring. The last two numbers of each scenario refer to radiative forcing by 2100 in the
same way as the RCP scenarios. Hence SSP5-8.5 could be associated with RCP 8.5, SSP2-4.5 with RCP4.5, and
SSP1-2.6 with RCP2.6. The additional scenario from the AR6 assessment is SSP1-1.9, which is a lower carbon
emission than SSP1-2.6. In addition, RCP 6.0 was replaced with the SSP3-7.0 scenario. There are also two

16 AR5, 2014

17 Including 2030, 2050, 2100, etc.

18 (for more information about RCPs, please refer to Intergovernmental Panel on Climate Chane. 2014. Long-term Climate Change: Projections,
Commitments and Irreversibility, https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter12 FINAL.pdf

19 Coastal Hazards and Climate Change: Guidance for local governments, 2017, Ministry for the Environment, Wellington 6143, New Zealand,
Publication number: ME 1341

20 RCP6.0 was dropped as it was close to the RCP4.5 projection.

21 MFE. (2017) op. cit.

22 MFE. Op cit. p104

23 Climate Change 2021 The Physical Science Basis. Working Group | contribution to the sixth Assessment Report of the Intergovernmental Panel on
Climate Change
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additional low confidence scenarios, indicating the potential effect of low likelihood, high impact ice sheet
processes that cannot be ruled out. For SLR, all the SSP projections are slightly higher than the corresponding
RCP projection (Figure 5.1).

NASA developed a sea level change tool2* which provides regional projections from the IPCC SSP global
scenarios. The regional projections for New Zealand are presented at eight port sites around the country,
including Lyttelton Harbour. For all the New Zealand sites, the regional SSP projections are also slightly above
the global projections, but by less than the standard 5 cm as per MfE guidance for the RCP projections.

51 Comparison of T+T SLR Increments to RCP/SSP levels

The T+T assessment used increments of SLR at three timeframes (2050, 2080, 2130) as presented in Table 4.4
and covering the range of New Zealand RCP projections (including RCP8.5H+). As per the recommendation in
MfE Guidance additional higher SLR projection over a longer time frame (2150) is also included.

The comparison of the T+T increments to the upper and lower range of the RCP and SSP projections is presented
in Figure 5.1. The SSP scenarios have slightly higher magnitudes of SLR than the corresponding RCP scenarios,
the 83rd percentile SSP5-8.5 values are higher than the RCP8.5H+ values. As can also be seen, the range of T+T
increments are still relevant under the SSP scenarios, appropriately covering the full range of the scenarios.
However, what is required for land use planning is the selection of the most applicable scenario for a risk-based
approach.

Comparison Lyttelton AR6 (2021) and MfE (2017) from 2020 Base

Figure 5.1: Comparison of T+T SLR increments to SSP and RCP scenarios. Note shaded areas represent the17th to
83rd Percentile of AR6 (2021) SSP1-2.6 (Blue) and SSP5-8.5 (Green) Projections.

24 https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool
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52 Selection of SLR Increments for Planning Purposes Within this Study

The selection of an SLR scenario for use in this report, is limited to the increments presented by T+T shown in
Table 4.4. The following underlying principles were applied to select the most appropriate T+T SLR increments
for use in land-use planning:

1) There needs to be consistency between the selected scenarios for both inundation and erosion planning.

2) The scenarios need to reflect both timeframe and SLR magnitude, as it is the rate of SLR that is important in
determining future erosion.

3) The timeframe is important as need to ensure that any land use activities allowed under the rules in various
hazard categories have sufficient and reasonable time (for erosion), or lack of frequency of hazard (for
inundation) for that activity to be carried out in an appropriate manner without the need for hazard
mitigation measures.

4) Timeframes are also important for defining the ‘certainty’ of the magnitude of SLR. While all scenario
pathways have the same assumed likelihood of occurrence, there is much greater certainty in the lower
projected magnitudes occurring over the shorter timeframes.

Applying a risk-based approach to select a SLR magnitude is shown schematically in Figure 5.2. The upper pane
shows that for a specified planning timeframe, there is a generalised probability distribution of possible SLR
magnitudes, peaking with a ‘most likely’ SLR value and a skewed-tail distribution influenced by a wider range of
process responses to climate change. The lower pane shows that a generalised SLR risk profile can also be
obtained by multiplying the likelihood of SLR distribution curve by the consequences curve. This simplified
example demonstrates that, in most cases, the peak of the risk curve within the specified timeframe will typically
occur at a SLR above the mid-range SLR value.
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Figure 5.2: Generalised SLR probability and generic consequence curve (upper pane) resulting in the risk profile
(lower pane). (From MfE, 2017).

Considering the above principles and discussion, it is recommended that the most appropriate T+T increments to

use as SLR scenarios for a risk-based approach to land-use planning are:
0.6 m SLR by 2080, and
1.2m SLR by 2130

As can be seen in Figure 5.1, both scenarios are located between the RCP 8.5 and 8.5H+ scenarios, and close or

slightly above the SSP5-8.5 scenarios. The justifications for this recommendation include:

Not taking the increments closest to lowest of the SSP-RCP scenarios is considered a precautionary
approach to hazard planning, consistent with the principles of the RMA.

Both scenarios are considered to be reasonable in terms of SSP-RCP scenarios, not taking the highest
scenario (e.g RCP 8.5H+), but reflecting the slightly higher most recent SSP projections over the previous
commonly used scenarios of planning (e.g. 1 m SLR in 100 years).and the recommends of the MfE (2017)
coastal hazards guidance.
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= Although it is recognised that globally there are likely to be more serious emission mitigation efforts in the
future, both scenarios are not dependent on global political responses to reduce emissions.

=  Both scenarios are unlikely to occur much before the specified time frame.

=  We have a high degree of confidence that the lower magnitude of SLR (0.6 m) will occur at sometime within
a reasonable planning timeframe, even if global emission reductions can be successfully implemented.
From Figure 5.2., 0.6 m of SLR can be considered to be close to the likelihood peak of SLR over a 100 year
timeframe.

=  The use of a 60-year hazard time frame is not considered too conservative for restricting activities in high
hazard area, while also being sufficient time for allowing other suitable activities with a degree of certainty
around their occupancy and/or use,

= Although there is less certainly about the timing of the higher magnitude of SLR (1.2 m) and timing may be
delayed beyond a beyond a reasonable planning timeframe if global emission reduction is successful, there
is still a medium degree of confidence that this magnitude of rise will occur within the next 130 years. From
Figure 5.2, this magnitude of SLR can be considered close to peak of risk of SLR over a 100-year timeframe
and therefore some degree of planning controls is required for other activities that are most at risk.

The recommended scenarios are not available for the 48 deterministic erosion screening assessment cells for the
bays and beaches of Banks Peninsula, Lyttleton and Akaroa Harbours. For these cells the scenario choices are
limited to 0.4 m SLR by 2080, and 0.4 m or 1.5 m SLR by 2130. Being the upper and lower bounds of the
scenario range these scenarios do not meet the above justifications or recommended scenarios. Therefore, it is
recognised that the recommended scenarios would create an inconsistency in the hazard risk approach between
the cells in Lyttelton and Akaroa Harbours where a probabilistic approach and those where a deterministic
approach was taken. The effect of this different approach may be able to be negotiated using different
thresholds for erosion risk categories in the different assessment cells and is considered further in Section 7.

In arriving at the above selections, we also considered several other SLR increments and timeframes from the
T+T assessment in sensitivity testing with a range of thresholds to definite a risk-based approach to land use
planning. Some of these increments are close to the RCP4.5 scenarios presented by MfE (2017), which in the
absence of a NZ RCP6.0 scenario, are the next highest scenario to RCP8.5. The alternative increments considered
included the following:

= 0.4 mSLR by 2050 - considered as a scenario for high erosion hazard areas. Discarded due to 30 year being
considered too short a timeframe for land use activities having a certainty occupancy and/or use.

= 0.4 mSLR by 2080 (just above RCP4.5 scenario) — considered as it would allow consistency with the
deterministic erosion assessment cells. Discarded due to high likelihood of being exceeded before 2080
therefore not providing the level of certainty in the protection to land-use afforded by the planning
provisions.

= 0.8mSLR by 2130 (approximately halfway between RCP 4.5 and RCP8.5) — considered as an alternative to
a 1.2 SLR over the same period. Discarded due to high likelihood of being exceeded before 2130 therefore
not providing the level of certainty in the protection to land-use afforded by the planning provisions.

= 1.0mSLR by 2130 - considered as an alternative to a 1.2 SLR over the same period. Discarded as does not
allow for recent increase in projections in IPCC AR6(2021), therefore could be considered to not reflect the
most recently available science.

= 1.5mSLR by 2130 - considered as would allow consistency with the deterministic erosion assessment cells.
Discarded as being too conservative to be considered reasonable as is above the RCP 8.5+ magnitude but is
suitable for use as an upper stress test for low erosion hazard categories.
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= 2.0mSLRy 2150 - as an upper stress test for low erosion hazard categories. Discarded as being too
conservative and too uncertain that will occur even within this 130-year timeframe.
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6. Coastal Inundation Hazard Thresholds

This section sets out our approach to developing appropriate thresholds for defining inundation hazards. Four
flood risk categories are proposed: very low, low, medium and high. An overall summary of this recommended
approach is provided in Section 6.1 followed by a discussion of the reasoning behind this recommendation and
consideration of other thresholds and scenarios in Sections 6.3 to 6.5.

6.1 Summary of Recommended Approach

The main coastal processes which cause inundation are storm surge and wave setup, combined with the
astronomical tide and SLR. Inundation has the potential to result in loss of, or damage to, properties, possessions,
buildings, and infrastructure, and could cause injury to people or loss of life. The consequence of inundation
depends on the nature of the flooding — primarily the depth of water and speed of flow — and the vulnerability of
people and assets to flooding.

Land use planning seeks to limit these consequences through risk-based control of development termed effects
and outcomes based under the RMA. Several methods for mapping coastal inundation to inform planning
decisions have been considered. The purpose is to define a simple set of thresholds which

i.  are consistent with the RMA requirements to consider only risks which are “reasonably foreseeable” and
“significant” in effect

ii.  can be applied to the ‘bathtub’ outputs of the 2021 Coastal Hazard Assessment for Christchurch
District (“the CHA”).
This approach takes into account three main factors which define flood risk:
- likelihood of flooding
- consequence of flooding
- change in likelihood and consequence in the future with SLR

The recommended method for defining flood risk takes account of these factors and is set out in Table 6.1. Four
categories of flood risk defined by thresholds of water depth are proposed.

Table 6.1: Recommended definitions for coastal flood risk mapping using the CHA inundation depth data (d = water
depth from the CHA for 1% annual exceedance probability)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None (dry) Low (d<0.5m)

Low Low (d <0.5m) Medium  (0.5m<d<1.1m)
Medium Medium  (0.5m<d<1.1m) High (d>1.1m)

High High (d>1.1m) High (d>1.7m)

The definitions in Table 6.1 were applied to the CHA inundation depth data to produce a map showing the four
coastal flood risk areas for the entire district. Figure 6.1 below shows an example extract of the map in the area
around the Avon-Heathcote estuary. Full inundation mapping outputs are available in the project webviewer.

Sections 6.2 to 6.5 discuss inundation factors and coastal inundation processes then describe and compare the
flood mapping methods considered and present the basis for our recommended method in more detail. We also
compare example results to the current District Plan and CCC flood layers.
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As noted, the bathtub method used in the CHA to calculate flood depths does not take account of the
hydrodynamic behaviour of inundation or the contribution to coastal inundation from coincident rainfall and
river flow. We illustrate the difference between flood mapping using the CHA bathtub results and mapping using
hydrodynamic model results.

In some locations there are gaps in the CHA data meaning the flood risk cannot be fully mapped using the
available data. In Section 6.5 we discuss the implications of the limitations in the bathtub method, data
uncertainties, application of freeboard and thresholds for ‘nuisance flooding'.

All maps produced for this assessment are available in a webviewer accessible to the project team. Maps of the
preferred approach has been provided to CCC as a spatial layer.
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Very Low Risk
' Low Risk
S0 Medium Risk

Figure 6.1: Coastal flood risk categories mapped using the CHA inundation data and recommended definitions of
flood risk (example extract of mapping for the district)
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6.2 Estimating the Extent and Depth of Coastal Inundation

Coastal inundation is usually understood to mean flooding from the sea caused by a ‘storm tide’. Storm tide is a
combination of the astronomical high tide and ‘storm surge’ — the temporary rise in mean sea level during a
storm caused by low atmospheric pressure, wind, and wave setup. The level of storm tides will increase in the
future as the mean sea level rises in response to climate change.

A weather event that causes a storm tide can also result in heavy rainfall and high flow in rivers at the coast and
coastal inundation is often a combination of flooding from different sources, arising from the same weather
event. In any particular event, the individual probabilities of storm tide level and rainfall or river flow usually
differ from each other and multiple combinations are possible for the same combined probability of occurrence.
For example, the combined probability of a 1% AEP storm tide and 10% AEP river flow occurring together, or a
10% AEP storm tide and 1% AEP river flow occurring together may be 1% AEP in both cases. However, the
maximum flood levels in each combination of events may be different. Nearer the coast, events with smaller
probability storm tides are likely to result in higher flood levels. Further inland, flooding from events with a
smaller probability fluvial flow is likely to be worse. Figure 6.2 illustrates conceptually how these sources of
flooding usually combine in a coastal area for a given likelihood of occurrence.

To take account of combined sources of flooding, multiple combinations of storm tide and fluvial flow need to be
considered so that a maximum “envelope” of flood extent can be produced. The relationship between the
probability of storm tide and the probability of fluvial flow varies with location and depends on the correlation
between the two conditions during a weather event. For example, the Flood Management Area in the current
Christchurch District Plan is mapped as the maximum envelope of the 0.5% AEP storm tide combined with 5%
AEP fluvial flow and the 5% AEP storm tide combined with 0.5% AEP fluvial flow.

BATHTUB MAY ! BATHTUB MAY

|
| OVERESTIMATE DEPTH | UNDERESTIMATE DEPTH

|
|

T PURELY TIDAL : e—
“ENVELOPE” 1| isiianaiak. LTIt M
OF A o (R E I
MAXIMUM | |:
YETEREENE < TIDALLY DOMINATED Y FLUVIALLY, DOMINATED
Sy .'r >
OPENISEA ESTUARY/ FLOODPLAIN, RIVERS AND STREAMS

Figure 6.2: Conceptual cross-section of a coastal area comparing maximum flood levels for purely tidal events,
purely fluvial events and a range of combined events, all of the same likelihoods of occurring. The bathtub level of
maximum storm tide is shown for comparison.

Figure 6.2 also shows how the bathtub method compares to an envelope of maximum flood level derived from a
range of combined events. In the bathtub method the storm tide level is projected across the entire coastal area
to estimate the inundation depths. In the tidally dominated area, the flood level may fall inland, below the storm
tide level, as water spreads out over the floodplain and up estuaries. The bathtub method tends to overestimate
the flood level and depth in this area. Further inland, flood levels may be higher than the storm tide level due to
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the additional contribution to flooding from fluvial flow or rainfall and the bathtub method may underestimate
the flood level and depth.

The coastal inundation processes and the interaction of the different sources of flooding during a storm event
are naturally dynamic and accurate mapping of flood extents and depths usually requires hydrodynamic
modelling of multiple combinations of events. However, the tendency of the storm tide to dominate flood level

in areas closest to the coastline means that the difference between a simple bathtub approach and
hydrodynamic modelling can be relatively small. In these areas the bathtub method also tends to be conservative
and overestimates flood depth. In this way the method can be considered appropriate as a precautionary
approach to defining flood risk for the purpose of land use planning at a district level. More detailed investigation
of flooding may be appropriate for assessing individual developments or activities.

The uncertainty in flood depths using the bathtub method with a storm tide level generally increases the further
inland it is applied. This is because in reality the storm tide level usually becomes increasingly attenuated as it
travels inland due to frictional resistance and storage in the floodplain and river channels (although in some
estuaries the tide level can increase due to “funnelling” of flow). Flooding from fluvial and pluvial events also
starts to become more important than the tidal event of the same probability and these sources of flooding
cannot be readily included in the bathtub method. The increase in uncertainty means there is a limit to how far
inland the bathtub method is appropriate for planning purposes.

Figure 6.3 shows the difference between flood depths produced from a hydrodynamic model simulation of a
storm tide event in the Avon-Heathcote estuary (Tonkin & Taylor, 2017: TUFLOW model simulation of 1% AEP
storm tide and SLR to 2115, RCP8.5H+) and a bathtub projection of the peak storm tide level (inferred to be
approximately 3.2m LVD37 inside the estuary mouth). The model simulation is for a purely tidal event, without
any contribution from fluvial flow or rainfall. The map shows that inland from the main estuary the difference in
depth between the two methods is generally negative in value i.e., the model depths are smaller than the bathtub
depths- and the difference increases inland.

Figure 6.3 also shows the inland limit of the bathtub depth data produced for the CHA. The difference in depth at
the bathtub data limit is around 0.3m, i.e., the bathtub depth is 0.3m greater than the hydrodynamic model for
the same storm tide level at the mouth of the estuary, providing an indication of the likely range of uncertainty in
the CHA inundation depth data for purely tidal events.

Since this dataset tends to be conservative within the area of coverage defined in the CHA, we consider it
unnecessary to include an additional allowance for uncertainty in the depth data for mapping the inundation
area or defining flood risk. However, in areas of higher flood risk, mitigation measures such as minimum floor
level requirements should include an appropriate freeboard allowance above estimated flood level. More
detailed assessment of flood level, including consideration of flooding from other sources, may be warranted for
individual properties or developments to determine floor levels or other planning requirements.
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Figure 6.3: Map showing the difference between storm tide flood depths derived from a hydrodynamic model
simulation and from a bathtub projection of the storm tide level (~3.2m LVD37). The difference is positive where
the model depths are larger than the bathtub depths and vice versa. The maps also the limit of application of the
bathtub method in the CHA.
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6.3 Inundation Factors

6.3.1 Likelihood of Flooding

The likelihood of a given magnitude of flooding (water level or depth, for example) is usually measured by the
Average Recurrence Interval (ARI) — how often, on average it occurs — or the Annual Exceedance Probability (AEP)

—the chance it will happen in any one year.

The chance a given magnitude event will occur increases with the length of time considered, as summarised in
Table 6.2.

Table 6.2: Likelihood of flooding over varying time periods

Flood ARI AEP Chance an event will occur during a period of
magnitude 30 years 60 years 100 years
“Small” 5 years 20% 100% 100% 100%

| 10 years 10% 96% 100% 100%
| 20 years 5% 79% 95% 99%
| 50 years 2% 45% 70% 87%
| 100 years 1% 26% 45% 63%
“Large” 200 years 0.5% 14% 26% 39%

The chance that a low probability event (such as the 1% or 0.5% AEP) will occur becomes relatively likely (a 40%
to 50% chance) when considering a time period of 60 to 100 years. With reference to the requirements of
Section 5 of the RMA, this chance of occurrence is considered to be consistent with being “reasonably
foreseeable” and supports adopting a relatively low probability to define areas at risk of flooding. The smallest
probability for which inundation data is provided in the CHA is the 1% AEP, which is considered a reasonably
foreseeable event over the lifetime of a development.

Inundation mapping for planning and development control is often based on one or more likelihoods or
probability of flooding. The Christchurch District Plan defines the Flood Management Area as the 0.5% AEP flood
extent and the High Flood Hazard Management Area through the 0.2% AEP flood extent (with the inclusion of a
water depth and velocity criterion). The Canterbury RPS defines areas subject to inundation as lying within the
0.5% AEP flood extent. By comparison, the UK Environment Agency’s Flood Map for Planning (Rivers and Sea)

defines four Flood Zones according to three likelihoods of flooding (from any source or combination of sources)
as shown in Figure 6.4.25

25 Table 1 of Guidance - Flood risk and coastal change, Ministry of Housing, Communities & Local Government, www.gov.uk/guidance/flood-risk-and-
coastal-change#flood-zone-and-flood-risk-tables
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Functional | floodplain and its boundaries accordingly, in agreement with the Environment Agency. (Not
Floodplain | separately distinguished from Zone 3a on the Flood Map)

Figure 6.4: Definition of Flood Zones in the UK Flood Map for Planning (Rivers and Sea)
6.3.2 Consequence of flooding

The consequence of flooding can be quantified in terms of financial costs for example, damages to property and
assets, loss of possessions, disruption to services. This requires a detailed assessment of the value of properties
and assets and calculation of damages for a range of flood probabilities and is usually applied to assessing
protection of existing development rather than planning new development.

For planning purposes, the consequence is more usually quantified in terms of the ‘flood hazard’, a measure of
the severity of the danger to people and vehicles and of damage to or failure of buildings during a flood.
Methods for evaluating flood hazard, based on scientific research which includes full scale laboratory testing, are
provided in Australianze (“the AR&R method”) and UKz (“the DEFRA method”) guidelines amongst others.

In these methods, flood hazard is generally defined as a function of the depth and velocity of the flood water.
Additional factors such as the effects of debris in flood water are included in some methods. Figure 6.5 and
Figure 6.6 show respectively the Combined Hazard Vulnerability Curves of the AR&R method and the Hazard to
People Classification of the DEFRA method.

In the flood hazard curves in Figure 6.5, the thresholds for hazard to people are lower than for buildings, and the
thresholds for hazard to vehicles are lower than for people. For lower velocities, less than 0.5 m/s, the hazard
thresholds are independent of velocity and defined by water depth only. The hazard ratings in Figure 6.6 also
depend on velocity for velocities below between 2.5 and 4.0 m/s, depending on water depth.

The CHA bathtub method does not determine velocity and so this data is not available for assessing hazard. From
our experience of coastal inundation modelling using hydrodynamic models, for example in assessing coastal
inundation hazards for Waimakariri District Council, velocities in floodplain areas are usually relatively low —
below the 0.5 m/s value for inclusion in hazard definition in the AR&R method (Figure 6.5), for example. For
these reasons we consider it appropriate to categorise flood hazard solely on depth and to use the “still water”
depth thresholds from hazard guidelines to categorise flood hazard from the CHA bathtub depth data. We also
note that the contribution of velocity to hazard was considered during the Christchurch Replacement District Plan

26 Australian Rainfall and Runoff: A Guide to Flood Estimation, Book 6, Chapter 7 (Smith and Cox, 2019)
27 Framework and Guidance for Assessing and Managing Flood Risk for New Development, UK Defra/Environment Agency Flood and Coastal Defence
R&D Programme FD2320/TR22
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review process?s in relation to the definition of the High Flood Hazard Management Area. This area was found to
be largely defined by the water depth criterion rather than the combined depth and velocity criterion since, away
from the main river channels, velocity was generally low.
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4.5 4 H6 - unsafe for vehicles and people.
All bullding types considered vulnerable to failure
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Figure 6.5: Combined flood hazard curves (Figure 6.7.9 of Australian Rainfall and Runoff: A Guide to Flood
Estimation, Book 6, Chapter 7)

28 Independent Hearings Panel, Christchurch Replacement District Plan, Decision 53, Chapter 5: Natural Hazards - Stage 3, 2016
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Less than 0.75 Very low hazard - Caution
0.75t0 1.25 Danger for some — includes children, the elderly and the infirm
1.2510 2.0 Danger for most — includes the general public
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Figure 6.6: Hazard to People Classification using Hazard Rating (Table 13.1 from Framework and Guidance for
Assessing and Managing Flood Risk for New Development, UK Defra/Environment Agency Flood and Coastal
Defence R&D Programme FD2320/TR22- Extended version) — Hazard Rating (HR) = d x (v+0.5) + DF (d is water
depth, v is velocity and DF is the Debris Factor)

The DEFRA method specifically considers the hazards to people while the AR&R method considers hazards to
people, vehicles, and buildings. However, the lower flood depth thresholds in the AR&R method reflect hazard to
people rather than hazard to buildings. The District Plan primarily controls the development of buildings and
infrastructure, for which the depth of water for a given severity of hazard is higher than that for people. Although
buildings and other infrastructure can be designed and constructed to perform safely in areas of relatively deep
flooding, most development will be occupied or used by people who will need to access or egress buildings
during a flood. The depth thresholds for the same category of hazard are lower for people than for buildings. We
therefore consider it appropriate, and consistent with the requirements of Section 6(h) of the RMA to consider
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“significant risks”, to define flood hazard depth thresholds based on hazards to people, considering the AR&R
and DEFRA thresholds.

6.3.3 Change in Likelihood and Consequences in the Future
The likelihood and consequences of coastal inundation in the district will increase in the future due to sea level
rise resulting from climate change, which will increase storm tide levels. Figure 6.7 shows how the frequency of

the present day 100-year and 10-year storm tides in the Avon-Heathcote estuary, as defined in the CHA, will
increase in the future based on MfE (2017) projections of sea level rise for the RCP8.5H+ scenario.

100 '1in 100 year'

@
I
[¢]
>
z 80
<
~
—
<
>
i
= 60
<
L
(&)
Z
L
o
S 40
O
L
@
—
<
)
Z 2
<
1in 10 year' '1in 10 year'
0 'lin1year' 'linlyear'
2020 2030 2040 2050 2060
TIME

Figure 6.7: Change in Annual Recurrence Interval of present-day 100-year and 10-year ARI storm tides in the
Avon-Heathcote estuary (RCP8.5H+ scenario of MfE 2017)

Land use planning should take account of reasonably foreseeable amounts of SLR in considering coastal
inundation hazard. Figure 6.7 shows that based on current projections, the frequency of present-day extreme
tides will increase rapidly over the next 20 to 40 years. The effect of SLR on inundation can be included by
mapping inundation for representative scenarios of SLR values combined with the present-day storm tide level.
We have selected SLR values of 0.6m and 1.2m as “lower” and “higher” SLR scenarios for inundation mapping as
set out in Section 5 of this report.

The lower value SLR scenario is more likely to occur within the planning timeframe (it will occur sooner) than the
higher value. There is less confidence in the timing of the higher value SLR scenario (it will occur later) but it can
reasonably be expected to occur at some point in the future.
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6.4 Mapping Methods
6.4.1 Methods

Two main methods for categorising and mapping coastal inundation for the district have been assessed as
summarised below.

Method 1: Inundation categorised according to the likelihood or frequency of flooding, regardless of the depth of
flood water. In this method we have used the CHA bathtub flood extent for the 10-year ARI and 100-year ARI
(10% and 1% AEP) flood events as thresholds to define three inundation categories. Although the 1-year ARI
(63% AEP) flood extent is also available from the T+T bathtub assessment, these areas are generally well known
to be regularly inundated and there is little need for additional planning controls.

Method 2: Inundation categorised by hazard severity, defined by the maximum depth of flood water during a low
frequency event. In this method we have used the CHA bathtub water depths for the 100-year ARI (1% AEP)
storm tide event — the smallest probability considered in the CHA — to categorize flood hazard. Two different
hazard classification systems were also tested:

Method 2a: Water depth bands based on the AR&R method (Combined Hazard Vulnerability Curves of
“Australian Rainfall and Runoff: A Guide to Flood Estimation”, Book 6).

Method 2b: Water depth thresholds based on the DEFRA method (Hazard to People Classification of
“Framework and Guidance for Assessing and Managing Flood Risk for New Development”, UK DEFRA R&D
Technical Report FD2320/TR2).

Both the classification systems consider flood water velocity as a factor in categorising hazard. Since the bathtub
method does not determine velocity, we have categorised hazard using the “still water” depth criteria, or zero
velocity.

For both methods, we have produced separate maps for each of the two representative values of SLR selected —a
lower value scenario of 0.6m and a higher value scenario of 1.2m — for mapping coastal inundation. Table 6.3 to
Table 6.5 summarise the definitions of the inundation categories and SLR scenarios for each method.

Table 6.3: Definition of categories and scenarios for coastal inundation - Method 1 (likelihood)

Scenario Probability of flooding Rating Likelihood description Overall likelihood
catego
SLR Timescale e
Less than 1% AEP Low Less likely to flood (<39% chance over  Low in the near future
50 years)
06 Likely to occur ~ Between 1% AEP and Medium Likely to flood Medium in the near future
6m
soon 10% AEP (39% to 99% chance over 50 years)
10% AEP or greater High Very likely to flood (more than 99% High in the near future
chance over 50 years)
Less than 1% AEP Low Less likely to flood (<39% chance over = Low further in the future
Unlikely to S0years)
occur soon, Between 1% AEP and Medium Likely to flood Medium further in the
1.2m . o
likely to occur  10% AEP (39% to 99% chance over 50 years) future
later 10% AEP or greater High Very likely to flood (more than 99% High further in the future

chance over 50 years)
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Table 6.4: Definition of categories and scenarios for coastal inundation - Method 2a (hazard/flood depth)

Scenario

SLR

0.6m

1.2m

Timescale

Likely to occur soon

Unlikely to occur soon, likely to
occur later

“Bathtub” water

depth (1% AEP)

Omto05m

05mtol2m

Over
1.2m

Omto05m

05mtol2m

Over
1.2m

Rating

Low

Medium

High

Low

Medium

High

Hazard description

Generally safe for people

Unsafe for children and the
elderly and for vehicles

Unsafe for people and
vehicles

Safe for people

Unsafe for children and the
elderly and for vehicles

Unsafe for people and
vehicles

Overall hazard Category

Low in the near future

Medium in the near future

High in the near future

Low further in the future

Medium further in the
future

High further in the future

Table 6.5: Definition of categories and scenarios for coastal inundation - Method 2a (hazard/flood depth)

Scenario

SLR

0.6

m

6.4.2

Timescale

Likely to occur soon

Unlikely to occur soon, likely to occur
later

Results

“Bathtub” water
depth (1% AEP)

Omto0.3m

0.3mto0.5m

Over
05m

Omto0.3m

0.3mto0.5m

Over
05m

Rating

Low

Medium

High

Low

Medium

High

Hazard description

Very low hazard

Danger for some (children,

elderly, infirm)

Danger for most (general
public)

Very low hazard

Danger for some (children,

elderly, infirm)

Danger for most
(generalpublic)

Overall hazard Category

Low in the near future

Medium in the near future

High in the near future

Low further in the future

Medium further in the
future

High further in the future

The overall inundation extent for the district, categorised by likelihood of inundation (Method 1) is presented in
Figure 6.8.

The mapping shows that over most of Banks Peninsula the extent of inundation is generally small and the
additional area inundated in the “medium” likelihood category is very small. This is because the ground level
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generally rises rapidly from the coastlines and the areas of lower ground are bounded by steeper slopes. The
largest area of inundation is in the coastal plain between the mouth of the Avon-Heathcote estuary and the
Waimakariri River.

Inundation categories

Likelihood
B HIGH

MEDIUM

Christchurch

Figure 6.8: Inundation map for Method 1 (flood likelihood) — note that, for clarity, “low” likelihood has not been
shaded on the map —it is defined as all land outside of “medium” and “low” likelihood.

Method 1 Likelihood thresholds

A sample extract of the inundation map for both SLR scenarios for Method 1 at the southern end of the Avon-
Heathcote estuary is provided in Figure 6.9. All maps produced for this assessment are available in a webviewer
accessible to the project team. Maps of the preferred approach has been provided to CCC as a spatial layer.

For both SLR scenarios the map shows that the extent of the “high” likelihood category (>10% AEP) is large and
the extent of the “medium” likelihood category (1% to 10% AEP) is very small in comparison. This is because the
variation in storm tide level for different likelihoods is relatively small (e.g. 0.2m between the 10% and 1% AEP
for the southern Avon-Heathcote estuary) and the land is relatively flat and bounded by steeper ground. The
difference in flood depth between the two likelihoods is also relatively small compared to typical hazard
classification thresholds. Most of the inundated area is categorised as a “high” likelihood of flooding but the
actual flood hazard will vary within it.
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0.6 mSLR S 1.2 mSLR

MEDIUM

= HiGH

Figure 6.9: Inundation map for Method 1 (flood likelihood) — note that, for clarity, “low” likelihood has not been
shaded in the map. It is defined as all land outside of “medium” and “low” likelihood.

Because the difference in inundation extent for different likelihoods is small and the method does not
adequately differentiate between areas of higher and lower hazard, this method of categorising inundation is
not recommended for planning purposes.

Given the small difference in extents, use of a single likelihood for mapping is appropriate and we recommend
using the1% AEP, the smallest for which CHA data is available, for inundation mapping.

Method 2a  Hazard thresholds (AR&R categories)
A sample extract of the inundation map for both SLR scenarios for Method 2a in show in Figure 6.10.

The map shows clear differentiation between the three categories of hazard for both SLR scenarios when using
the AR&R hazard thresholds method applied to the 1% AEP flood depths. The likelihood of inundation is not
explicitly taken into account in this method. However, the difference in depths between the 1% AEP and 10%AEP
depths (generally between 0.1m and 0.3m) means that when the inundation thresholds are applied to the less
likely 1% AEP water depth, they are equivalent to a lower depth threshold for the more likely 10% AEP depths.
For example in the south of the Avon-Heathcote estuary the “medium” hazard depth threshold of 0.5m for the
1% AEP corresponds to a depth of 0.3m (similar to the more conservative DEFRA method threshold) for the 10%
AEP. In this way the hazard thresholds reflect a lower depth threshold for more frequent events and a higher
depth threshold for less frequent events. This is shown in Figure 6.11.

For these reasons this hazard threshold method is recommended as the basis for mapping inundation.

However, to avoid the need for separate flood maps for each SLR scenario, it would be preferable to
incorporate the effect of SLR on hazard within an overall method.
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0.6 mSLR , 1.2 mSLR

MEDIUM

m—h v

Figure 6.10: Inundation map for Method 2a (flood hazard — AR&R method)
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Figure 6.11: Example of the relationship between threshold values for 1% and 10% AEP flood depths using the
AR&R method (Avon-Heathcote estuary south)

Method 2b  Hazard thresholds (DEFRA categories)
A sample extract of the inundation map for both SLR scenarios for Method 2b is provided in Figure 6.12.

The map shows less differentiation between the three categories of hazard for both SLR scenarios when applied
to the 1% AEP flood depths than when using the AR&R hazard thresholds method (Method 2a). This is because
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of the relatively small difference between the “medium” and “high” depth thresholds (0.3m and 0.5m
respectively). The “medium” hazard depth threshold of 0.3m applied to the 1% AEP depths equates toa 0.1m or
lower threshold when applied to the 10% AEP depths which is less appropriate than the equivalent depths using
the AR&R thresholds.

For these reasons we recommend Method 2a (AR&R hazard thresholds) instead of Method 2b (DEFRA hazard
thresholds) as the basis for inundation mapping.

0.6 mSLR S 1.2 mSLR

Low
MEDIUM

= HcGH

Figure 6.12: Inundation map for Method 2b (flood hazard — DEFRA method)
6.4.3 Comparison of Hazard Mapping from Bathtub and Hydrodynamic Model Data

Figure 6.13 compares hazard maps for the recommended thresholds of Method 2b, the AR&R method, using the
CHA bathtub data and the hydrodynamic model results presented in Section 6.2.2°. The storm tide in the model
simulations is estimated to be approximately 3.2m LVD37, or around 2.84m NZVD2016, inside the estuary
mouth. Figure 6.13 (a) shows the flood hazard categorised from the CHA bathtub data for a water level of 2.8m
NZVD2016 (the closest value available in the dataset). Figure 6.13 (b) shows the flood hazard categorised from
the TUFLOW model results.

The results show that there is generally little difference in the extents of the hazard categories mapped from the
two datasets. This provides confidence in using the bathtub data for this purpose. Most of the differences are
close to the inland boundary of the CHA dataset. This reflects the generally small differences in water depths
produced by the two methods relative to the hazard category depth ranges and the tendency for larger
differences close to the inland limit of the CHA dataset. The results suggest that, for hazard mapping, a minor
adjustment of the inland limit of the bathtub mapping could reduce potential inconsistencies with flood mapping
for inland areas derived from models.

The area in Aranui, between Pages Road and Breezes Road (circled in red) is connected via a drainage channel to
the estuary. The capacity of the drain and the local stormwater network could limit the extent and depth of
flooding in this area, as suggested in the TUFLOW model results. However, the model representation of this flow

29 Tonkin & Taylor, 2017: TUFLOW model simulation of 1% AEP storm tide and SLR to 2115, RCP8.5H+
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path may not be sufficiently detailed to accurately simulate inundation through this pathway. In such
“disconnected” areas, further assessment of inundation pathways may be needed to reduce uncertainty in the
mapped hazard.

Low
MEDIUM

Inland extent
of CHA
inundation
data

Inland extent |
of CHA
inundation |
dota

Figure 6.13: Comparison of hazard zones defined using Method 2a (AR&R hazard thresholds) and (a) CHA bathtub
data for a water level of 2.8m NZVD201; and (b) T+T TUFLOW model simulations results for a storm tide of ~2.84
mNZVD2016. (Note that land within the estuary, below MHWS, is not mapped in the CHA data). Differences in
Aranui circled in red.

6.5 Recommended Method and Thresholds

6.5.1 Method

From the results of our tests of applying alternative methods and thresholds to the CHA bathtub depth data, we
recommend a mapping method which:

- uses a single likelihood of flooding,

- categorises hazard using still water depth thresholds informed by published scientific guidelines,

- includes the effect of SLR for two representative climate change scenarios.

The SLR value can be used as a measure of likelihood instead of the probability of flooding because:
i.  itreflects both the degree of certainty of occurrence and the time period in which it is likely to occur

ii. the depth of flooding varies more with SLR than with AEP for a range of “reasonably foreseeable” and
“significant” occurrences.
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By combining measures of both likelihood and hazard our method defines thresholds and categories of flood
risk.

6.5.2 Thresholds and Scenarios

We recommend categorising the inundation hazard using the 1% AEP depth data. This is the smallest AEP for
which CHA data is available and we consider it is consistent with the purpose of the RMA to promote sustainable
management of natural and physical resources, ensures that the District Planning framework considers
intergenerational needs, and a precautionary approach is applied.

We recommend the H3 (“unsafe for vehicles, children and the elderly”) and H4 (“unsafe for vehicles and
people”) hazard classification thresholds of the Australian Rainfall and Runoff guidelines as upper bounds to
defining hazard threshold depths. This reflects the fact that most development will be occupied or used by
people who will need to access and egress buildings during a flood and for whom the depth thresholds for the
same category of hazard are lower than for buildings. We therefore consider it appropriate, and consistent with
the requirements of Section 6(h) of the RMA to consider “significant risks”, to define flood hazard depth
thresholds based primarily on hazards to people.

As indicated, our hazard categories we have incorporated SLR values of:
0.6m — a lower value, more certain to occur within the planning timescale and will occur sooner, and

1.2m - a higher value, less certain to occur within the planning timescale and will occur later, but can
reasonably be expected to occur at some point in the future

We recommend that the inundation area is mapped using the 1% AEP depths with a SLR value of 1.2m (the
higher value). This ensures that areas that may become at risk of flooding in the future are included in planning
considerations.

Figure 6.14 shows our recommended values of depth thresholds applied to the 1% AEP flood depths with SLR of
1.2m. The corresponding depths for the 0.6m SLR scenario are shown for comparison. We have used the
recommended H3 threshold value of 0.5m as the threshold for “medium hazard”. For the “high” hazard threshold
we have used a value of 1.1m applied to the 1% AEP depth. This is slightly lower than the recommended H4
threshold value (1.2m) but corresponds to a depth of 0.5m in the lower SLR scenario, in line with the
recommended H3 threshold value.

Table 6.6 presents the threshold values and Figure 6.15 illustrates the depths of water in each flood risk category
for the two SLR scenarios.
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Figure 6.14: Recommended depth thresholds for defining flood risk based on the 1% AEP flood level and 1.2m SLR

WATER DEPTH (m)

2.0

=
o

0.0

“Upto0.6m SLR
= 0.6mto 1.2m SLR

HIGH
HAZARD .

SRR

e e
e e
e e
e e
e e
e e
e e
e e
e e
e e
e e
e e

o T P

i
n
n
n
n
n
n
n
n
n
n
n
n

MEDIUM
HAZARD

N
A

LOW
HAZARD

v

ALEALE LGRS

L

Figure 6.15: Flood risk categories based on the thresholds defined in Figure 6.14
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Table 6.6: Recommended definitions for coastal flood risk mapping using the CHA inundation depth data (d = water
depth from the CHA for 1% AEP)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None (dry) Low (d<0.5m)

Low Low (d <0.5m) Medium  (0.5m<d<1.1m)
Medium Medium  (0.5m<d<1.1m) High (d>1.1m)

High High (d>1.1m) High (d>1.7m)

6.5.3 Comparison of Hazard Mapping with Current Flood Maps

The flood risk categories mapped using the CHA bathtub depth data at two sample locations — the Avon-
Heathcote estuary and the Waimakariri River and Brooklands Lagoon area. These areas are shown in Figure 6.16,
Figure 6.17 and Figure 6.18. The current District Plan mapping of the High Flood Hazard Management Area, the
CCC 0.5% AEP flood extent and the current District Plan Flood Management Area are overlaid for comparison.
The 0.5% AEP flood extent is similar to the Flood Management Area overlay of the Christchurch District Plan.
However, that overlay also includes land where ground levels are within a height of 250mm above the 0.5% AEP
flood level. These were derived from models considered appropriate for use at the time of development of the
District Plan (around 2014) and tend to be more extensive than a modelled extent or a bathtub map for a similar
storm tide level.

In both sample areas the mapped “high” flood risk area generally aligns with the existing High Flood Hazard
Management Area. In the area along the Styx River (Figure 6.17) there are areas within the High Flood Hazard
Management Area for which there are no depth values in the CHA bathtub data. These areas are generally
bounded by “high” flood risk areas. These areas were masked out of the bathtub data in the CHA methodology
because the ground levels are below the Mean High Water Springs (MHWS) tide level. All land below MHWS is
excluded from the CHA data for presentation purposes at is regularly inundated without storm tide effects. Lower
lying land, beyond the estuaries and shorelines is also excluded. This masking should be removed when
applying the data for planning maps so that all land below storm tide level is mapped.

In the area around the Avon-Heathcote estuary, the existing 0.5% AEP flood extent is similar to the extent of the
low flood risk area closer to estuary. Further inland the area of low flood risk outside the 0.5% AEP extent
increases. The very low flood risk area generally lies beyond the 0.5% AEP extent. These differences are due to
the different values of SLR adopted in the two maps (1.2m and 1m), differences in storm tide levels and the
increasingly conservative nature of the bathtub map further inland. South of Brooklands lagoon, the bathtub
hazard extent is significantly greater than the 0.5% AEP extent. This could be due to attenuation of storm tide in
the lagoon and floodplain in the hydrodynamic model used to map the 0.5% AEP extent, or could be due to
differences in the tidal boundary water level adopted in the two methods.

The existing Flood Management Area is generally very similar in overall extent to the flood risk area mapped
from the CHA bathtub data around the Avon-Heathcote estuary, with generally only the “very low” risk area
extending beyond the Flood Management Area.
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Figure 6.16: Recommended flood risk mapping of coastal inundation compared to current High Flood Hazard
Management Area and CCC 0.5% AEP flood extent in the Avon-Heathcote estuary
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Figure 6.17: Recommended flood risk mapping of coastal inundation compared to current High Flood Hazard
Management Area and CCC 0.5% flood extent at the Waimakariri River and Brooklands Lagoon
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Figure 6.18: Recommended flood risk mapping of coastal inundation compared to current Flood Management Area
in the Avon-Heathcote estuary and at the Waimakariri River and Brooklands Lagoon
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6.54 Relationship to Tsunami Inundation

The Scope of Works included the requirement to cross reference the inundation hazard thresholds to tsunami
inundation data, to advise on areas of hazard overlap or gaps, and to consider whether an integrated multi
hazard approach should influence the risk categories. A number of hydrodynamic tsunami inundation modelling
studies for the Christchurch district has been undertaken since 2011 primarily for Civil Defence purposes. The
majority of these have involved worst case tsunami scenarios with return periods in the order of 2500 years and
are not relevant for comparison with the coastal flood inundation data for this study. However, a 2018 model
studyze for the CCC LDRP multi-hazards study includes a 500 year tsunami scenario, which can be used for
comparative assessment. This study involved modelling tsunami inundation depths for Christchurch city area
from a South American earthquake source, which previous studies had shown to be the worst-case scenario for
Christchurch. As well as present day sea levels, the modelling also included tsunami inundation with 1.06 m SLR
by 2120. The modelling did not include Lyttelton or Akaroa Harbours.

The modelling results showed the inundation extent within the city to be 39 km2 for a 500 -year tsunami arriving
at current mean sea level, with maximum depth of 5.4 m near the Waimakariri River mouth. The resulting
inundation map is presented in Appendix C and shows the main inundation locations with depths in the range 1-
5 to 2 m around Brooklands Lagoon, and the low-lying areas around the Avon-Heathcote Estuary and lower river
channels. Some inundation was also predicted around the dune openings at New and North Brighton. Extremely
high flow velocities (7- 8 m/s) were predicted at the mouth of the Estuary and the Waimakariri River, with high
velocities (3-4 m/s) near the dune openings, Sumner and mouths of the Avon and Heathcote Rivers

The inundation maps for the same tsunami scenario arriving with 1.06 m SLR is also presented in Appendix C.
The inundation extent is nearly doubled to 70 km? and reaches a maximum depth of 5.8 m. Depths in many
areas around the Styx, Lower Avon and Lower Heathcote and the Estuary are predicted to be greater than 2m.
The dunes along the coastal strip are overtopped at numerous locations causing nearly continuous inundation of
the land along Marine Parade. Although flow velocities are similar to the current day scenario, the overtopping is
likely to erode dunes and causing an increase in inundation that is not captured by the model.

The extent and depth of flooding for (a) the 500 year (0.2%) tsunami with 1.06m SLR and (b) the coastal
inundation risk map is compared in Figure 6.19. This was developed using the recommended depth thresholds
and the CHA bathtub data for the 1% AEP event with 1.2m SLR for a sample area around the Avon-Heathcote
estuary. The maps show that inland from the estuary the overall area at risk from tsunami inundation aligns fairly
closely to the CHA flood risk areas and the areas of highest water depth tending to lie within the “medium” and
“high” risk areas for coastal inundation. However, tsunami flooding is more extensive and deeper due to the
greater height and much greater duration and velocity of water arriving at the shore in a tsunami event.

30 passarella C., Arnold J., Lane E.; Land Drainage Recovery Programme: Tsunami Study. NIWA report 2018039CH Prepared for CCC.



yacob
Risk Based Coastal Hazard Analysis for Land-use Planning Uaco s

(b) » !"I'. Very low risk
2.5 Low risk

I : ,4{ Medium risk
20 "\ | Highrisk

Inundation Depth [m)]

-;S! Tifley

Figure 6.19: Comparison of (a) tsunami inundation map (500 year with 1.06m SLR) and (b) flood risk category map
derived using recommended thresholds and the 1% AEP flood depths with 1.2m SLR from the CHA in the Avon-
Heathcote estuary.

For the Banks Peninsula and Kaitorete coastline, Environment Canterbury commissioned GNS Science to
undertake multiple tsunami source and magnitude modelling over 20193t and 2020,32 which included scenarios
from up to 20 Pacific sources that give wave heights in the order 3 m to 5 m along the Peninsula and Kaitorete
coast. Although the probabilities of these tsunami events are not given, they are considered to be much more
comparative to the flood probabilities than the 2500-year events used in other tsunami modelling. Although the
maps presented from this modelling (reproduced in Appendix C) are small scale covering the whole peninsula,
they indicate that maximum tsunami water depths in the head of Lyttelton Harbour and the north to NE facing
bays could be up to 6 m for a 3 m tsunami wave, and up to 8 m for a 5 m tsunami wave. As such these tsunami
water depths are considerably greater than the flood inundation depths therefore the proposed flood thresholds
from this analysis are not appropriate for tsunami risk.

Any planning provisions and restrictions applied to the areas at risk from coastal inundation will also be of
benefit in reducing the impacts of tsunamis. However, due to the very low probability of tsunami events, and the
availability to have sufficient time for evacuation in the largest and potentially most damaging events (e.g. 12-16
hrs for South American tsunami source) the Civil Defence management response to them rather than a planning
response is appropriate.

31 Mueller, C., Wang, X., Power, W.L., Lukovic, B., 2019, Multiple scenario tsunami modelling for Canterbury. Report prepared for Environment
Canterbury. GNS Science consultancy report; 2018/198, GNS Science, Lower Hutt, New Zealand.

32 Mueller, C., Wang, X., Lukovic, B., 2020. Multiple scenario tsunami modelling for the Selwyn coastline, Kaitorete Barrier and Akaroa Harbour. Report
prepared for Environment Canterbury. GNS Science consultancy report 2020/47, GNS Science, Lower Hutt, New Zealand.
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6.5.5 Considerations in Applying the Risk Thresholds
Uncertainties

We have developed our recommended method for flood risk mapping for use with the CHA bathtub depth
outputs. For inundation from purely tidal events, this dataset tends to be conservative within the area of coverage
defined in the CHA. For this reason, we consider it unnecessary to include an additional allowance for uncertainty
in the depth data for mapping the inundation area or defining flood risk. In areas of higher flood risk, mitigation
measures such as minimum floor level requirements should include an appropriate freeboard allowance above
estimated flood level. More detailed assessment of flood level, including consideration of flooding from other
sources, may be warranted for individual developments to determine floor levels or other measures.

The bathtub method maps all land below the flood level without taking account of connectivity with the source
of flooding or the hydraulic capacity of pathways connecting flooded areas. Some flood risk areas may be
separated by higher ground from the source of flooding, which could prevent flooding in the “unconnected area”.
In common with the CHA, we have included both “connected” and “potentially unconnected” areas when
mapping flood risk using the proposed depth thresholds. In the CHA maps, potentially unconnected areas are
highlighted through different colouring to help guide adaptation responses. These could include more detailed,
case by case assessments to determine if pathways, such as culverts or sub-surface stormwater drains which are
not represented in the terrain data, would connect such areas and if their capacity would allow significant
inundation. Including all land which is below the source flood level in the inundation area also allows the residual
risk from breaches of stopbanks or impedance of stormwater drainage in low-lying areas to be included in both
sets of maps.

Negligible risk

The flood risk maps show all depths of water. Flood maps often exclude areas of very shallow water on the basis
that the flooding constitutes a “nuisance” rather than a danger and additional controls are not needed. If a
minimum depth of flooding is used to define the inundation area and the applicability of planning rules, such as
minimum floor level, then this should be consistent with other development controls. For example, for housing
outside of secondary flow paths the minimum floor height required under the Building Code is 150mm above the
adjacent ground level. To avoid the risk of flooding above floor level, additional freeboard would be required
where flood depths exceed 150mm as a minimum. We recommend that the minimum depth applied to
inundation mapping should be no greater than 50mm. A negligible depth threshold could be included in the
“very low risk” threshold of Table 6.6, i.e., as “0.05m < d < 0.5m”, for mapping the same CHA bathtub depth
data.

Data limitations

As discussed in Section 6.4.3, the CHA depth data is masked so that any land below the MHWS tide level is
excluded e.g. along the River Styx. This limits the coverage of the flood risk map since these areas are generally
at risk. The bathtub method is simple to apply, and the flood levels used in the CHA could be readily applied to
the same LiDAR ground level data to remove gaps in the coverage for preparation of planning maps.

The raster data used to produce the flood risk map results in a very complex topology due to the small grid size
used. For planning purposes this should be simplified and smoothed. This could include removal of any areas at
“indirect” risk of flooding if these are confirmed to be unconnected.
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7. Coastal Erosion Hazard Thresholds

This section first presents the recommended coastal erosion thresholds and similarly to the inundation section
then provides the discussion and reasoning behind this recommendation and the other approaches that were
considered.

7.1 Summary of Erosion Recommendations

Based on the different coastal morphologies within the Christchurch district and the various assessment methods
applied by T+T in different areas, the following are the recommended thresholds from the T+T data for
determining coastal erosion hazard zones:

1) For the Christchurch City urban area open coast; two erosion zones compromising of
a) A High Hazard Coastal Erosion Zone covering the whole current beach-dune width, and

b) Where required, a Low Hazard Coastal Erosion Zone to a lowland limit defined by the 10% probability
erosion distance with 1.2 m SLR by 2130 and an additional area required for “future healthy beach
factors”.

2) For the Avon-Heathcote Estuary; two erosion zones comprising of

a) A High-Medium Hazard Coastal Erosion Zone to a landward limit defined by the 66% probability
erosion distance with 0.6 m SLR by 2080, with consideration of a consistent generic width of 20 m
across all cells to be equal to the largest ASCE in any cell under this scenario/threshold option, and

b) A Low Hazard Coastal Erosion Zone to a landward limit defined by the 10% probability erosion distance
with 1.2 m SLR by 2130 with consideration of a consistent generic width of 20 m across all cells to be
equal to the largest ASCE in any cell under this scenario/threshold option

3) For the beaches and bays of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula Bays Coastal Erosion Hazard Zone, with the landward limit defined for:

a) Probabilistic assessment cells, as the 10% probability of erosion distance for 1.2 m SLR by 2130, and

b) Deterministic assessment cells, the limit of the ASCE from the 1.5 m SLR by 2130 scenario, which has
an assumed probability of 1-5%.

4) For the coastal cliffs of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula Cliff Erosion Zone of 20-30 m width as defined by the generic T+T cliff erosion setback

5) For assessment cells along the southern shore of the Avon-Heathcote estuary, Sumner Beach, Lyttelton Port
and Akaroa township where there are land reclamation and substantial hard protection structures; a single
High Hazard Coastal Erosion Zone hazard zone with a generic width in the order of 20 m.

The following discussion provides the discussion and justifications behind these recommendations.

7.2 Critical Thinking

In applying a risk-based approach to land-use planning for coastal erosion hazards, the key determination is
likelihood as the consequence is always high, for example land is eroded and therefore will be unusable after a
certain time.

To define appropriate erosion likelihoods for different coastal erosion risk categories for land-use planning a
combination of SLR scenario, time frames and probability of occurrence needs to be considered so risk can be
expressed as:
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“xxx probability that erosion will occur within yyy time frame under zzz SLR scenario”.

As per Section 5, we have defined the most appropriate SLR scenarios and timeframes as being 0.6 m SLR by
2080, and 1.2 m SLR by 2130. So, the probabilities that a certain erosion distance will occur within these
scenarios and timeframes can be used to define the thresholds for determining different categories of hazard
risk. The critical thinking behind the selection of these thresholds includes:

1. The probabilities are a measure of the “Statistical Uncertainty” of resulting erosion distance based on
distribution of certainty in the input data used for the erosion models and calculations. Most of the
distributions applied are normal, triangular, or extreme event depending on the data availability. This has
not addressed the “modelling uncertainty” covering how well the models and methods used can predict
future erosion, or the “Scenario uncertainty”, which is addressed in the choice of scenarios in Section 4.

In the T+T assessment the probabilities are expressed as the likelihood that the erosion will reach or be
greater than the calculated ASCE to that location. Therefore, the probabilities decrease with distance from
the current shoreline position, as there is decreasing likelihood that erosion will reach or exceed this position
with the specified magnitude of SLR within the specified timeframe. Hence for the same SLR magnitude and
timeframe, we can be more certain that erosion will reach the positions with higher probabilities, and less
certain it will reach the positions with lower probabilities.

The probabilities used in the thresholds link to the quantitative likelihood ratings presented in MfE
guidance) as shown in Figure 7.1. The most expected likelihood ratings to be used as thresholds include;
very likely (= 90%), likely (=66%), unlikely (<33%), and very unlikely (<10%). Itis noted that T+T
assessment presents results of a 5% probability, as the middle of the ‘very unlikely’ range (0-10%). The
ASCE distance to this probability level is slightly greater than to the 10% probability (in the order of 5 m
along the Christchurch open coast and 1-2 m in the Avon-Heathcote Estuary) and is less likely to occur.
However, for consistency of approach of using the probability limit of each likelihood rating so that all of the
proposed zone has a likelihood greater than ‘very unlikely’, we have used the 10% probability position for
defining ‘very unlikely’ occurrence rather than the 5% middle position presented by T+T.

Probability that a hazard event with a given annual exceedance
Likelihood rating probability will occur within the design life or planning timeframe (%)

About as likely as not: 33-66% probability of occurrence
Unlikely: < 33% probability of occurrence
Very unlikely: < 10% probability of occurrence

Figure 7.1: Relationship between quantitative likelihood ratings and probabilities. (From MfE, 2017; Table F-3)

An example of how these likelihood ratings convert to a probability distribution of erosion distance is shown in
Figure 7.2.
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Probability Distribution of Calculated Erosion Distance
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Figure 7.2: Example of probability distribution of erosion distances

2. For consistency of risk assessment, there needs to be a degree of consistency between the thresholds
applied across the different assessment types: probabilistic, deterministic, cliffs and protection structures.
While the above consideration of probabilities can be applied to the beach, bay and estuary cells where a
probabilistic assessment was undertaken, it cannot be applied to cells and areas covered by the other
assessment methods as the full range of probabilities is not available for these cells. Ways of addressing
this inconsistency are considered in the testing of different threshold options under each of the assessment
methods.

3. The distance between the thresholds defining different hazard risk categories needs to be sufficient for
likely land-use activity to be reasonably able to be carried out in the zone between the thresholds. For
example, it is considered that the use of thresholds which only produce 5 m wide hazard zones are not going
to be acceptable. This raises the following two questions:

I.  Where the distance between thresholds is too narrow for an acceptable planning zone width,
should the position be shown just for information that there are hazards in the area (e.g. low
risk of erosion for sea level rise over a100 year time frame) without associated planning
provisions, or should a generic acceptance zone width be applied even though some (and
possibly most) of the zone doesn’t meet the risk threshold?

II.  Whether the number of erosion hazard categories required can be reduced for some
environments from the three originally envisaged for this study to one or two to provide
suitable widths for land-use planning purposes.

4. For beach and bay environments, due to the ASCE distances being from the position of the dune/beach
ridge/bank toe, the thresholds for planning set-backs need to also allow for natural backshore
environments (e.g. dunes and beach ridges) within the set back distance. Therefore, the whole of the beach
environment is considered to be in a high hazard category so that the full natural protection ability of the
beach against coastal hazards is not compromised. This is consistent with NZCPS Policy 26 (natural
defences against coastal hazards) as well as having a number of ecological, nature character, and landscape
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reasons for being protected from inappropriate development which are consistent with objectives 1 and 2 of
NZCPS. The inclusion of the whole active beach and dune environment with Coastal Erosion Hazard Zones is
consistent with the approach taken in both the RPS and the RCEP.

5. Inadditional to the need to protect the current beach environment, there may also be a need to provide
an additional width within erosion set-back zones for “future healthy beach factors”. For example, once the
ASCE positions reach beyond the current beach/bank position they do not include any consideration for the
distance required to have a healthy dune or beach ridge environment, or stable bank slope. The absence of
these natural hazard protection environments would result in an increase in the consequences of erosion in
storm events and an increase in the frequency, extent, magnitude and consequence of inundation events, or
result in the need for more engineered protected structures. In more layman terms this means allowing
within district planning zones not only for where the erosion may be predicted to reach by the chosen
scenario/threshold combination, but also allowing for the beach and dune systems to move inland as the
front of these features erode so that they can still provide the same level of erosion protection. Hence the
outcome may be mapped hazard areas and district planning controls further inland from the T+T mapped
erosion extents. It is not possible in the timeframe of this analysis to recommend possible widths required
for “future healthy beach factors”.

6. The T+T approach of mapping ASCE’s in cells creates a number of discontinuities in mapping of the
potential thresholds across the cell boundaries, which creates difficulties for District Plan Erosion Hazard
Zone mapping. It is possible to develop a process for smoothing these discontinuities across other cells
involving consideration of the representativeness and certainty of the data used in the ASCE calculation as
the cell boundary is approached from both longshore directions. Such a process would need to be well
justified and documented as the largely subjective movement of the hazard zone is likely to be subject to
challenge. This smoothing will be required to be done before the threshold mapping can be used for
consultation on potential erosion hazard planning zones, however it is beyond the scope of this analysis to
develop the details of the process to undertake this task.

7.3 Hazard Threshold Options
7.3.1 For Detailed Probabilistic Assessment Cells

As described in Section 4.2, detailed probabilistic assessments were undertaken for 52 cells covering the
Christchurch City open coast, parts of the Avon-Heathcote Estuary, and beach or bank shorelines along the
existing larger settlements within Lyttelton and Akaroa Harbours.

The analysis for these probabilistic assessment cells involved trialling two approaches to defining thresholds for
erosion hazard categories. The preferred and alternative approach are discussed in turn below.

From the analysis, the Preferred approach involved reducing the probabilities and/or increase the SLR scenarios
through time while descending the hazard categories from high to low to recognise different levels of certainty in
the erosion calculations and that different land-uses may be appropriate over different timeframes. While there
are multiple combinations of timeframes, scenarios and thresholds possible, the best two options chosen to be
tested for sensitivity of resulting erosion distances are presented in Table 7.1. Note that although the 0.4 m SLR
by 2050 and 2.0 m SLR by 2150 scenarios do not fit the recommended SLR scenarios from section 5 (e.g. 0.6 m
by 2080 and 1.2 m by 2130), they are included in the sensitivity test for completeness of options.

Table 7.1: Threshold options for recommended probabilistic assessment approach to defining hazard categories
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Hazard Option Time Frame SLR since T+T Likelihood description
Category 2020 Probability (Statistical uncertainty)

High (a) 2050 0.4m 10% Greater erosion is very unlikely, so very certain this

erosion distance will occur in this short timeframe
(b) 2080 0.6 m 66% Erosion up to this distance is likely within this medium
timeframe, so less certain than option (a) High Hazard
Medium (@) 2080 0.6m 33% Greater erosion than this position is unlikely within this

medium timeframe
(b) 2130 12m 66% Erosion up to this distance is likely within this longer
timeframe, but less certainty that SLR to this
magnitude will occur within the timeframe
Low (aorb) 33% Greater erosion than this position is unlikely within
this longer timeframe, but less certainty that SLR to
this magnitude will occur within the timeframe
2130 12m
(aorb) 10% Greater erosion is very unlikely within this longer
timeframe, but less certainty that SLR to this
magnitude will occur within the timeframe
(aorb) 2150 20m 33% Greater erosion than this position is unlikely within

this much longer timeframe, but also much less

certainty that SLR to this magnitude will occur within
the timeframe

The Alternative Approach involved applying a consistent time frame and SLR scenario across all hazard
categories, with the decreasing probabilities being used to define the thresholds between hazard categories.
From the T+T increments, the chosen SLR scenario to test was the 1.2 m by 2130, with the threshold options
being as shown in Table 7.2. A second option under this approach of applying the 2.0 m SLR by 2150 scenario as
the low hazard threshold was also included in the sensitivity testing.

Table 7.2: Threshold options for alternative probabilistic assessment approach to defining hazard categories

Hazard Option Time Frame SLR since 2020 Probability Likelihood description
Category (Statistical uncertainty)
High (@) 90% Erosion very likely up to this distance
over this long timeframe.
(b) 2130 12m 66% Erosion likely up to this distance over
this long timeframe, so less certain
than option (a) High Hazard
Medium (@) 66% Erosion likely up to this distance over
this long timeframe,
2130 12m
(b) 33% Greater erosion than this position is
unlikely within this longer timeframe.
Low (1a) (@) 33% Greater erosion than this position is
2130 12m . . . .
unlikely within this longer timeframe.
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(b) 10% Greater erosion than this position is
very unlikely within this longer
timeframe.
Low (1b) (aorb) 2150 20m 33% Greater erosion is unlikely within this

much longer timeframe, but also less
certainty that SLR to this magnitude
will occur within the timeframe

Sensitivity testing of the erosion distances from each of the threshold options and consideration of the points
raised above in section 7.2 around zone widths and relationship to whole beach widths are discussed below for
each of coastal environments where T+T applied a probabilistic assessment approach.

Christchurch City open coast (T+T Cells 1-14)

Figure 7.3 shows examples on how the high, medium, and low hazard zones would look at North Brighton and
Southshore from applying the possible threshold options under the preferred approach in Table 7.1. All maps
produced for this assessment are available in a webviewer accessible to the project team. Maps of the preferred
approach has been provided to CCC as a spatial layer.

As can be seen from Figure 7.3, the options for high and medium hazard categories are largely within the existing
beach environment. This outcome is consistent along the whole of the Christchurch open coast, with the only
locations where this doesn’t occur being where the dunes have been removed at North Brighton and New
Brighton. A similar result was obtained from the alternative approach.

It is therefore recommended that to ensure that the full natural protection ability of the dune system against
coastal hazards is not compromised, the whole beach-dune width be treated as a High Hazard zone. The
position of this zone is shown in Figure 7.4 for the same areas as presented in Figure 7.3 (e.g. North Brighton and
Southshore). Note that the width of dune in Figure 7.4has subjectively been applied by the Jacobs team for the
purpose of this mapping from vegetation patterns on aerial imagery and smoothed along Marine Parade. These
dune positions would need to be confirmed before being used in District Planning Erosion Hazard Zoning.

This approach of including the whole beach-dune environment in the High-Hazard category is consistent with
NZCPS Policy 26 and with the approach taken in defining Coastal Erosion Hazard Zone 1 in both the RPS and the
RCEP. The position of Coastal Erosion Hazard Zone 1 is shown in Figure 7.4. As per section 7.2, there are also a
number of ecological, nature character, and landscape reasons for protecting the whole beach/dune
environment from inappropriate development.

It is noted that this whole beach/dune width approach to the High Hazard zone removes the issue with
inconsistency zone boundaries across the assessment cell boundaries as shown at South Brighton Spit in the
right pane for Figure 7.3. However, it is also noted that the width of the current dune system is variable due to
spatial differences in width of the beach-dune buffer applied to past developments. Further work is required to
define an optimum width required for healthy dune systems within the High Hazard Zone, as it is likely that in
some places current width will be too narrow (e.g. North and New Brighton due to Marine Parade), and in others
may be wider that required (e.g. South Brighton & Southshore).
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Figure 7.3: Possible options for High, Medium and Low Coastal Erosion Hazard Categories at North Brighton (left)
and Southshore (right). Not recommended due to High and Medium zones being within the beach system
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Figure 7.4: Recommended High Coastal Erosion Zone covering whole of the dune environment compared to the
RPS/RCEP Hazard Zone 1 and recommended Low Coastal Erosion Hazard Category based directly from the T+T
data at the same locations as shown in Figure 7.3 - North Brighton (left) and South Brighton Spit (right).
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For the Low Hazard zone, Figure 7.3suggests that spatially the 33% probability with 1.5 m SLR by 2150 provides
a more appropriate zone width for land use planning, however as stated in Section 5.2 this scenario is
conservative and it is more uncertain whether this magnitude of SLR will occur within a reasonable time frame for
land-use planning. Therefore the 10% probability with 1.2 m SLR by 2130 is considered more appropriate
landward boundary for the low Hazard zone and has a higher degree of consistency with the maximum
scenario from the deterministic assessment. However, as also noted in Section 7.2, further work is required to
define the additional width required in the Low Hazard Coastal Erosion Zone for ‘future healthy beach factors’.
This could result in the Low Hazard boundary being close to the position of the 33% probability with 1.5 m SLR
by 2150.

The position of the recommended Low Hazard boundary based directly on the position of 10% probability with
1.2 m SLR by 2130 from the T+T data is shown in Figure 7.4. As can be seem from the right pane in Figure
7.4(Southshore), there are locations where this recommended Low Hazard Category is also totally contained
within the current dune system that would be zoned as High Hazard Coastal Erosion, in which case it is
recommended that no Low Hazard Coastal Erosion Zone is required.

An overview of where Low Hazard zones would be required based directly on the position of the 10% probability
with 1.2 m SLR by 1230 from the T+T data (e.g. no consideration of ‘future healthy beach factors’ or minimum
width) are shown in Figure 7.5, with fuller spatial details being available on the webviewer.

0 100 200 m
|

Brooklands Spit

0°.. 100'' 200 m' .
I I LS ’ ] \*

New Brighton

North New
Brighton

Figure 7.5: Locations where recommended Low Coastal Erosion Hazard Category based directly from the T+T data
would be required along the Christchurch open coast - Brooklands Lagoon (left), North New Brighton (centre) and
New Brighton (right).
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Avon-Heathcote Estuary T+T Cells 15 to 24)

Figure 7.6 shows examples on how the high, medium, and low hazard zones would look at two locations in the
Avon-Heathcote Estuary from applying the possible threshold options in Table 7.1 under the preferred approach.

=== HIGH - 2050 SLRO.4m 10%
8 —- MEDIUM - 2080 SLRO.6m 33%

P == HIGH MEDIUM - 2130 SLR1.2m 66%
== MEDIUM - 2080 SLRO.6m 66%

= MEDIUM - 2130 5LR1.2m 33%
—— LOW - 2130 SLR1.2m 10%
| = LOW - 2150 SLR2.0m 33%

U
| Ty

Avon Heathcote
Estuary West

Figure 7.6: Possible options for High, Medium and Low Coastal Erosion Hazard Categories at Southshore (left) and
Oxidation ponds (right) around the Avon-Heathcote Estuary. Not recommended due to zones being too narrow.

As can be seen from Figure 7.6, the resulting zones are narrow, being in the order of 10-20 m for the High
Hazard options, 5 - 10 m width for the Medium zone options, and 5-20 m widths for the Low hazard zone
depending on location around the estuary. These widths are considered to be too narrow for effective land-use
planning provisions, so the following two zone approach is recommended.

=  High-Medium Coastal Erosion Hazard Zone Boundary: 66% probability of erosion with 0.6 m SLR by 2080
=  Low Coastal Erosion Hazard Boundary: 10% probability of erosion with 1.2 m SLR by 2130.

It is noticeable from the left pane of Figure 7.6 that these recommended thresholds would result in inconsistent
erosion hazard zone widths within different cells around the estuary and there will need to be in some locations
large adjustments and smoothing of the hazard zones across the cell boundaries. It is therefore further
recommended that consideration should be given to applying consistent erosion hazard widths across all
estuary assessment cells, with the generic width for the zones being equal to the largest ASCE in any cell under
the recommended scenario/threshold option. Under this approach, the width of both the High-Medium and
Low Coastal Erosion Hazard Zones being 20 m. The position of the recommended Coastal Erosion Hazard Zone
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boundaries under this approach for selected locations around the estuary is shown in Figure 7.7. More detailed
spatial details of these recommended positions are available on the webviewer.
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Figure 7.7: Recommended High-Medium and Low Coastal Erosion Hazard Categories at Southshore (left) and
Oxidation ponds (right) around the Avon-Heathcote Estuary.

Bays of Banks Peninsula

The recommended threshold options for the Avon-Heathcote Estuary were applied to Charteris Bay and Wainui
to see how the resulting zones would look for the bays in Lyttelton and Akaroa Harbours where the probabilistic
approach was used. The resulting hazard zones at 10-20 m for the High-Medium hazard category and an
additional 10 m for the Low Hazard category were considered too narrow to be practical for land-use planning
Zones.

It is therefore considered that there only be one hazard zone of these bays in the Harbours having the threshold
boundary of:

=  10% probability of erosion with 1.2 m SLR by 2130. The zone has a width 20 -30 m depending on
location, as shown in Figure 7.8for Charteris Bay and Wainui.

However, for consistency, this hazard zone also needs to be tested for compatibility with the those calculated in
other bays of Lyttelton and Akaroa Harbours and outer Peninsula calculated by the deterministic approach. The
results of this comparative testing are presented in the following section.

~= Banks Probab - Low Hazard Zone - 2130 5LR1.2 10%

Charteris Bay L R \\/3inUi
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Figure 7.8: Possible single Coastal Erosion Hazard Zones for Charteris Bay, Lyttelton Harbour (left Pane) and Wainui,
Akaroa Harbour (Right Pane), where probabilistic assessments were undertaken. Requires comparative testing
against Deterministic assessments.

7.3.2 For Deterministic Screening Assessment Cells

There are 48 cells in the bays and beaches of Lyttelton and Akaroa Harbours and the outer bays of the Peninsula
where the deterministic screening approach was used due to lack of data to undertake a probabilistic approach.
For these cells different SLR scenarios were used and due to the conservativeness of the method, the statistical
probability of erosion occurrence to the resulting ASCE distances are assumed to be 1-5%. However, for a risk
based approach to land-use, it is considered important that for similar environments, the resulting risk categories
and zone widths are similar regardless of method. Although this would best be achieved by re-running the
deterministic assessment for a SLR of 1.2 m by 2130, the comparative testing of the following available
thresholds was undertaken:

=  Deterministic assumed 1-5% probability for 1.5 m SLR by 2130

=  Probabilistic 5% probability for 1.5 m SLR by 2130 (for comparison to similar threshold/scenario as
deterministic approach)

=  Probabilistic 10% probability for 1.2 m SLR by 2130 (for comparison to best probabilistic single zone option
from above)
The results of this comparative testing for Wainui, where there are adjoining probabilistic and deterministic

assessment cells are shown in Figure 7.9, which shows the following important results:

1) There is very little difference in the width of a single hazard zone from using the different probabilistic
thresholds (max 5 m), and

2) The position of the probabilistic and deterministic low hazard thresholds are very similar.
Therefore, based on this result, it recommended that a single coastal erosion hazard zone for Banks Peninsula
bays and beaches is appropriate, and can be based on the following thresholds:

1) For Probabilistic assessment cells the 10% probability of erosion occurrence for 1.2 m SLR by 2130
to be consistent with the Low Hazard zones along the Christchurch Open Coast and the Avon-
Heathcote Estuary.

2) For deterministic assessment cells the boundary of the ASCE from the 1.5 m SLR by 2130 scenario,
which has an assumed probability of 1-5%.
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Figure 7.9: Comparative testing of Probabilistic and deterministic thresholds at Wainui, Akaroa Harbour
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7.3.3 For Cliff Assessment Cells

As outlined in Section 4.2.1, the ASCE along the cliff shorelines of the Banks Peninsula is defined as a generic
setback distance between 20-30 m. Examples of the comparative widths of these generic cliff hazard zones to
the Banks Peninsula single hazard zone in adjoining bays are shown in Figure 7.10 (Charteris Bay) and Figure
7.11 (Wainui). As can be seen from these Figures, the widths of the respective zones are not dissimilar, hence it
is considered that there is no significant inconsistency in using these generic cliff erosion setbacks as the
boundary for a single erosion zone for land-use planning along the cliff environments of Banks Peninsula.

===+ LOW - 2130 SLR1.5m 5%

= C(liff ASCE (T&T)

w==== Banks Probab - Low Hazard Zone - 2130 SLR1.2 10%
|| Banks Determ - Low Hazard Zone - 2130 SLR1.5 1-5%

Charteris Bay

Figure 7.10: Comparative width of generic cliff erosion zone to adjoining probabilistic and deterministic single
hazard zones at Charteris Bay, Lyttleton Harbour.
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Figure 7.11: Comparative width of generic cliff erosion zone to adjoining probabilistic and deterministic single
hazard zones at Wainui, Akaroa Harbour.

734 For Erosion Protection Cells

As indicated in Section 4.2 there are a number of cells along the southern shore of the Avon-Heathcote estuary,
Sumner Beach, Lyttelton Port and Akaroa township where due to land reclamation and substantial hard
protection structures, the future ASCE’s have been assessed as being the same as Current ASCE (e.g. erosion
resulting from structure damage/failure before repair). As such there is no change in ASCE with SLR scenario,
and very little change in erosion distance with probability.

For these protection cells, it is recommended that a generic single erosion hazard zone width in the order of 20
m be applied as a High hazard Zone. This zone would reflect the consequences of erosion should the
protection structures fail and allow for the control of activities in these areas.

It is recognised that inconsistencies in the erosion zone positions at the boundaries of these protection cells with
the detailed assessment cells, will need to be addressed.
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7.3.5 Considerations in Applying the Risk Thresholds
Uncertainties

Although the SLR scenarios have been chosen with regard to the uncertainties in the magnitude of rise, and the
timeframes over which they will occur, and we have developed our recommended erosion thresholds based on
the statistical uncertainty of the erosion occurring under these scenarios, there are other sources of uncertainty in
the data used to create the thresholds. These include

=  The modelling uncertainty, in that how well do the models used estimate future erosion? This is particularly
relevant to;

1) the extrapolation of past historical rates of shoreline movement, which is dependent on sand supply
from the Waimakariri River and longshore transport by waves. The T+T assessment presents erosion
data for both reductions and increases in sediment supply, and

2) the accuracy of the Bruun Rule to calculate the erosional effects of SLR.

There is nothing that can be done to reduce modelling uncertainty.

=  The uncertainty in the appropriate erosion across the cell boundaries where the position of the same
threshold values do not align. The recommended whole beach/dune environment approach to High Hazard
Coastal Erosion Zones for all cells on the Christchurch open coast and the consideration of generic erosion
hazard zone widths for Avon-Heathcote Estuary cells, will reduce the significance of this limitation. It is
possible to develop a process for smoothing these discontinuities across other cells involving consideration
of the representativeness and certainty of the data used in the ASCE calculation as the cell boundary is
approached from both longshore directions.

= Uncertainty about the future effectiveness and lifetimes of current protection structures and any future
erosion mitigation measures. This is addressed by the recommendation of a standard generic 20 m High
Coastal Erosion Hazard zone in these areas.

= Uncertainty about the spatial footprint of the current dune and backshore environments, and how much
width is required so that the full natural protection ability of the beach against coastal hazards is not
compromised. This can be addressed with further analysis of dune responses to past storm events and
modelling of potential future storm scenarios.

=  Uncertainty around how dune environments will naturally grow and develop in the future, particularly once
they begin to migrate beyond their current footprint, and how much additional area is required for “future
healthy beach factors”. This can be addressed with further investigations into dune migration processes.

Data limitations
The analysis of possible scenario and threshold combinations is limited to the data provided from the T+T

hazards assessment. These limitations include:

=  Data common to all assessment methods being limited to only two timeframes (2080 and 2130). Our
consideration of scenarios is therefore limited to these timeframes.

= Data in the deterministic assessment cells not being provided for the preferred scenarios (0.6 m by 2080
and 1.2 m by 2130), therefore limiting the ability for direct comparison with the probabilistic assessment
cells.

=  The deterministic data being limited to the upper probability bound, therefore potentially raising questions
on whether this is a reasonable hazard likelihood over the timeframe to 2130.
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8. Conclusions and Recommendations

A preferred approach to risk thresholds has been developed for recommended scenarios for both the erosion
and inundation hazards. These have been mapped to show the resulting low, medium and high risk category
areas. This mapping is available to the direct project team in a webviewer and the preferred approach will be
mapped as pdf’s in the final version of this report. These preferred approaches were compared to other
scenarios and existing mapped hazards areas during the process of this analysis. The preferred approaches for
each aspect are:

Inundation Table 8.1 provides the recommended definitions for coastal flood risk mapping and Figure 8.1 and
Figure 8.2 provide graphical examples of these four flood risk categories.

Table 8.1: Recommended definitions for coastal flood risk mapping using the CHA inundation depth data (d = water
depth from the CHA for 1% AEP)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None (dry) Low (d<0.5m)
Low Low (d <0.5m) Medium  (0.5m<d<1.1m)
Medium Medium  (0.5m<d<1.1m) High (d>1.1m)
High High (d>1.1m) High (d>1.7m)
HIGH RISK MEDIUM RISK LOW RISK VERY LOW RISK
4

3 +1.2m SLR
g

N

o +0.6m SLR

>

E2

g 1% AEP -

DEPTH FOR +0.6m SLR

: DEPTH FOR +1.2m SLR
1

Figure 8.1: Recommended depth thresholds for defining flood risk based on the 1% AEP flood level and 1.2m SLR
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Figure 8.2: Flood risk categories based on the thresholds defined in Figure 8.1

Erosion - Based on the different coastal morphologies within the Christchurch district and the various assessment
methods applied by T+T in different areas, the following are the recommended thresholds from the T+T data for
determining coastal erosion hazard zones:

1) For the Christchurch City urban area open coast; two erosion zones compromising of
a) A High Hazard Coastal Erosion Zone covering the whole current beach-dune width, and

b) Where required, A Low Hazard Coastal Erosion Zone to a lowland limit defined by the 10% probability
erosion distance with 1.2 m SLR by 2130 and an additional area required for “future healthy beach
factors”.

2) For the Avon-Heathcote Estuary; two erosion zones comprising of

a) A High-Medium Hazard Coastal Erosion Zone to a landward limit defined by the 66% probability
erosion distance with 0.6 m SLR by 2080, with consideration of a consistent generic width of 20 m
across all cells to be equal to the largest ASCE in any cell under this scenario/threshold option, and

b) A Low Hazard Coastal Erosion Zone to a landward limit defined by the 10% probability erosion distance
with 1.2 m SLR by 2130 with consideration of a consistent generic width of 20 m across all cells to be
equal to the largest ASCE in any cell under this scenario/threshold option

3) For the beaches and bays of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula Bays Coastal Erosion Hazard Zone, with the landward limit defined for:

a) Probabilistic assessment cells as the 10% probability of erosion distance for 1.2 m SLR by 2130, and

b) Deterministic assessment cells as the limit of the ASCE from the 1.5 m SLR by 2130 scenario, which has
an assumed probability of 1-5%.

4) For the coastal cliffs of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula Cliff Erosion Zone of 20-30 m width as defined by the generic T+T cliff erosion setback
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5) For assessment cells along the southern shore of the Avon-Heathcote estuary, Sumner Beach, Lyttelton Port
and Akaroa township where there are land reclamation and substantial hard protection structures; a single
High Hazard Coastal Erosion Zone hazard zone with a generic width in the order of 20 m.

Recommendations
It is recommended that CCC discuss the draft plan change policies and other methods that are developed for

these hazard areas with the author of this report to identify whether they are broadly consistent with the
reasoning behind the definition of thresholds and choice of scenarios.
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Appendix A. Literature Review Summary Information
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Table A.1: Summary of hazard categorising methodologies and associated thresholds in multiple documents

Document Flood hazard Erosion hazard
Auckland Council: Natural Hazard Risk Communication - Depth
Toolbox Natural Hazard Risk Management Action Plan, 2014 - velocity
https.//www.civildefence.govt.nz/assets/Uploads/NHRCToolbox/NHRCToolbox-Auckland-Council.pdf - Likelihood
- Consequence
Auckland Unitary Plan, update 9 July 2021 - Depth - Likelihood
https://unitaryplan.aucklandcouncil.govt.nz/pages/plan/Book.aspx?exhibit=AucklandUnitaryPlan_Print - Likelihood - Magnitude
- Consequence - Consequenc
e
Dunedin City Council 2020, 2nd Generation District Plan (2GP) - Likelihood
https://www.dunedin.govt.nz/council/district-plan/2nd-generation-district-plan - Velocity
- Consequence
33

- Sensitivity3*

Figure A1 and
Figure A.2

Waikato Regional Council: General info on website: Flood Hazard Information Questions and Answers - Depth (for

both inside and

outside the River
Figure A.3

https:.//www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Pages/Flood-FAQ.aspx

- Velocity (just
for OUTSIDE the

33 The consequences of a natural hazard event occurring are considered in the context of health and safety, costs of damage to the built environment, and social and economic impacts on the wider community
34 the sensitivity of land use activities is classified according to the health and safety implications of the land use. This helps to manage the consequences that may occur as a result of a natural hazard event. This
sensitivity classification draws from, and broadly corresponds to, the building importance levels defined in the Building Regulations 1992 (Schedule 1: The building code).


https://www.civildefence.govt.nz/assets/Uploads/NHRCToolbox/NHRCToolbox-Auckland-Council.pdf
https://unitaryplan.aucklandcouncil.govt.nz/pages/plan/Book.aspx?exhibit=AucklandUnitaryPlan_Print
https://www.dunedin.govt.nz/council/district-plan/2nd-generation-district-plan
https://www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Pages/Flood-FAQ.aspx
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Document Flood hazard Erosion hazard
River zone Figure
A4)
Hamilton City council (2012 information) - Depth
https.//www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Documents/GIS%20- - Velocity
%20Metadata%20for%20Flood%20Hazard%20Modelling%20(FHM)%20Data%20-%20City%20Waters.pdf Figure A5
Waimakariri District Council - Velocity
https://waimakariri. maps.arcgis.com/apps/MapsSeries/index.html?appid=16d97d92a45f4b3081ffa3930b53455 - Depth: (High
3 Hazard depth >1
m, Medium
Hazard - 0.3m

<Depth< 1m, Low
— Depth less than

0.3m)
Thames Coromandel District Plan - Depth
- Velocity
Figure A.6
. S s peyhibit— et
Christchurch District Plan https://districtplan.ccc.govt.nz/pages/plan/book.aspx?exhibit=DistrictPlan - Depth _likelihood
(based on Canterbury RPS Canterbury Regional Policy Statement | Environment Canterbury (ecan.govt.nz) - Velocity
- Likelihood
Wellington city council - Depth

https://qis.wcc.govt.nz/LocalMaps/Viewer/?map=5c3d903dc4c043e0953410033c5c0b3e Figure A7



https://www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Documents/GIS%20-%20Metadata%20for%20Flood%20Hazard%20Modelling%20(FHM)%20Data%20-%20City%20Waters.pdf
https://www.hamilton.govt.nz/our-council/council-publications/districtplans/flood/Documents/GIS%20-%20Metadata%20for%20Flood%20Hazard%20Modelling%20(FHM)%20Data%20-%20City%20Waters.pdf
https://waimakariri.maps.arcgis.com/apps/MapSeries/index.html?appid=16d97d92a45f4b3081ffa3930b534553
https://waimakariri.maps.arcgis.com/apps/MapSeries/index.html?appid=16d97d92a45f4b3081ffa3930b534553
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?exhibit=DistrictPlan
https://www.ecan.govt.nz/your-region/plans-strategies-and-bylaws/canterbury-regional-policy-statement
https://gis.wcc.govt.nz/LocalMaps/Viewer/?map=5c3d903dc4c043e0953410033c5c0b3e
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Document

Technical flood risk management guideline: Flood hazard Australian Disaster Resilience Handbook Collection
2012

https://knowledge.aidr.org.au/media/1891/quideline-7-3-technical-flood-risk-management.pdf

Department for Environment, Food & Rural Affairs (Defra) Flood Risks to People-Phase 2, 2006

Managing natural hazard risk in New Zealand — towards more resilient communities 2014

https://www.lgnz.co.nz/assets/Publications/de504aaea2/Managing-natural-hazards-L GNZ-think-piece.pdf

The National Flood Risk Analysis for the Netherlands FINAL REPORT, 2017?

https://www.helpdeskwater.nl/onderwerpen/waterveiligheid/programma-projecten/veiligheid-
nederland/english/flood-risk-the/

World Meteorological Organization

https://public.wmo.int/en/resources/bulletin/chinas-implementation-of-impact-and-risk-based-early-warning

Flood hazard

- Depth
- Velocity

Figure A.8 and
Figure A.9

- Depth
- Velocity
Figure A.10

- Likelihood

- Consequence

- Likelihood

- Consequence

- Depth

Figure A.11 and
Figure A.12

Erosion hazard


https://knowledge.aidr.org.au/media/1891/guideline-7-3-technical-flood-risk-management.pdf
https://www.lgnz.co.nz/assets/Publications/de504aaea2/Managing-natural-hazards-LGNZ-think-piece.pdf
https://www.helpdeskwater.nl/onderwerpen/waterveiligheid/programma-projecten/veiligheid-nederland/english/flood-risk-the/
https://www.helpdeskwater.nl/onderwerpen/waterveiligheid/programma-projecten/veiligheid-nederland/english/flood-risk-the/
https://public.wmo.int/en/resources/bulletin/chinas-implementation-of-impact-and-risk-based-early-warning
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Likelihood

Unlikely {1:200 - 1:500 or AEP range 0.2% to 0.5%)

Very uniikely (1:500 to 1:2500 or AEP range 0.04% to D.2%)

Figure A.1: Dunedin Council

Minor consequences

Includes:

- limited property damage that
may be repairable without
access to insurance, such as
cracks in walls or wet
foundations

- minor, non-life-threatening
injuries

- localised (rather than district-
wide) economic impact; and

- restricted site access to a site
for no more than 2 days due
to flood waters, but where safe
access is still possible on foot

Figure A.2: Dunedin Council

1S391200-NP-RPT-0001

Minor

nisk

Low risk

Low risk
Very low risk

Very low risk

Moderate consequences

At least 2 of the following outcomes:

- sefrious structural damage to
property, which is costly, but still
repairable, where access to
insurance is almost always
necessary to fix damage

- a potential for significant injury

- physical isolation on—site for more

than 2 days ata time

potential for economic impact

that may be felt at a district-wide

scale; and

some reliance on dvil defence.

Low to Moderate

Moderate Major
consequences consequences
Moderate to High risk | High risk
\Moderate risk High risk
Low risk Moderate risk
Low risk IModerate risk
Very low risk Low risk
Major consequences

At least 2 of the following outcomes:

significant property or asset damage or
loss, including structural damage that is
extensive and so severe that it may lead
to a property being abandoned or an
asset requiring complete replacement

a likely potential for long term
displacement, deaths or serious injuries
potential for significant effects to be felt
over a wider area, including public health
issues

potential for economic impact to be felt
at a regional scale; and

significant civil defence assistance being
required, including temporary shelter or
evacuation.



yacob
Risk Based Coastal Hazard Analysis for Land-use Planning Uaco s

Medium Flood
Hazard Area

Floodwater Depth

10cm

Insignificant - Nat Used

Average helght adult male
177em (5°10)

Figure A.3: Waikato River zone
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Figure A.4: Outside Waikato River zone
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Figure A.5: Hamilton City Council
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Figure A.6: Thames Coromandel
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Figure A.7: Wellington City Flood Hazard
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Hazard Vulnerability

Classification Description
H1 Generally safe for vehicles, people and buildings.
H2 Unsafe for small vehicles.
H3 Unsafe for vehicles. children and the elderly.
H4 Unsafe for vehicles and people.

Unsafe for vehicles and people. All buildings vulnerable to

H5 structural damage. Some less robust buildings subject to
failure.
Unsafe for vehicles and people. All building types

H6 . .
considered vulnerable to failure.

Hazar(_j_ CIaSS|f|cat|on_L|m|t Limiting Still Water Limiting Velocity
Vulnerability (Dand Vin Depth (D) V)
Classification combination) P

H1 D*V <0.3 0.3 2.0
H2 D*V <0.6 0.5 2.0
H3 D*V <0.6 1.2 2.0
H4 D*V<1.0 2.0 2.0
H5 D*V <4.0 4.0 4.0
H6 D*V >4.0 - -

Figure A.8: Australian Disaster Resilience Handbook (thresholds)

1S391200-NP-RPT-0001
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Figure A.9: Australian Disaster Resilience Handbook (categories)
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Figure A.10: Defra hazard matrix
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125 Danger for same

250 Danger for most

Depth X Velocity (m"/sec)

Hazard

Description

<0.75

LOwW

Caution
Shallow flood water or deep standing water

0.75 <15

MODERATE

Dangerous to vulnerable groups

Deep or fast flowing water,

Fatalities concentrated in vulnerable groups or
the result of human behaviour.

1.5<2.5

HIGH

Dangerous to most people
Deep or fast flowing water.
Fatalities due mainly to exposure to the hazard.

25>7.0

EXTREME

Dangerous for alf
Extreme danger from deep, fast flowing water.
Fatalities due to hazard exposure.

>7.0

EXTREME

Figure A.11: World Meteorological Organization

1S391200-NP-RPT-0001

Dangerous for all
Extreme danger from deep, fast flowing water
and risk of building collapse.
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Figure A.12: World Meteorological Organization
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Appendix B. Detailed Planning Context

B.1 New Zealand Coastal Policy Statement (NZCPS)

NZCPS provides national direction for the management of, and adaption to coastal hazards. Objective 5 of the
NZCPS provides an overarching guidance regarding hazards and land uses:

To ensure that coastal hazard risks taking account of climate change, are managed by:
- locating new development away from areas prone to such risks;
=  considering responses, including managed retreat, for existing development in this situation; and

= protecting or restoring natural defences to coastal hazards.
Policy 3: Precautionary approach:

(1) Adopt a precautionary approach towards proposed activities whose effects on the coastal environment are
uncertain, unknown, or little understood, but potentially significantly adverse.

(2) In particular, adopt a precautionary approach to use and management of coastal resources potentially
vulnerable to effects from climate change, so that:

(a) avoidable social and economic loss and harm to communities does not occur;

(b) natural adjustments for coastal processes, natural defences, ecosystems, habitat and species are allowed
to occur; and

(c) the natural character, public access, amenity and other values of the coastal environment meet the needs
of future generations.

The means by which to identify coastal hazard risks is described by Policy 24:

(1) Identify areas in the coastal environment that are potentially affected by coastal hazards (including tsunami),
giving priority to the identification of areas at high risk of being affected. Hazard risks, over at least 100 years, are
to be assessed having regard to:

(a) physical drivers and processes that cause coastal change including sea level rise;

(b) short-term and long-term natural dynamic fluctuations of erosion and accretion;

(c) geomorphological character;

(d) the potential for inundation of the coastal environment, taking into account potential sources, inundation
pathways and overland extent;

(e) cumulative effects of sea level rise, storm surge and wave height under storm conditions;
(f) influences that humans have had or are having on the coast;

(g) the extent and permanence of built development; and (h) the effects of climate change on:
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(i) matters (a) to (g) above;
(if) storm frequency, intensity and surges; and

(iii) coastal sediment dynamics; taking into account national guidance and the best available information on
the likely effects of climate change on the region or district.

These matters have been addressed by T+T in preparing the Coastal Hazard Assessment, which is the base data
for the analysis of thresholds for defining the boundaries of coastal hazard categories in this report.

The NZCPS requires councils to utilise the information developed in Policy 24 to manage the risks, and wider
effects of hazards on land uses. This approach is elaborated on by Policy 25:

- In areas potentially affected by coastal hazards over at least the next 100 years:
= avoid increasing the risk of social, environmental and economic harm from coastal hazards.

= avoid redevelopment, or change in land use, that would increase the risk of adverse effects from coastal
hazards;

= encourage redevelopment, or change in land use, where that would reduce the risk of adverse effects from
coastal hazards, including managed retreat by relocation or removal of existing structures or their
abandonment in extreme circumstances, and designing for relocatability or recoverability from hazard
events;

=  encourage the location of infrastructure away from areas of hazard risk where practicable;

= discourage hard protection structures and promote the use of alternatives to them, including natural
defences; and

=  consider the potential effects of tsunami and how to avoid or mitigate them.

It should be noted that the language used in this policy is directive with the use of “avoid” in the first two sub-
parts to the policy. RMA case law have established that avoiding or avoidance is of the highest order of
responses, only surpassed by prohibiting. In Environmental Defence Society Inc v The New Zealand King Salmon
Co Ltd [2014] NZSC 38, the New Zealand Supreme Court found that the use of the word avoid in the NZCPS
means “not allowing" and "inappropriateness”. As such, Policy 25 provides a clear direction as to the importance
of preventing an increase in coastal hazard risks, as well as the potential for more restrictive controls on existing
land uses. Policy 25 also provides clear direction as the duration that coastal hazard risks should be considered,
that being 100 years.ss

While this report does not recommend specific responses to coastal hazard, it is recognised that this analysis will
be used in concert with other analysis and community engagement to confirm preferred regulatory responses to
these risks. This process will also include the reporting required under s32 of the RMA, with the s32 reporting
needing to address Policy 27 of the NZCPS:

1 Inareas of significant existing development likely to be affected by coastal hazards, the range of options for
reducing coastal hazard risk that should be assessed includes:

35 The NZCPS describes risk as:
“Risk is often expressed in terms of a combination of the consequences of an event (including changes in circumstances) and the associated
likelihood of occurrence (AS/NZS I1SO 31000:2009 Risk management — Principles and guidelines, November 2009).”

It should be noted that exercises to identify and assess risks are not limited by the above description, given that it is only a description rather than a
binding definition.
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a) promoting and identifying long-term sustainable risk reduction approaches including the relocation or
removal of existing development or structures at risk;

b) identifying the consequences of potential strategic options relative to the option of “do-nothing”;
c) recognising that hard protection structures may be the only practical means to protect existing
infrastructure of national or regional importance, to sustain the potential of built physical resources to meet

the reasonably foreseeable needs of future generations;

d) recognising and considering the environmental and social costs of permitting hard protection structures
to protect private property; and

e) identifying and planning for transition mechanisms and timeframes for moving to more sustainable
approaches.

2. Inevaluating options under (1):

a) focus on approaches to risk management that reduce the need for hard protection structures and
similar engineering interventions;

b) take into account the nature of the coastal hazard risk and how it might change over at least a 100-year
timeframe, including the expected effects of climate change; and

c) evaluate the likely costs and benefits of any proposed coastal hazard risk reduction options.
B.2 Canterbury Regional Policy Statement (the RPS)

RPS Chapter 11 “Natural Hazards” policies provides some direction for assessing coastal hazards. The two
relevant objectives of this chapter are:

11.2.1 - Avoid new subdivision, use and development of land that increases risks associated with natural
hazards.

New subdivision, use and development of land which increases the risk of natural hazards to people, property
and infrastructure is avoided or, where avoidance is not possible, mitigation measures minimise such risks.

11.2.3 - Climate change and natural hazards

The effects of climate change, and its influence on sea levels and the frequency and severity of natural hazards,
are recognised and provided for.

These objectives are then detailed further by the following policies:
11.3.1 - Avoidance of inappropriate development in high hazard areas

To avoid new subdivision, use and development (except as provided for in Policy 11.3.4) of land in high hazard
areas, unless the subdivision, use or development:

1. isnotlikely to result in loss of life or serious injuries in the event of a natural hazard occurrence; and

2. is not likely to suffer significant damage or loss in the event of a natural hazard occurrence; and
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3. isnotlikely to require new or upgraded hazard mitigation works to mitigate or avoid the natural hazard;
and

4. is not likely to exacerbate the effects of the natural hazard; or

5. Outside of greater Christchurch, is proposed to be located in an area zoned or identified in a district
plan for urban residential, industrial or commercial use, at the date of notification of the CRPS, in which case
the effects of the natural hazard must be mitigated; or

6. Within greater Christchurch, is proposed to be located in an area zoned in a district plan for urban
residential, industrial or commercial use, or identified as a "Greenfield Priority Area" on Map A of Chapter 6,
both at the date the Land Use Recovery Plan was notified in the Gazette, in which the effect of the natural
hazard must be avoided or appropriately mitigated; or

7. Within greater Christchurch, relates to the maintenance and/or upgrading of existing critical or
significance infrastructure.

11.3.2 - Avoid development in areas subject to inundation
In areas not subject to Policy 11.3.1 that are subject to inundation by a 0.5% AEP flood event; any new
subdivision, use and development (excluding critical infrastructure) shall be avoided unless there is no increased
risk to life, and the subdivision, use or development:
1. isofatype thatis not likely to suffer material damage in an inundation event; or
2. isancillary or incidental to the main development; or 3. meets all of the following criteria:
a. new buildings have an appropriate floor level above the 0.5% AEP design flood level; and
b. hazardous substances will not be inundated during a 0.5% AEP flood event; provided that a higher
standard of management of inundation hazard events may be adopted where local catchment
conditions warrant (as determined by a cost/benefit assessment). When determining areas subject to
inundation, climate change projections including sea level rise are to be taken into account.
11.3.4 - Critical infrastructure
New critical infrastructure will be located outside high hazard areas unless there is no reasonable alternative. In
relation to all areas, critical infrastructure must be designed to maintain, as far as practicable, its integrity and
function during natural hazard events.
11.3.5 - General risk management approach
For natural hazards and/or areas not addressed by policies 11.3.1, 11.3.2, and 11.3.3, subdivision, use or
development of land shall be avoided if the risk from natural hazards is unacceptable. When determining whether
risk is unacceptable, the following matters will be considered:
1. the likelihood of the natural hazard event; and
2. the potential consequence of the natural hazard event for: people and communities, property and

infrastructure and the environment, and the emergency response organisations. Where there is uncertainty in
the likelihood or consequences of a natural hazard event, the local authority shall adopt a precautionary
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approach. Formal risk management techniques should be used, such as the Risk Management Standard
(AS/NZS ISO 31000:2009) or the Structural Design Action Standard (AS/NZS 1170.0:2002).

11.3.6 - Role of natural features

The role of natural topographic (or geographic) and vegetation features which assist in avoiding or mitigating
natural hazards should be recognised and the features maintained, protected and restored, where appropriate.

11.3.9 - Integrated management of, and preparedness for, natural hazards

To undertake natural hazard management and preparedness for natural hazard events in a coordinated and
integrated manner by ensuring that the lead agencies have particular regard to:

1. the investigation and identification of natural hazards;

2. the analysis and mapping of the consequential effects of the natural hazards identified;

3. the effects of climate change and resulting sea level rise;

6. any other matters necessary to ensure the integrated management of natural hazards in the Canterbury region

These objectives and policies are consistent with the direction set by the NZCPS, in that decision making
associated with land use activities should avoid increasing natural hazard risks. They also recognise and provide
for the projected increases in sea levels and associated hazards and detail the types of risks to be considered,
principally loss of life or significant damage to property. They also acknowledge the importance of critical
infrastructure and its locational requirements (i.e. some infrastructure must be located within/through hazardous
areas.

It is also noted that these policies are directive, in that they detail specific requirements for building in inundation
areas and this direction has been incorporated into this study’s identification of risks. The policy framework also
set out the requirement for district and city councils to investigate, map and address natural hazards, with
specific regard given to the effects of sea level rise and climate change.

Lastly, Policy 11.3.1 helpfully provides a definition of high hazard areas, which includes land subject to sea water
inundation and coastal erosion:

“High hazard areas” are:

1. flood hazard areas subject to inundation events where the water depth (metres) x velocity (metres per
second) is greater than or equal to 1, or where depths are greater than 1 metre, in a 0.2% AEP flood event;

2. land outside of greater Christchurch subject to coastal erosion over the next 100 years; and

3. land within greater Christchurch likely to be subject to coastal erosion including the cumulative effects
of sea level rise over the next 100 This includes (but is not limited to) the land located within Hazard Zones 1
and 2 shown on Maps in Appendix 5 of this Regional Policy Statement that have been determined in
accordance with Appendix 6, and

4. land subject to sea water inundation (excluding tsunami) over the next 100 years. This includes (but is
not limited to) the land located within the sea water inundation zone boundary shown on Maps in Appendix 5
of this Regional Policy Statement.
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B.3 Regional Coastal Environment Plan for the Canterbury Region (RCEP)

The RCEP recognises the dynamic and connected nature of the coastal environment and therefore includes
objectives, policies and rules for coastal hazards on the landward of the Mean High Water Spring boundary of
mandatory Regional Coastal Plans. The following objective and related policies are considered relevant:

Objective 9. a. To minimise the need for hazard protection works, and avoid or mitigate the actual or
potential effects of coastal hazards by locating use and development away.

Policy 9.1 a. New habitable buildings should be located away from areas of the coastal environment
that are, or have the potential to be, subject to sea water inundation or coastal erosion.

b. Any new development in the coastal environment should be designed or located in such a
way that the need for coastal protection works, now and in the future, is minimised.

c. The continued use and protection of essential infrastructure and services should be
provided for, where no reasonable alternative exists, in areas subject to coastal hazards,
provided adverse effects on the coastal environment are avoided, remedied or mitigated.

The RCEP pre-dates both the NZCPS and RPS, and its language is less restrictive than the NZCPS (i.e. should
rather than avoid), there is never-the-less the same clear guidance as to the importance of identifying, mapping
and assessing coastal hazards.  This includes the mapping of coastal erosion hazard zones along the majority
of the region’s coastline which form the areas for implementation of the rules under the above hazard objectives
and policies.

These erosion hazard zones are defined as being:

] Erosion Hazard Zone 1:

(a) For stable or accretionary shorelines: Where there is no evidence of shoreline erosion, the width of
Hazard Zone 1 is the area landward of the Coastal Marine Area boundary to the landward limit of the active
beach system. This position is determined either by ground survey, or from aerial photography.

(b) For most eroding shorelines: The width of Hazard Zone 1 includes the active beach system and the area
landward of this, which is likely to be part of the active beach system if contemporary erosion processes
continue unaltered for the next 50 years. Hence, the landward limit of Hazard Zone 1 corresponds to the
projected position of the landward toes of the active beach system.

The width of hazard zones has been determined by interpolating the rate of shoreline retreat between fixed
determination points. For all determination points, except for some special situations listed below, there was
no evidence of a change in the long term rate of shoreline retreat. Therefore, the longest term historical
erosion rates have been used. These will include short term fluctuations.

=  Erosion Hazard Zone 2:
No Hazard Zone 2 is defined for stable or accreting shorelines.
For eroding shorelines, Hazard Zone 2 is landward of Hazard Zone 1, and covers areas that could become

part of the active beach system within 50 to 100 years if the erosion rates used to calculate Hazard Zone 1
were to continue unaltered for 100 years.
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The RCEP also maps a sea water inundation zone, covering areas known to have been affected by coastal
inundation the past, but does not include any policies or rules around this hazard.

B.4 The Christchurch District Plan

The Christchurch District Plan currently includes a number of objectives and policies relevant to coastal hazards.
These would likely be reviewed and amended or replaced by a potential CHPC. Current objectives and policies
include:

Objective 3.6 — Natural Hazards

(a)New subdivision, use and development (other than new critical infrastructure or strategic infrastructure to
which paragraph b. applies):

(i) is to be avoided in areas where the risks from natural hazards to people, property and infrastructure are
assessed as being unacceptable; and

(i) in all other areas, is undertaken in a manner that ensures the risks of natural hazards to people, property and
infrastructure are appropriately mitigated.

(b) New critical infrastructure or strategic infrastructure may be located in areas where the risks of natural
hazards to people, property and infrastructure are otherwise assessed as being unacceptable, but only where:

(i) there is no reasonable alternative; and
(ii) the strategic infrastructure or critical infrastructure has been designed to maintain, as far as practicable, its
integrity and form during natural hazard events; and the natural hazard risks to people, property and

infrastructure are appropriately mitigated.

(iii) There is increased public awareness of the range and scale of natural hazard events that can affect
Christchurch District.

(iv) The repair of earthquake damaged land is facilitated as part of the recovery.
5.2.2.1.1 Policy - Avoid new development where there is unacceptable risk

(a) Avoid new subdivision, use and development, including new urban zonings, where the risk from a natural
hazard is assessed as being unacceptable.

5.2.2.1.2 Policy -- Manage activities to address natural hazard risks

(a) Manage activities in all areas subject to natural hazards in a manner that is commensurate with the likelihood
and consequences of a natural hazard event on life and property.

5.2.2.1.3 Policy -- Infrastructure
(a) Avoid locating new critical infrastructure where it is at risk of being significantly affected by a natural hazard
unless, considering functional and operational requirements, there is no reasonable alternative location or

method.

(b) Enable critical infrastructure to be designed, maintained and managed to function to the extent practicable
during and after natural hazard events.
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(c) Recognise the benefits of infrastructure and the need for its repair, maintenance and ongoing use in areas
affected by natural hazards.

5.2.2.2 Policy for managing risk from flooding
(a)Map hazard risk for the Flood Management Area based on:

(i) a modelled 0.5% AEP (1 in 200-year) rainfall event plus a 5% AEP (1 in 20-year) tide event plus 250mm
freeboard; OR a modelled 5% AEP (1 in 20-year flood event) plus a 0.5% AEP (1 in 200-year) tide event plus
250mm freeboard; OR 11.9m above Christchurch City Council Datum (the maximum 200-year tidal contour) plus
250mm freeboard; whichever is the greater; and

(iallowance for 1 metre of sea level rise and an increase in rainfall intensity by 16% through to 2115 as a result
of climate change; and

(iii) a maximum buffer extension of the modelled rainfall event areas by 60 metres in a north/south and
east/west direction.

(b) In the High Flood Hazard Management Area:

(i) provide for development of a residential unit on residentially zoned land where the flooding risk is
predominantly influenced by sea-level rise and where appropriate mitigation can be provided that protects
people's safety, well-being and property from unacceptable risk; and

(iii) in all other cases, avoid subdivision, use or development where it will increase the potential risk to people’s
safety, well-being and property.

(e)Except for filling required to meet minimum floor levels, ensure that filling in urban areas at risk of flooding in a
major flood event does not transfer flooding risk to other people, property, infrastructure or the natural
environment.

() Reduce potential flood damage by ensuring floor levels for new buildings or additions to buildings, except
those unlikely to suffer material damage, are above flooding predicted to occur in a major flood event, including
an allowance for appropriate freeboard.

The above objective and policies provide a context regarding hazard identification and assessment, including
specific guidance regarding flooding and sea level rise. In particular, the District Plan replicates the language of
higher order RMA documents, in that hazards should be avoided where the risks generated by these hazards is
unacceptable. This study has employed this policy approach and incorporates the concept of unacceptable risk
into its methodology.

The District Plan also recognises the functional need for activities in hazard locations, principally infrastructure.
Again, consideration of the risks to critical infrastructure has been incorporated into this study. Lastly, the District
Plan also incorporates a set sea level rise figure as it relates to inundation risks. This current District Plan
approach is acknowledged by this study and it is noted that the current sea level rise horizon and level will likely
be replaced by any future plan change.

B.5 The Banks Peninsula District Plan
The Banks Peninsula District Plan currently includes a number of objectives and policies relevant to coastal

hazards. These would likely be reviewed and amended or replaced by a potential CHPC. Current objectives and
policies include:
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Chapter 38 — Objective 1

To avoid or mitigate the costs resulting from natural hazards in terms of loss of life and loss or damage to
property and the environment.

Policy 1A

New subdivision and development shall take into account any potential risks from natural hazards. The minimum
protection aimed for is that there should be no damage:

e Tonew dwellings or their contents from flood events with a 1:500 probability of occurrence, or from
events arising from slope instability.

e To existing dwellings or their contents from flood events with a 1:200 probability of occurrence, or from
events arising from slope instability.

Policy 1C

Risk reduction measures shall be promoted where existing activities are located in areas of high existing or
potential risk.

Policy 1E

Council data on natural hazard events will be updated progressively, and consideration given to any need for a
review of natural hazards provisions in the Plan.

Policy 1F

No measure intended to remedy or mitigate a natural hazard should have a significant adverse effect on the
environment.

Policy 1G

In flood-prone areas earthworks should only be undertaken in such a way that they do not cause or worsen flood
risk elsewhere

B.6 Coastal Hazards and Climate Change: guidance for local Government

Provides non-statutory guidance to assist local governments for effective climate change adaptation planning in
the face of increasing coastal hazard risks form climate change. The document adopts, and recommends, a 10-
step decision cycle for-long term strategic planning and decision-makingss. It also explains the relationship for
coastal hazard management under RMA, policy and plans.:? The guidance provide some useful
recommendations in using climate change hazards information such as sea level rise (SLR) scenarios in the local
planning context, discussed in Section 5 of this report.

36 See page 14 of the document here https://environment.govt.nz/assets/Publications/Files/coastal-hazards-guide-final.pdf
37 See page 218 of the document here https://environment.govt.nz/assets/Publications/Files/coastal-hazards-guide-final.pdf
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Appendix C. 500 year Return Period Tsunami Inundation Depths

From Bosserelle C., Arnold J., Lane E.; Land Drainage Recovery Programme: Tsunami Study. NIWA report
2018039CH Prepared for CCC.
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From GNS Science 2019 & 2020 (as presented in ECan 2020 — Review of tsunami evacuation zones for Banks

Peninsula and the Kaitorete coast)
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Appendix D. Glossary

Risk-related terminologies

Hazard

Exposure

Vulnerability

Risk

Scenarios

Threshold

Representative Concentration Pathway
(RCP)

Shared Socioeconomic Pathways (SSPs)

Scenarios

Definitions

Severity and magnitude of a natural or human-induced event or trend that causes harmful
impacts (consequences) on natural, built environment, or social systems (MfE 2020).

The lack of systems (i.e., properties, infrastructures, human) protection against adversity
(adverse hazard factors) in a hazard prone area, that could cause negative impacts.

The propensity or predisposition to be adversely affected. Vulnerability encompasses a
variety of concepts and elements including sensitivity or susceptibility to harm, and lack of
capacity to cope and adapt

The interaction between the hazard, exposure of things to that hazard and the vulnerability
of the things that are exposed.

The range of SLR curves under various RCP emission scenarios, timeframes and event return
periods that were considered most suitable for use for District Planning purposes.

was conceptually to be used in this work as a method of categorising between areas of
differing level of risk. So, it was the method by which some characteristic of the hazard was
to be used to determine between high, medium and low risk

A future assumptions of greenhouse gas concentration trajectory adopted by the
Intergovernmental Panel on Climate Change

Shared Socioeconomic Pathways (SSPs) are scenarios of projected socioeconomic global
changes up to 2100. They are used to derive greenhouse gas emissions scenarios with
different climate policies.

The combination of a future timeframe and climate change Representative Concentration
Pathways (RCP), which together determine a projected SLR and consequent increase in
hazard exposure,
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Addendum Report to Risk Based Coastal Hazard Analysis for Land-use Planning Report

Executive summary

In July 2021, CCC commissioned Jacobs to conduct a risk-based coastal erosion and inundation hazard
analysis for land-use planning. The recommendations from the study (Risk Based Coastal Hazard Analysis for
Land-use Planning, Jacobs report 1IS391200-NP-RPT-0001, September 2021) were used by CCC in their
Issues and Options paper for consultation with communities and stakeholders on the Coastal Hazards District
Plan Change in conjunction with consultation on the Coastal Hazards Adaptation Planning Programme also
being undertaken by CCC. The recommendations were externally peer reviewed by Beca. In light of
community submissions and external peer review comments, we have updated our recommendations, which
are presented in this addendum to the Jacobs (2021) report. The purpose of this addendum report is to
present the analysis undertaken to justify the recommended thresholds for the hazard categories and to
present the spatial extent of the resulting hazard zones for both coastal inundation and erosion.

Council intend to use this addendum report to support the identification of Qualifying Matters in Plan Change
14 - Housing and Business Choice which is anticipated to be notified in September 2022.

The objectives of our project were to:

a) Define a range of suitable hazard thresholds and applicable scenarios* to develop low, medium, and
high erosion and inundation hazard areas

b) Recommend a preferred approach to the categorising and mapping of erosion and inundation
hazards to inform the drafting of plan change provisions appropriate to the differing levels of risk.

A review of the approaches currently used in District and Regional Plans in New Zealand, non-statutory
documents and consideration of international guidance was undertaken to inform the choice of risk
thresholds and scenarios.

Thresholds were developed for the new erosion and inundation coastal hazard data from the CHA which was
in the form of bathtub modelling data for inundation and a range of methodologies for erosion along
differing coastline types. A range of approaches to define areas of low, medium and high risk were developed
and compared, from which a preferred approach was recommended.

We have allowed for the increase in hazard exposure due to expected sea level rise (SLR) by assessing both
the erosion and inundation hazards for two SLR scenarios - 0.6 m SLR by 2080 and 1.2 m SLR by 2130.

For Inundation, the 0.5% annual exceedance probability — a reasonably foreseeable event and consistent with
definitions under the existing District Plan and Regional Policy Statement —and the 1.2 m SLR scenario were
selected to define the overall extent of inundation hazard. This scenario ensures intergenerational needs, and
a precautionary approach are applied to the planning framework.

Thresholds are based on the water depth for the 0.2% annual exceedance probability with 1.2m SLR and
were developed by considering the hazard to people who need to access, egress, or use the buildings during a
flood.

The depth threshold values were informed by published guidelines and used to define four coastal flood risk
categories — high/medium/low/very low. These categories allow for a consideration of the change in the
flood depth between the higher confidence SLR scenario (0.6 m) which is likely to occur sooner, and the lower
confidence, but higher consequence, SLR scenario (1.2 m) which may occur further in the future. The
recommended flood risk categories are presented in Table 1-1.

1 “Scenario” refers to a combination of a future time period and climate change scenario (RCP) which together determine a projected rise
in mean sea level (SLR) and consequent increase in hazard.
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Table 1-1. Recommended definitions for coastal flood risk mapping using the CHA inundation depth data
(d = water depth from the CHA for 0.2% annual exceedance probability)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None  (dry) Low (d<04m)

Low Low (d<04m) Medium (0.4 m<d<1.0m)
Medium Medium (0.4 m<d<1.0m) High (d>1.0m)

High High (d>1.0m) High (d>16m)

For Erosion, based on the assumption that the permanent loss of land due to erosion is always high,
likelihood was selected as the key determinant of erosion thresholds, being the statistical probability that a
certain erosion distance will occur within a given timeframe.

Several thresholds across different SLR timeframes were tested to assess whether they can meet the
requirements under the Resource Management Act 1991 (RMA) of defining reasonably foreseeable hazards,
and that the resulting hazard zones meet the needs of future generations. The analysis also considered the
various assessment methods applied by T+T in different areas of the District. The recommended combination
of thresholds and scenarios are:

1) For the Christchurch City urban area open coast; two erosion zones compromising of
a) A High Hazard Coastal Erosion Zone covering the current beach-primary dune width, and

b) Where required, A Low Hazard Coastal Erosion Zone to a lowland limit defined by the 10% probability
erosion distance with 1.2 m SLR by 2130 and an additional area required for “future dune resilience
factor”.

2) For the Avon-Heathcote Estuary; two erosion zones comprising of

a) A High-Medium Hazard Coastal Erosion Zone defined by a consistent generic width of 20 m across all
cells to be equal to the largest ASCE in any cell for the 66% probability erosion distance with 0.6 m
SLR by 2080

b) A Low Hazard Coastal Erosion Zone defined by a generic additional width of 20 m across all cells to
be equal to the largest ASCE in any cell for the 10% probability erosion distance with 1.2 m SLR by
2130.

3) For the beaches and bays of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula Bays High-Medium Coastal Erosion Hazard Zone, with the landward limit defined for:

a) Probabilistic assessment cells as the 10% probability of erosion distance for 1.2 m SLR by 2130, and

b) Deterministic assessment cells as the limit of the ASCE from the 1.5 m SLR by 2130 scenario, which
has an assumed probability of 1-5%.

4) For the coastal cliffs of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula High-Medium CIiff Erosion Zone of 20-30 m width as defined by the generic T+T cliff erosion
setback

5) For assessment cells along the southern shore of the Avon-Heathcote estuary, Sumner Beach, Lyttelton
Port and Akaroa township where there are land reclamation and substantial hard protection structures; a
single High-Medium Hazard Coastal Erosion Zone hazard zone with a generic width in the order of 20 m
based on the short-term erosion response if these reclamation and protection structures failed.

Maps have been created showing the hazard zones relating to the recommended inundation and erosion risk
categories as shown in the sample extract in Figure 1-1. These have been provided to CCC as a spatial layer.
Maps of all the other options considered are provided in a spatial viewer accessible to the project team.
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Erosion Zones
=== High Hazard Zone
High-Medium Hazard Zone
=== Low Hazard Zone
Inundation Hazard Zones
00 1 - Very Low Risk
[0 2 - Low Risk
- 3 - Medium Risk
[ 4 - High Risk

Figure 1-1. Sample extract of mapping of the recommended erosion and inundation zones
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@ Important note about your report

The sole purpose of this report and the associated services performed by Jacobs is to develop a risk-based approach to
analysing coastal hazards to be used in land-use planning in accordance with the scope of services set out in the
contract between Jacobs and Christchurch City Council (‘the Client’). That scope of services, as described in this report,
was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the absence
thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report, Jacobs has not
attempted to verify the accuracy or completeness of any such information. If the information is subsequently determined
to be false, inaccurate or incomplete then it is possible that our observations and conclusions as expressed in this report
may change.

Jacobs derived the data in this report from information sourced from the Client and/or available in the public domain at
the time or times outlined in this report. The passage of time, manifestation of latent conditions or impacts of future
events may require further examination of the project and subsequent data analysis, and re-evaluation of the data,
findings, observations and conclusions expressed in this report. Jacobs has prepared this report in accordance with the
usual care and thoroughness of the consulting profession, for the sole purpose described above and by reference to
applicable standards, guidelines, procedures and practices at the date of issue of this report. For the reasons outlined
above, however, no other warranty or guarantee, whether expressed or implied, is made as to the data, observations and
findings expressed in this report, to the extent permitted by law.

This report should be read in full, and no excerpts are to be taken as representative of the findings. No responsibility is
accepted by Jacobs for use of any part of this report in any other context.

The coastal hazard data and information analysed in this assessment was developed by Tonkin and Taylor Ltd for
Christchurch City Council and this information has been used as provided with no review of the accuracy of that
information or its method of development.

This report has been prepared on behalf of, and for the exclusive use of, the Client, and is subject to, and issued in
accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no liability or
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party.
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1. Introduction

This document is an addendum to the Jacobs report titled “Coastal Hazards Plan Change — Analysis/Technical
Advice — Risk Based Coastal Hazard Analysis for Land-use Planning”, document reference 1S391200-NP-RPT-
0001 Final, dated September 17 2021 (referred to in this document as Jacobs, 2021).

The Jacobs (2021) document detailed a range of options for using Council’s coastal erosion and inundation
hazard assessment data within land use planning. Specifically, it sought to develop a risk based approach to
identify areas of high, medium and low risk and map extents of these across the city and Banks Peninsula.

Our recommendations from the Jacobs (2021) report were used by CCC in their Issues and Options paper for
consultation with communities and stakeholders on the Coastal Hazards District Plan Change in conjunction
with consultation on the Coastal Hazards Adaptation Planning Programme also being undertaken by CCC.
The recommendations were externally peer reviewed by Beca. In light of community submissions and
external peer review comments, we have updated our recommendations, which are presented in this report.
The purpose of this report is to present the analysis undertaken to justify the recommended thresholds for
the hazard categories and to present the spatial extent of the resulting hazard zones for both coastal
inundation and erosion.

Council is initially proposing to use these mapped hazard areas for two purposes. The first is to support the
identification of Qualifying Matters in Plan Change 14 — Housing and Business Choice which is anticipated to
be notified in September 2022. The second is to support a Coastal Hazards Plan Change (plan change 12)
anticipated to be developed further in 2023. It is likely that these two plan changes would use different
subsets of the mapped hazard areas due to their different purposes with the later Coastal Hazards Plan
Change being likely to include a wider range of hazard areas.

The addendum report presents the updated approaches to the coastal hazards plan change technical advice
following the public submissions and peer review. It is specifically focused on providing an update to the
Jacobs (2021) report to support the mapped hazard extents used in the Plan Change 14 Coastal Hazard
Qualifying Matters.

It is noted that ongoing refinement of the methods may occur as a result of further developing the approach
to the Coastal Hazards Plan Change. This may result in changes to the mapped hazard areas developed by
using the approaches noted in this report.
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2. Consideration of NZSeaRise Data

This section is an addendum to section 5 of the Jacobs (2021) report. It discusses the sea level rise scenarios
selected in light of this more recent data on vertical land movement (VLM).

Data compiled by GNS and NIWA which considers the recent AR6 (2021) SLR projections and local VLM was
released in 2022 as part of the NZSeaRise programme. The data shows relative sea level rise projections at 2
km intervals along the entire New Zealand coastline. The VLM was able to be captured at high resolution
using INSAR - a satellite based technique which can measure ground deformation using radar images of the
earth’s surface.

For the NZSeaRise programme, information on VLM has been gathered from a relatively short 8-year period
from 2003-2011. This data capture period lacks inclusion of data from the post Christchurch Earthquake
Sequence (including instantaneous land movement in the earthquake sequence), which for some sites are
contrary to the results of the pre-quake INSAR analysis. Therefore, there is little confidence at this time of
including these rates to medium and long-term projections of sea level rise.

However, if the NZSeaRise data was to be included, it was considered that further analysis was required to
determine(a) how the spatial variation in VLM across the district would influence the magnitude of projected
SLR ; and (b) what the practical implications of that were on the mapping of hazards for planning purposes.

The NZSeaRise data shows that there is significant variation in the amount of vertical land movement that
occurs around the Christchurch and Banks Peninsula coastline, as shown in Figure 2-1. Across the total area,
the mean VLM is -1.508 mm/yr, with a maximum uplift of +1.917 mm/yr; and a maximum subsidence of -
4.010 mm/yr. The variation in VLM is broader over the Banks Peninsula coastline compared to the
Christchurch Metropolitan area, as can be seen in Figure 2-1, where the 50% of sites have VLM between -0.8
mm/yr to +0.225 mm/yr.

Summary of VLM in the Christchurch and Banks Peninsula District

e S

S pap e

Vertical Land Movement (mm/yr)

W Total Christchurch and Banks Peninsula District
B Christchurch Open Coast and Avon Heathcote Estuary

[E Banks Peninsula

Figure 2-1. Summary of Vertical Land Movements (VLM) in the Christchurch and Banks Peninsula District
from NZSeaRise.

Boxplots show the interquartile range (middle 50%) within the box, the line within the box is the median and the
whisker bars show the upper and lower quartiles. Outliers are shown as dots.
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When looking at the extreme VLMs in the Christchurch Open Coast/ Avon Heathcote Estuary, the implications
of incorporating the VLM data into the planning assessment can be summarised as:

= For maximum subsidence of -2.78 mm/yr (Site 4303), the selected 0.6 m SLR by 2080 is 0.06 m below
SSP5-8.5, and above the projection for SSP2-4.5. For 1.2 m SLR by 2130, the increment is below SSP5-
8.5 by 0.27 m, above SSP2-4.5, and within the SSP5-8.5 17th — 83rd Percentile range. The impact of
including VLM would:

- be negligible on the high flood risk category (0.6 m SLR by 2080) due to the little difference between
the increment and the SSP5-8.5 projection.

- Increase the extent of the low flood risk categories (1.2 m SLR by 2130) due to the 0.27 m difference
between the increment used and the SSP5-8.5 scenario.

- Have no impact on the erosion risk categories.

= For maximum uplift of +1.46 mm/yr (Site 4320), the selected 0.6 m SLR by 2080 is at the SSP5-8.5 83rd
percentile (essentially RCP8.5 H+), and is above SSP5-8.5 by 0.19 m. For 1.2 m SLR by 2130, the
increment is above the SSP5-8.5 by 0.2 m, but below the SSP5-8.5 83rd percentile. The impact of
including VLM would:

- Reduce the extent of the high and low flood risk categories due to the increment being higher than
the SSP5-8.5 projection.
- Have no impact on the erosion risk categories.

Therefore, due to the lack of confidence in the applicability of the short pre-quake data set used to predict
VLM, the difficulty of applying the spatial variations in VLM data on a district wide basis, and the negligible
impact on the extent of the proposed risk areas from including the VLM effect on SLR, particularly for high
risk areas, the inclusion of the VLM from NZSeaRise data is not justified for use in the plan change.
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3. Coastal Inundation Hazard Thresholds

This section is an addendum to Section 6 of the Jacobs (2021) report.

This section sets out our approach to developing appropriate thresholds for defining inundation hazards and
consequently our recommended approach to defining coastal flood risk.

An overall summary of the recommended approach is provided in Section 3.1.

A discussion of the reasoning behind this recommendation in light of submissions to an initial ‘Issues and
options discussion paper’ presenting the proposed method, are provided in Sections 3.2 to 3.3.

3.1 Summary of Recommended Approach

The main coastal processes which cause inundation are storm surge and wave setup, combined with the
astronomical tide and SLR. Inundation has the potential to result in loss of, or damage to, properties,
possessions, buildings, and infrastructure, and could cause injury to people or loss of life. The consequence of
inundation depends on the nature of the flooding — primarily the depth of water and speed of flow — and the
vulnerability of people and assets to flooding.

Land use planning seeks to limit these consequences through risk-based control of development under the
RMA. Several methods for mapping coastal inundation to inform planning decisions have been considered.
The purpose is to define a simple set of thresholds which

1. are consistent with the RMA requirements to consider only risks which are ‘reasonably foreseeable’ and
‘significant’ in effect

2. can be applied to the ‘bathtub’ inundation depth outputs of the 2021 Coastal Hazard Assessment for
Christchurch District (‘the CHA).

The methods take into account three main factors which define flood risk:

- likelihood of flooding
- consequence of flooding
- change in likelihood and consequence in the future with SLR

The recommended method for defining flood risk takes account of these factors and is set out in Table 3-1.
Four categories of flood risk, defined by thresholds of water depth, are proposed.

Table 3-1. Recommended definitions for coastal flood risk mapping using the CHA inundation depth data
(d = water depth from the CHA for 0.2% annual exceedance probability)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None  (dry) Low (d<04m)

Low Low (d<04m) Medium (0.4 m<d<1.0m)
Medium Medium (0.4 m<d<1.0m) High (d>1.0m)

High High (d>1.0m) High (d>16m)

The definitions in Table 3-1 have been applied to the CHA inundation depth data to produce a map showing
the proposed four coastal flood risk categories along the entire coastline of the district. The CHA inundation
maps also include the shorelines of Te Waihora (Lake Ellesmere) and Wairewa (Lake Forsyth). However, we
have excluded these sites from our risk based coastal mapping because flooding from the lakes is not
significantly influenced by coastal conditions, i.e., storm surge, waves, and sea level rise, for the range of
scenarios we have adopted.

Figure 3-1 below shows an example extract of the map in the area around the Avon-Heathcote estuary.

Section 3.2 summarises the outcome of consultation on the proposed method and Sections 3.3 and 3.4
presents the recommended definitions of risk and the method we have used to map these areas.
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As noted, the bathtub method used in the CHA to calculate flood depths does not take account of the
hydrodynamic behaviour of inundation or the contribution to coastal inundation from coincident rainfall and
river flow.

In the CHA data provided for our assessment, land lying below the Mean High Water Springs (MHWS) tide
level was excluded for presentation purposes in order to differentiate areas which are regularly inundated
without any storm tide effects. These areas are generally located within the river estuaries and along the
shoreline of the sea. However, along the Styx River there are some areas of very low-lying land outside of the
river channel and lagoons which have also been excluded. This means that the flood risk cannot be fully
mapped using the data provided. In these areas we have directly mapped the risk areas using LiDAR ground
level data and the coastal water level in order to capture all the land at risk of flooding. This masking has
been removed from the low-lying land around the Styx River for the final CHA outputs.

In Section 6.5 of Jacobs (2021) we discuss the implications of the limitations in the bathtub method, data
uncertainties, application of freeboard and thresholds for ‘nuisance flooding’ in more detail.

Maps of the recommended risk categories are available in a CCC webviewer and have been provided to CCC as
a digital spatial layer.
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Very Low Risk
B Low Risk

B Medium Risk
I 1igh Risk

Figure 3-1. Coastal flood risk categories mapped using the CHA inundation data and recommended
definitions of flood risk using the 0.2%/0.5% AEP approach (example extract of mapping for the district)
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3.2 Review of proposed Coastal Hazards Plan Change method in Jacobs
(2021)

The proposed method and thresholds set out in Sections 6.5 and 6.6 of Jacobs (2021) were presented in an
Issues and Options Discussion Paper by Christchurch City Council in 2021 to support the Coastal Hazards
District Plan Change.

We have considered the submissions received on this paper and the proposed Jacobs (2021) risk-based
method to identify whether there are benefits in adapting the method in response to the submissions. We
have also reviewed the compatibility of the proposed method with existing flood hazard mapping and
planning approaches across coastal, fluvial and pluvial sources, including provisions and the thresholds for
the levels of risk, to identify and resolve any differences in approach. In light of this review changes to the
Jacobs (2021) method are proposed as outlined in Section 3.3.

3.21 Definitions of risk and hazard

The submissions generally support a risk-based approach —i.e., a planning framework where areas in which
the flood hazard is less severe, or the hazard occurs only further in the future or is less certain to occur are
classified as at a lower risk and activities are less restricted than areas where the hazard is higher or more
immediate or more certain.

The submissions, and our review of the existing flood hazard overlays, identify the main differences in the
Jacobs (2021) proposed risk-based approach in the coastal area and the existing overlays as being:

= that the existing overlays do not differentiate the differences in risk due to the timing of or uncertainty in
sea level rise or differentiate hazard beyond a ‘high hazard’ area;

= that the likelihood of flooding used for mapping the existing overlays (0.5% and 0.2% AEP) differs from
that in the Jacobs (2021) proposed risk-based approach (1% AEP);

= that the threshold values of water depth used to define the severity of hazard in the existing overlays (1
m for high hazard) differs to those in the proposed Jacobs (2021) risk-based approach (1.1 m for high
hazard and 0.5 m for medium hazard).

In the submissions, consistency of approach between the coastal area and other areas is identified as
important. The likelihoods of flooding (0.2% AEP)and high hazard (>1m) depth threshold which are currently
adopted in the District Plan are consistent with the definitions of the Canterbury Regional Policy Statement
(CRPS). The proposed risk-based approach can be adapted to align with current definitions in the District Plan
and CRPS.

Submissions also highlight the need to consider all sources of flooding in the coastal zone, not just flooding
from the sea. The 2021 CHA data does not address sources other than storm tides and groundwater. We have
reviewed the CHA groundwater hazard outputs and do not consider the data appropriate for use with the
bathtub coastal flooding data to take account of combined hazard.

3.2.2 Method of deriving the flood extent

Risk-based flood mapping of the entire coastal area of the district is needed for the Coastal Hazards Plan
Change. New hydrodynamic modelling which is currently in progress will provide more detailed definitions of
flood extents, depths and velocities, including within the coastal area, using up to date estimates of extreme
tidal water levels. The model outputs will generally be used to update flood hazard overlays in the district and
could be used as the basis for applying a risk-based approach in the coastal area. However, the model outputs
will not cover the whole district.

The proposed approach will allow mapping of coastal risk over the whole coastal area within the timescale of
the Coastal Hazards Plan Change. Adopting multi-hazard modelling of flooding in the coastal area when and
where it becomes available should improve the level of detail in the mapping and will help to address those
submissions expressing the need to consider all sources of flooding in the coastal area, even if this is
dominated by flooding from the sea. If a risk-based approach is to be taken for the coastal area, then ideally
the method for defining flood risk should be applicable to both the 2021 CHA bathtub data and future model
outputs.
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3.2.3 Sea level rise

The proposed method uses two values of sea level rise to allow the level of risk to reflect both the severity of
the hazard and the certainty in or timing of the hazard occurring. This approach is supported by submissions
expressing the need for greater weight to be placed on hazards which are more likely to occur and to occur
soon, under lower values of sea level rise, over those which are less certain to occur and will occur further in
the future, under higher values of sea level rise.

We consider the proposed upper value of sea level rise of 1.2 m to be appropriate and is consistent with our
erosion risk assessment. This value is higher than the current District Plan allowance (1 m), but we consider
this is justified. It is not clear if the current allowance for flood hazard in the District Plan will be reviewed.

3.24 Freeboard

There can be value in including an allowance for the effects of uncertainty in flood levels, ground levels and
flooding mechanisms on the extent of the risk area by applying a freeboard to mapped water levels. The
freeboard currently applied for mapping the Flood Management Area (250 mm as outlined in Policy
5.2.2.2.1.a.i of the District Plan) covers the likely combined uncertainties in storm tide level and LiDAR
ground level data.

The benefit of applying freeboard to the mapped flood risk areas under a risk-based approach is considered
further in Section 3.3.1.

3.25 Shallow flooding

It is not clear if or how areas of shallow flooding (e.g., water depth less than 50 mm or 100 mm) are excluded
from the existing overlays in the District Plan. We do not see a need to exclude areas of shallow flooding
under the risk-based approach since the depth of flooding (hazard) is one of the factors considered in
defining the risk level.

3.3 Recommended definitions of inundation risk

3.31 Definitions of risk and freeboard

For consistency with the definitions in the current District Plan overlays, we recommend mapping the
proposed coastal flood management area as the extent of the 0.5% AEP coastal water level.

We recommend using the two proposed SLR values of 0.6 m and 1.2 m to define a higher level of risk in areas
where a hazard may occur sooner, in a more certain SLR scenario (0.6 m), than in areas where the same
hazard is as likely to occur only further in the future, in a less certain SLR scenario (1.2 m). The overall extent
of the flood management area is defined using the lower certainty SLR scenario (1.2 m) in recognition of the
need to consider the significant consequences that could arise in less certain events.

For consistency with the Canterbury Regional Policy Statement (CRPS) definitions of hazard we recommend
using:

i) water depths under the 0.2% AEP coastal water level to define the severity of flood hazard; and

i) a water depth of 1 m to define ‘*high’ hazard.

The threshold water depth of 1 m for ‘high hazard’ is slightly lower than both the value we proposed (1.1 m)
and the H4 hazard vulnerability threshold depth for people and vehicles (1.2 m) in still water under the AR&R
guidelines. Adopting a limiting depth of 1 m allows for the additional hazard of a water velocity of up to 0.6
m/s under these guidelines (refer to Figure 6.5 in Jacobs (2021)).

We also recommend adjusting the depth threshold for ‘medium’ hazard to 0.4 m so that the difference in
hazard thresholds aligns with the difference in SLR values (0.6 m). This threshold is slightly lower than the
value we proposed (0.5 m), which corresponded to the H3 hazard vulnerability threshold depth for large 4WD
vehicles in still water and for velocities up to 1.2 m/s. A depth of 0.4 m corresponds to the vulnerability
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threshold for larger passenger vehicles in still water and for velocities up to 1.1 m/s. This depth also allows
for the additional hazard of velocities up to 1.5 m/s for large 4WD vehicles.

The recommended definitions of coastal flood risk are shown in Table 3-2 and illustrated diagrammatically in
Figure 3-2.

Table 3-2. Recommended definitions for coastal flood risk mapping using the CHA inundation depth data
(d = water depth from the CHA for 0.2% annual exceedance probability)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None  (dry) Low (d<04m)
Low Low (d<04m) Medium (0.4 m<d<1.0m)
Medium Medium (0.4 m<d<1.0m) High (d>1.0m)
High High (d>1.0m) High (d>16m)
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Figure 3-2. Recommended definitions of coastal flood risk.

The coastal flood management area is defined by the 0.5% AEP coastal water level with 1.2 m of sea level rise
(SLR). Flood hazards are defined by the water depth under the 0.2% AEP coastal water level. Flood risk is defined
by the combination of hazard (water depth) and the certainty in and timing of sea level rise.

The recommended definitions do not include a ‘freeboard’ to the water levels used to define hazard or the
overall extent of the flood management area. This is consistent with the CRPS method of defining severity of
hazard which does not include a freeboard allowance.

As shown in Section 3.3.2 the difference between 0.5% and 0.2% AEP water levels is no greater than 0.1 min
all but one of the CHA coastal areas and, overall, does not exceed 0.2 m. These differences in water levels are
less than the value of freeboard that would typically be applied — e.g., 0.25 m on the 0.5% AEP water level as
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per the current District Plan overlays (Policy 5.2.2.2.1.a.i). Therefore, the additional area which would be
mapped through the addition of a freeboard to the 0.5% AEP water level would be largely dry in the 0.2%
AEP event with 1.2 m SLR scenario — which we use to define risk — with any water depths being less than 0.1 m
to 0.2 m. As shown in Table 3-2 and Figure 3-2 this would correspond to a risk level less than ‘very low’ in
most of the additional area mapped, noting that under the AR&R guidelines a still water depth of less than
0.3 miis classified as ‘generally safe for vehicles, people and buildings'.

3.32 Derivation of coastal water levels

Estimates of the 0.5% AEP and 0.2% AEP coastal water levels are needed to map the flood risk management
area and the flood risk categories as defined in Figure 3-2. The 2021 CHA does not generally report water
levels for probabilities less than 1% AEP. The method used to derive the static water levels varies between the
three types of inundation sites — open coast, harbours and estuaries, and regional hazard screening sites. For
consistency with the CHA, we have derived water levels for each of the same coastal sites defined in the CHA,
using the same methodology where the necessary source data are available and/or by extrapolating values
from the CHA data where required.

It is acknowledged that by using different methods in the three groups of inundation sites there may be
differing uncertainties and levels of confidence in the data. The uncertainties are also a result of the range of
historical data available in each area relative to the small probabilities of the water levels required for
mapping. Alternative methods of analysis using the same data may not therefore necessarily reduce the
uncertainty in the estimated water levels.

= Open coast sites: Christchurch, Sumner, Taylors Mistake

In these areas the static water levels were derived in the CHA from a statistical analysis (‘extreme value
analysis’) of a synthetic time series of historical tidal water level and wave setup. Figure 3-3 shows an
example of the outputs of the extreme value analysis for one of the sites. It would be possible to obtain
estimates of the 0.5% and 0.2% AEP water levels from the results of the analysis already undertaken - for
example, the red circle in Figure 3-3 indicates the 0.5% AEP water level (2.4 m NZVD2016) in this cell.
However, since the full results of the analyses are not available, we have estimated the required water levels
by fitting a trendline to the reported values of the 1-year, 10-year and 100-year Average Recurrence Interval
(ARI) water levels and using this to extrapolate the required values.

Figure 3-3 shows that the uncertainty in the water levels estimated through the CHA analysis, as indicated by
the 90% confidence interval (*90% CI’) lines, tends to increase with the value of ARI. The 90% confidence
interval for the 1% AEP water level adopted in the CHA is approximately +/- 0.25 m. For the 0.5% AEP water
level the corresponding confidence interval is a little larger, approximately +/- 0.30 m. The uncertainty in the
estimates of the water levels proposed for mapping the coastal flood risk areas is therefore a little greater
than that in the water levels adopted for mapping in the CHA but this is largely due to the inherent increase in
uncertainty in estimating smaller probability water levels. Alternative methods are unlikely to significantly
reduce the uncertainty in these estimates if using the same historical data.

N
el

O  Observed
e \N eibUI
---------- 90% CI: Data

N
(&)
T

N
~

N
N

N

-
oo

Extreme static water level (m NZVD2016)

N
(o))

5 10 20 50 100
Average Recurrence Interval (years)

I1S417100-NP-RPT-0003 Addendum Report to Risk Based Coastal Hazard Analysis for Land-use Planning Report 17



Addendum Report to Risk Based Coastal Hazard Analysis for Land-use Planning
Report

Figure 3-3. Example of extreme value analysis of static water level for open coast cells (Christchurch open
coast cell) (Figure 7-6 of the 2021 CHA Technical Report).

Red circle indicates the 0.5% AEP water level.

The water levels for the three open coast sites are provided in Table 8.1 of the CHA Technical Report. Since
the reported water levels for each ARI are the same at all three sites, we have used a single set of water levels
to estimate the 0.5% and 0.2% AEP water levels for all three sites.

The CHA water levels, and our corresponding estimated water levels are compared in Table 3-3. The water
levels and fitted trendline are plotted in Figure 3-4.

Table 3-3. Estimates of the 0.5% and 0.2% AEP coastal water levels at open coast sites.
ARI (AEP) Water level reported in Table Water level estimated from trendline to CHA data

8.1 of CHA Technical Report  (see Figure 6.22) for risk-based coastal
(m NzvD2016) inundation mapping (m NZVD2106)

1-year (63%) 18

2.8

O CHA Data Points
2.7

X  Fitted estimated Water Levels (1 DP)

26 e Trendline for CHA data points

25 X

” o
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2.2
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Water level (mMNZVD2016)
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Figure 3-4. Estimates of 0.5% and 0.2% AEP (200-year and 500-year ARI) water levels using a trendline
fitted to the CHA water levels for the 1-year, 10-year and 100-year ARI water levels for the open coast sites
(Table 8.1 of the CHA Technical Report).
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= Harbour and estuary sites: Avon-Heathcote, Akaroa, Lyttelton, Brooklands Lagoon

In these cells the static water levels were derived in the CHA using a statistical ‘extreme value analysis’ of
water level records at gauges in the estuaries and harbours undertaken by GHD?. An estimate of the 1% AEP
wave setup height at each site (Table 7.4 of the CHA Technical Report) was added to the extreme values for
each probability considered in the CHA.

The GHD report includes values for the 0.5% and 0.2% AEP water levels at the gauges. We have used these
water levels together with the wave setup values derived in the CHA to provide estimates of coastal water
levels for these cells as shown in Table 3-4. For the Akaroa harbour site, we have used the method reported
in the CHA Technical Report (Section 7.2.1) and used the extreme values derived for the Lyttelton gauge
combined with an offset of +0.24 m to allow for the difference in astronomical tide levels between the two
sites.

Table 3-4. Estimates of the 0.5% and 0.2% AEP coastal water levels at harbour and estuary sites.

CHA site Gauge GHD extreme Conversion Conversion CHA Total coastal
location®  values® CDD to Lyttelton Wave  water level

Lyttelton 1937 to setup®
Gueie) 1937 NzvD2016 (m)  (mNZVD2016)

datum® datum®
0.5% 0.2% 0.5% 0.2%

AEP AEP ) ) AEP | AEP

Brooklands 11.294
Lagoon

11.373 1.9 2.0

Avon- Bridge 11.265 11.359 -9.043 -0.346 0.15 2.0 2.1
Heathcote Street
north

Avon- Ferrymead 11.141 11.217 -9.043 -0.341 0.15 1.9 2.0
Heathcote

south

Lyttelton Lyttelton 11.057 11.110 -9.043 -0.394 0.25 1.9 1.9

Akaroa Lyttelton 11.297 11.350 -9.043 -0.365 0.25 21 22
(+0.24m

offset as

per CHA)

(MTable 5 of Christchurch City Council LDRPO97 Multi-Hazard Baseline Modelling, Joint Risks of Pluvial and Tidal Flooding, Rev
0 (GHD, February 2021); @ waterways, Wetlands and Drainage Guide - Part B: Design, Appendix | (Christchurch City Council,

December 2011); ® LINZ LTN37-NZVD2016 grid (https.//data.linz.govt.nz/layer/53432-lyttelton-1937-to-nzvd2016-
conversion/); ®Table 7.4 of CHA Technical Report.

= Regional hazard screening sites: Banks Peninsula, Kaitorete Spit, Te Waihora (Lake Ellesmere), Wairewa
(Lake Forsyth)

For the coastal regional hazard screening sites at Banks Peninsula and Kaitorete Spit, the static water levels

were derived in the CHA using the GHD extreme values for the Sumner gauge and estimates of the individual
wave setup at each site for each probability considered. No correction is applied to the extreme values at the
Sumner gauge for the difference in site locations since the astronomical tide levels at all sites are reported to

2 Christchurch City Council LDRP097 Multi-Hazard Baseline Modelling, Joint Risks of Pluvial and Tidal Flooding, Rev O (GHD, February
2021)

I1S417100-NP-RPT-0003 Addendum Report to Risk Based Coastal Hazard Analysis for Land-use Planning Report 19


https://data.linz.govt.nz/layer/53432-lyttelton-1937-to-nzvd2016-conversion/
https://data.linz.govt.nz/layer/53432-lyttelton-1937-to-nzvd2016-conversion/

Addendum Report to Risk Based Coastal Hazard Analysis for Land-use Planning
Report

be similar. The wave setup values were calculated by applying an empirical formula to extreme values of wave
heights derived from a statistical analysis of hindcast wave time series records at these sites.

The GHD report includes values for the 0.5% and 0.2% AEP water levels at Sumner, both including and
excluding the contributions of far infra-gravity (FIG) waves. The water levels quoted in Table 7.5 of the CHA
for Banks Peninsula and Kaitorete Spit correspond to those in the GHD report for Sumner including the
effects of FIG waves and we have therefore also adopted values for the 0.5% and 0.2% AEP which include FIG
effects.

It would be possible to obtain estimates of the 0.5% and 0.2% AEP significant wave heights from the results
of the analysis already undertaken for the CHA and hence estimate the corresponding wave setup values
using the same empirical method. However, although the significant wave heights and corresponding wave
setup values for the 1-year, 10-year and 100-year ARI are reported in the CHA (Tables 2.8 and 7.6 of the CHA
Technical Report), full results of the analyses are not available. We have therefore estimated the required
wave setup by fitting a trendline to the reported values of the 1-year, 10-year and 100-year ARl wave setup
values and used this to extrapolate the required values as shown in Table 3-5 and Figure 3-5. We have then
added the estimated wave setup values to the GHD extreme water levels at Sumner (including FIG wave
allowance) to obtain the total water levels for the 0.5% and 0.2% AEP as shown in Table 3-6.

Table 3-5. Estimates of the 0.5% and 0.2% AEP wave setup at coastal regional hazard screening sites.

ARI (AEP) Wave setup reported in Table 7.6 of CHA Wave setup estimated from trendline

Technical Report (m) to CHA data (Figure 3-4) for risk-based
coastal inundation mapping (m)

Banks Peninsula Banks Kaitorete Banks Banks Kaitorete
- North Peninsula - Spit Peninsula-  Peninsula - Spit
South North South
1-year (63%) 0.84 1.54 1.24 0.85 155 1.24
10-year (10%) 0.96 1.84 1.35 0.94 1.81 1.36
100-year (1%) 1.02 2.08 15 1.03 210 1.49
200-year (0.5%) n/a n/a n/a 1.06 2.20 1.54
500-year (0.2%) n/a n/a n/a 1.11 2.33 1.60
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Figure 3-5. Estimates of 0.5% and 0.2% AEP (200-year and 500-year ARI) wave setup using a trendline
fitted to the CHA estimates of the 1-year, 10-year and 100-year ARI wave setup for the coastal regional

hazard screening sites (Table 7.6 of the CHA Technical Report).

Table 3-6. Estimates of the 0.5% and 0.2% AEP static water levels at coastal regional hazard screening
sites.

CHA site Total coastal

water level

Estimated
wave setup

Conversion Conversion
CDD to Lyttelton

GHD extreme
values®

Gauge
location®

Lyttelton
1937
datum®

(m CDD)

05% | 0.2% (m)

1937 to
NzVD2016
datum® (m)

(Figure 3-4)
(mNZVD2016)

(m) 0.2% | 0.5%

AEP AEP AEP | AEP

Banks Sumner 11.289 11.374 -9.043 -0.388 106 111 2.9 3.0
RENINSIER incl. FIG

- North

Banks Sumner 11.289 11.374 -9.043 -0.388 220 233 4.1 4.3
RENIRESYIEN incl. FIG

- South

(ENGI:IM Sumner 11.289 11.374 -9.043 -0.388 154 1.60 34 35
Spit incl. FIG

(MTable 5 of Christchurch City Council LDRPO97 Multi-Hazard Baseline Modelling, Joint Risks of Pluvial and Tidal Flooding, Rev
0 (GHD, February 2021); @ waterways, Wetlands and Drainage Guide - Part B: Design, Appendix | (Christchurch City Council,
December 2011); ® LINZ LTN37-NZVD2016 grid (https.//data.linz.govt.nz/layer/53432-Iyttelton-1937-to-nzvd2016-
conversion/)

= Summary

The coastal water levels we have used for the risk-based coastal inundation maps are summarised in Table 3-
7.
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Table 3-7. Estimates of the 0.5% and 0.2% AEP static water levels at each of the CHA sites included in the
risk-based coastal inundation maps.

CHA Site Static coastal water level for risk-based mapping (m
NZVvD2016)
0.5% AEP 0.2% AEP
Open Christchurch Open Coast 24 25
coast
Sumner 24 25
Taylor's Mistake 24 25
pETgefoli[g Brooklands Lagoon 1.9 20
& estuary
Avon-Heathcote north 20 21
Avon-Heathcote south 1.9 20
Lyttelton 19 19
Akaroa 21 22
REIEIMM Banks Peninsula - North 29 3.0
hazard
Se=Clallals@ Banks Peninsula - South 4.1 4.3
Kaitorete Spit 3.4 35

34 Mapping of risk layers

341 Ground data

For consistency, we have used the water depth grids prepared for the CHA *bathtub’ coastal inundation maps
to map the risk categories defined by the water levels in Table 3-7 and the depth classes in Table 3-1 for all
CHA sites except the two lake sites (Te Waihora and Wairewa) and Brooklands Lagoon. These depth grids
have a spatial resolution of 1 m.

We have excluded the lake sites from our mapping because flooding from the lakes is not significantly
influenced by coastal conditions — storm surge, waves, and sea level rise.

In the bathtub depth grids originally provided from the CHA, large areas of Brooklands Lagoon were excluded
from the grid where ground levels are lower than present day astronomical tide levels and are therefore
potentially regularly submerged. To capture all the land at risk of flooding we have directly mapped the risk
areas at this site using LiDAR ground level data® at 1m spatial resolution and the estimated coastal water
level.

For all sites our mapping is limited to the inland limit of coastal inundation boundary defined in the CHA.

8 Canterbury - Christchurch and Ashley River LIDAR 1m DEM (2018-2019), Environment Canterbury/Land Information New Zealand
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34.2 Smoothing
We have smoothed the resulting boundaries of each flood risk area using ArcGIS Pro v2.8.1.

The raw flood risk area polygons have been smoothed with the ‘Smooth Polygon’ tool. The PAEK (Polynomial
Approximation Exponential Kernel) algorithm has been used with a tolerance of 2 (twice the cell-size of the
original dataset). This is a different algorithm than previously used by Christchurch City Council for the
existing District Plan flood extents, but the results of the smoothing are quite comparable and retain a similar
appearance.

A key part of the Council’s smoothing methodology was to ensure that no new parcels were inundated due to
the smoothing approach. To ensure this the Council have applied a small negative buffer to shrink the final
smoothed inundated area. Because the flood risk areas contain four separate classes, we could not directly
apply a negative buffer, as this would introduce gaps between the classes.

Our approach to ensuring that no new parcels have been inundated due to the smoothing is a refinement of
this method. We have dissolved the flood risk area data and created a smoothed output of just the extent. We
have then applied a negative buffer to this smoothed extent and used this buffered extent to clip the original
smoothed polygons. This approach has ensured no new parcels are inundated without creating gaps between
the classes and retaining a similar appearance to the Council’s existing District Plan flood extents.

\. ‘

Figure 3-6. Comparison of the raw flood risk polygons on the left, and the smoothed result on the right.
The original raw extent is shown in grey to illustrate that the smoothed result does not cross over it.
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4. Coastal Erosion Hazard Thresholds

This section is an update to Section 7 of the Jacobs (2021) report. It has been updated to reflect updates and
modifications based on submissions and peer review comments.

4.1 Summary of Erosion Recommendations

Based on the different coastal morphologies within the Christchurch district and the various assessment
methods applied by T+T in different areas, the following are the recommended thresholds from the T+T data
for determining coastal erosion hazard zones:

1) For the Christchurch City urban area open coast; two erosion zones compromising of
a) A High Hazard Coastal Erosion Zone covering the current beach- primary dune width, and

b) Where required, a Low Hazard Coastal Erosion Zone to a lowland limit defined by the 10%
probability erosion distance with 1.2 m SLR by 2130 and an additional area required for “future dune
resilience factor”.

2) For the Avon-Heathcote Estuary; two erosion zones comprising of

a) A High-Medium Hazard Coastal Erosion Zone defined by a consistent generic width of 20 m
across all cells to be equal to the largest ASCE in any cell for the 66% probability erosion distance
with 0.6 m SLR by 2080

b) A Low Hazard Coastal Erosion Zone defined by a generic additional width of 20 m across all
cells to be equal to the largest ASCE in any cell for the 10% probability erosion distance with 1.2 m
SLR by 2130.

3) For the beaches and bays of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single
High-Medium Banks Peninsula Bays Coastal Erosion Hazard Zone, with the landward limit defined for:

a) Probabilistic assessment cells, as the 10% probability of erosion distance for 1.2 m SLR by
2130, and
b) Deterministic assessment cells, the limit of the ASCE from the 1.5 m SLR by 2130 scenario,

which has an assumed probability of 1-5%.

4) For the coastal cliffs of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single High-
Medium Banks Peninsula Cliff Erosion Zone of 20-30 m width as defined by the generic T+T cliff
erosion setback

5) For assessment cells along the southern shore of the Avon-Heathcote estuary, Sumner Beach,
Lyttelton Port and Akaroa township where there are land reclamation and substantial hard protection
structures; a single High Hazard Coastal Erosion Zone hazard zone with a generic width in the order of
20 m based on the short-term erosion response if these reclamation and protection structures failed.

The following provides the discussion and justifications behind these recommended addendums to the
Jacobs (2021) report.

411 Critical thinking

As an addendum to point 5 of Section 7.2 “critical thinking” of the Jacobs (2021) report the following
additional commentary on a “dune resilience factor” has been provided.

In addition to the need to protect the current open coast beach environments, there may also be a need to
provide an additional width within erosion set-back zones for future dune resilience to hazards. For example,
once the ASCE positions reach beyond the current beach/bank position they do not include any consideration
for the distance required to have a resilient dune or beach ridge environment, or stable bank slope. The
absence of these natural hazard protection environments would result in an increase in the consequences of
erosion in storm events and an increase in the frequency, extent, magnitude and consequence of inundation
events, or result in the need for more engineered protected structures. In more layman terms this means
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allowing within district planning zones not only for where the erosion of the seaward dune edge may be
predicted to reach by the chosen scenario/threshold combination, but also allowing for the dune systems to
also move inland as the front of these features erode so that they can still provide the same level of erosion
protection. Hence the outcome may be mapped hazard areas and district planning controls further inland
from the T+T mapped erosion extents. This additional factor has been termed the ‘dune resilience factor’.

4.2 Christchurch City open coast (T+T Cells 1-14)

This section is an addendum to Section 7.3.1 of the Jacobs (2021) report, specifically the section titled
“Christchurch City open coast (T+ Cells 1-14).

Figure 4-1 shows examples on how the high, medium, and low hazard zones would look at North Brighton
and Southshore from applying the possible threshold options under the preferred approach in Jacobs (2021).
Maps of the preferred approach has been provided to CCC as a spatial layer.

421 High Hazard Zone

As can be seen from Figure 4-1, the options for high and medium hazard categories are largely within the
existing dune environment. This outcome is consistent along the whole of the Christchurch open coast, with
the only locations where this doesn’t occur being where the dunes have been removed at North Brighton and
New Brighton. A similar result was obtained from the alternative approach.

It is therefore considered that to ensure that the full natural protection ability of the dune system against
coastal hazards is not compromised, the High Hazard Zone include all or at least some component of the
whole beach-dune width as a ‘dune resilience factor’, and a Medium Hazard Zone is not required.

There are two options for determining what component of the ‘whole beach-primary dune’ environment is
included in the high hazard zone:

a) Inclusion of the primary dune only for hazard protection purposes; or

b) Inclusion of the whole of the total dune system, including primary and secondary dunes, up to where
infrastructure starts to interact with the back of the dune, or where there is an obvious change in the
vegetation type.

When assessing these two options against one another, it is clear that in some areas when using the whole of
the dune system as the high hazard zone (e.g. option b) the width exceeds what is required for coastal hazard
protection reasons. The primary dune has sufficient width to protect the integrity of the natural coastal dune
system against activities that could reduce its ability to act as an effective buffer against erosion and
inundation hazards, and to be consistent with the requirements of Policy 26 of the NZCPS. This approach is
also consistent with Coastal Erosion Hazard Zone 1 in both the RPS and the RCEP. Protection of these areas
beyond the primary dune are generally protected more appropriately through other planning mechanisms
such as natural character and landscape controls.

It is therefore recommended that the high hazard zone be defined as a smoothed width of the primary
dune environment.

The primary dune area is defined by the physical primary dune extent in 2018/2019 LiDAR. The landward
extent was mapped in detail by analysing the change in backshore slope behind the dune. LiDAR was
reclassified into 1 m elevation intervals, and where there was a flattening or reversal of the slope (which
generally occurred around 3 m contour NZVD2016) this was determined to be the landward boundary of the
primary dune.
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Figure 4-1. Possible options for High, Medium and Low Coastal Erosion Hazard Categories at North

Brighton (left) and Southshore (right). Not recommended due to High and Medium zones being within the
beach system

Where the dune system was not confined by roads, the primary dune was defined using this technique, as
shown in the left example in Figure 4-2. Where the dune system was confined by roads, (e.g., Marine Parade)
and the landward limit of the primary dune from the above technique was close to the position of the road,
the extent of the dune system has been mapped up to the road edge. Where the primary dune has been
removed for buildings (e.g., North New Brighton, New Brighton, South Brighton Surf Club) the landward
boundary was extrapolated along the edge of Marine Parade.
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For planning purposes, the mapped landward primary dune extent has been smoothed to removed local
anomalies in the landward edge of the primary dune system, as shown in Figure 4-3. Further consideration of
how the primary dune is defined and smoothed will be considered as part of the Coastal Hazards Plan
Change.

Inland extent of
primary dune with
infrastructure

Inland extent of
primary dune

Figure 4-2. Example of reclassified lidar showing location of back of dune for dune system no confined by
infrastructure (left) and confined by infrastructure (right).

When compared to the T&T (2021) CHA 0.6 m SLR by 2080 coastal erosion line of the seaward edge of the
dune, the mapping of the current primary dune extent provides a sufficient buffer to still have at least some
dune remaining if a 100 year ARI storm event as defined by the CHA occurred following the shoreline retreat
to the 2080 position seaward dune edge.

It is noted that this beach/primary dune width approach to the High Hazard zone removes the issue with
inconsistent zone boundaries across the assessment cell boundaries as shown at South Brighton Spit in the
right pane in Figure 4-2.
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Inland extent of
primary dune
(detailed)

Figure 4-3. Example of area where smoothing has been undertaken along the landward extent of the dune.

The defined high hazard zone at the end of the Southshore spit is not related to the T&T (2021) CHA erosion
lines or the existing primary dune extent. The T&T CHA (2021) coastal erosion lines assume that the current
distal tip of the spit will be stable into the future. However, this is a dynamic environment where as recently as
1948 (74 years ago) the shoreline was located at the end of Rocking Horse Road (Figure 4-4). This extreme
northward retreat of the spit occurred even after long periods of being at a more southern position (e.g.,
1849, 99 years earlier). In these dynamic environments of sand spits at river mouths, we should anticipate
that if the shoreline has been located there before, there is a high likelihood that it could retreat to there in
the future, and therefore development and activity should be restricted across this reserve area.

As shown in Figure 4-5, the resulting high hazard zone at the Southshore Spit runs along the reserve
boundary at the end of Rocking Horse Road to join the open coast primary dune area and the high hazard
zone around the Avon Heathcote Estuary.
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Figure 4-4. Morphological changes to the Southshore Spit from 1849-1950 (Kirk and Todd, 1994%).

4 Kirk, R.M., and Todd, Derek, 1994, "Coastal Hazards", in Canterbury Regional Council (ed) Natural Hazards in Canterbury, Report 94(19),
Christchurch, Canterbury Regional Council, pp 33-51
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Figure 4-5. High hazard area at distal tip of Southshore Spit.

4.2.2 Low Hazard Zone

For the Low Hazard zone, Figure 4-1 suggests that spatially the 33% probability with 1.5 m SLR by 2150
provides a more appropriate zone width for land use planning, however as stated in Section 7.3.1 of Jacobs
(2021) this scenario is conservative and it is more uncertain whether this magnitude of SLR will occur within a
reasonable timeframe for land-use planning.

Therefore the 10% probability with 1.2 m SLR by 2130 is considered a more appropriate landward
boundary for the Low Hazard Zone and has a higher degree of consistency with the maximum scenario
from the deterministic assessment.

The position of the recommended Low Hazard boundary based directly on the position of 10% probability
with 1.2 m SLR by 2130 from the T+T data is shown in Figure 4-1. As can be seem from the right pane in
Figure 4-1 (Southshore), there are locations where this recommended Low Hazard Category is also totally
contained within the current dune system that would be zoned as High Hazard Coastal Erosion, in which
case it is recommended that no Low Hazard Coastal Erosion Zone is required.

However, it is noted that where the 1.2 m SLR by 2130 erosion line falls close to or landward of the high
hazard zone, this represents a future shoreline where the entire primary dune system has been eroded as the
erosion line produced by T+T represents the dune toe, not the back of the dune. If the dune was to erode back
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to this position, the risk profile in the area will increase due to the loss of hazard protection provided for by
the dunes to both inundation and erosion. Therefore, it is recommended that the low hazard zone should
include an allowance for dune migration in order for the dune system be maintained in the future to
provide resilience to coastal hazards. This additional factor is termed the ‘dune resilience factor’ and
should be offset from the 1.2 m SLR by 2130 erosion line. The purpose of applying this additional dune
width is to ensure that there is sufficient dune form to provide hazard protection should a large storm with a
return period of around 100 years occur following the end of the planning timeframe.

The dune resilience factor has been defined using the T&T (2021) CHA data for the open coast ‘short term’
(ST) and ‘dune stability’ (DS) factors. These two factors take into account the erosion which would occur ina 1
in 100 year storm event on the open coast. While these factors are included in the calculation of the CHA
coastal erosion lines, the mapped T&T (2021) line shows where the seaward toe of the dune would be
following such an event, with no consideration on whether there is sufficient dune to provide protection
following the event. Due to the very high degree of dune vegetation cover, the landward toe of the primary
dune is essentially locked in position and does not migrate with erosion of the front of the dune, resulting in
long-term reduction in dune widths and ability to act as an effective buffer against coastal hazards. Failure to
provide for this could result in the dune being totally breached in such an extreme storm event, leading to
coastal inundation in areas not mapped for this to occur, and making it very difficult for natural dune
rehabilitation to occur following the event. So, the intention of the dune resilience factor is to ensure that an
additional dune area continues to exist following such a large event. Therefore, providing the possibility that
the dune environment could still effectively provide a hazard protection function for the land behind, as well
as provide an environment for the dune to recover and rebuild following the storm event.

The CHA shows that there is longshore variation in the ST and DS factors, with there being higher projected
storm cuts at the southern end of the spit, and lower projected storm cuts at the northern end. The resulting
dune resilience factor has been averaged across similar cell responses, as is seen below in Table 4-1. At the
northern end of the open coast (cells 1-4) the dune resilience is calculated to be 25 m; through the central
area (cells 5-13) the dune resilience factor is 32 m; and at the southern end of the spit (cell 14) the dune
resilience factor is 43 m.

Table 4-1. Dune Stability (DS) and Short Term (ST) factors from T&T (2021) CHA with averaged Dune
Resilience factors used for the low hazard zone is presented on the column on the right.

Cell DS (m) ST (m) Combined ST and DS (m) Dune Resilience Factor (m)
2 22 24 25
4 22 26
3 22 25
3 22 25
4 29 33 32
| 6| 4 29 33
1 29 30
| 8| 4 29 33
[ 9] 1 29 30
4 29 33
3 29 32
2 29 31
2 29 31
2 41 43 43

The low hazard areas only exist where the current primary dune extent (e.g., the high hazard zone) is both (a)
narrow; and (b) projected to erode through all or most of the existing primary dune area with 1.2 m SLR by
2130. A schematic of the way the low hazard area has been mapped relative to the high hazard zone and 1.2
m SLR 2130 shoreline is shown in Figure 4-6.

Due to the inclusion of the total primary dune in the high hazard area, and the small amount of projected
erosion in some areas, the low hazard only occurs along the coast from around North New Brighton Surf Club
to Waimairi Beach Surf Club, as can be seen in Figure 4-7. This is due to both (a) the narrow dune along
Marine Parade at this location; and (b) the projected front of dune position for 1.2 m SLR by 2130 being
located near the landward edge of the existing dune extent, and therefore should the dune be eroded to this
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position, there would be a significant change in the risk profile and exposure to coastal inundation and
erosion hazards at this timeframe.

‘Dune Resilience’ Factor Offset
M

N
N

Low Hazard Area

1.2 m SLR 2130 Dune toe position

yste

High Hazard Area

Figure 4-6. Schematic of where the high and low hazard areas are mapped in relation to the 1.2 m SLR (2130)
dune toe position.
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Figure 4-7. High and low hazard zones in North New Brighton/Waimairi Beach relative to the 1.2 m SLR
2130 erosion projection lines from T&T (2021).

4221 Avon-Heathcote Estuary (T+T Cells 15 to 24)

Figure 4-8 shows examples of how the high, medium, and low hazard zones would look at two locations in the
Avon-Heathcote Estuary from applying the possible threshold options from Table 7.1 of Jacobs (2021).
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Figure 4-8. Possible options for High, Medium and Low Coastal Erosion Hazard Categories at Southshore (left)
and Oxidation ponds (right) around the Avon-Heathcote Estuary. Not recommended due to zones being too
narrow.

As can be seen from Figure 4-8, the resulting zones are narrow, being in the order of 10-20 m for the High
Hazard options, 5-10 m width for the Medium zone options, and 5-20 m widths for the Low hazard zone
depending on location around the estuary. These widths are considered to be too narrow for effective land-
use planning provisions, so the following two zone approach is recommended.

= High-Medium Coastal Erosion Hazard Zone Boundary: 66% probability of erosion with 0.6 m SLR by
2080
= Low Coastal Erosion Hazard Boundary: 10% probability of erosion with 1.2 m SLR by 2130.

It is noticeable from the left pane of Figure 4-8 that these recommended thresholds would result in
inconsistent erosion hazard zone widths within different cells around the estuary and there will need to be in
some locations large adjustments and smoothing of the hazard zones across the cell boundaries.

Therefore, it was considered that applying a consistent erosion hazard width across all estuary assessment
cells, with the generic width for the zones being equal to the largest ASCE in any cell under the
recommended scenario/threshold option, was an appropriate approach to dealing with smoothing across
cell boundaries. This also ensured that the distance between the thresholds defining different hazard risk
categories is sufficient for likely land-use activity to be reasonably able to be carried out in the zone
between the thresholds.

Under this approach, the width of the high-medium coastal erosion hazard zone is 20 m, and low coastal
erosion hazard zone is an additional 20 m from the medium-high zone. The position of the recommended
Coastal Erosion Hazard Zone boundaries under this approach for selected locations around the estuary is
shown in Figure 4-9.
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Oxidation Ponds North

Figure 4-9. Recommended High-Medium and Low Coastal Erosion Hazard Categories at Southshore (left)
and Oxidation ponds (right) around the Avon-Heathcote Estuary.

As seen in Figure 4-9, 20 m setbacks align closely to the ASCE lines in most areas of shoreline around the
estuary. However, it is recognised that using this generic approach could be seen as precautionary at the
southern end of Southshore Spit, where properties that were not identified as being included in the ASCE (due
to low erosion projected erosion distances) could be included in a high-medium or low hazard zone as a
result of the higher generic setback distances being used.
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A sensitivity test was undertaken to identify how many additional properties could be included within the
defined high-medium and low hazard zones, which were not included in the ASCE for the corresponding
timeframes and SLR scenarios used. The results of this sensitivity testing showed:

=  When comparing the high-medium hazard zone (e.g., 20 m setback) to the ASCE for 0.6 m SLR by 2080
(66th Percentile), the same land parcels are projected to be affected (51 land parcels) for both lines, and
therefore the use of the 20 m setback for the high hazard does not intersect with any additional land
parcels. This finding for the high hazard zone is a result of majority of the setback area being located
through parks, reserves, and through the Southshore Residential Redzone where council now has
ownership of the land

= For the low hazard zone (e.g., additional 20 m setback), there are an additional three land parcels which
are projected to be in the low hazard zone but are not shown as being affected by projected erosion
hazard in the ASCE for 1.2 m SLR by 2130, all of which are located at the southern end of the Southshore
Spit (Figure 4-10).

For the additional three land parcels that are affected, the low hazard zone line only intersects with a very
small portion of the land parcel:

- For one of the land parcels, the low hazard zone appears to intersect with a garden shed,;

- For one of the land parcels, the low hazard zone appears to intersect with the main dwelling on the
property; and

- For one of the land parcels the low hazard zone cuts the corner of an empty property with no
dwellings

There are also two land parcels where the low hazard line intersects with an accessway, however these appear
to be a shared accessway to properties that now form part of the red zone.

= The additional three land parcels affected by the 40 m low hazard set back are south of Tern Street at the
southern end of Cell 16 from the CHA assessment. It is noted that these parcels occur around the
southern limit of former private shoreline protection structures. Therefore, there is uncertainty in the CHA
assessment results on the effect of the demolition of these structures on the future shoreline movements,
and a precautionary approach is justified here to take into account these additional factors.
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Figure 4-10. Three land parcels and two accessways intersect with the 40 m setback area and not with the
1.2 m SLR by 2130 CHA erosion line shown as the properties in red.

Therefore, as a result of this analysis, due to there being (a) no additional private properties effected by the
use of the 20 m setback for the high hazard zone; and (b) only three additional properties being affected
by the low hazard zone (and to a small extent), it is recommended that the generic approach in the Avon
Heathcote Estuary for the high-medium and low hazard zones is used.

4.3 For Erosion Protection Cells

This section is an addendum to Section 7.3.4 of Jacobs (2021). As indicated in Section 4.2 of Jacobs (2021)
there are a number of cells along the southern shore of the Avon-Heathcote Estuary, Sumner Beach, Lyttelton
Port and Akaroa township where due to land reclamation and substantial hard protection structures, the
future ASCE’s have been assessed as being the same as Current ASCE (e.g., erosion resulting from structure
damage/failure before repair). As such there is no change in ASCE with SLR scenario, and very little change in
erosion distance with probability.

For these protection cells, it is recommended that a generic single erosion hazard zone width in the order
of 20 m be applied as a High hazard Zone. This zone would reflect the consequences of erosion should the
protection structures fail and allow for the control of activities in these areas.

Christchurch City Council planning staff confirmed that they were comfortable that the infrastructure
protected by the listed protection structures meet the criteria of national and regional importance, and
therefore the continued reliance and maintenance of these structures is consistent with the NZCPS. Therefore,
no low hazard zone is required to be mapped along the length of these structures behind the generic 20 m
high-medium hazard zone.
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5. Conclusions and Recommendations

A preferred approach to risk thresholds has been developed for recommended scenarios for both the erosion
and inundation hazards. These have been mapped to show the resulting low, medium and high risk category
areas. This mapping is available in a webviewer and digital spatial datafiles. These preferred approaches were
compared to other scenarios and existing mapped hazards areas during the process of this analysis. The
preferred approaches for each aspect are:

51 Inundation

Table 5-1 provides the recommended definitions for coastal flood risk mapping and Figure 5-1and Figure 5-
2 provide graphical examples of these four flood risk categories.

Table 5-1. Recommended definitions for coastal flood risk mapping using the CHA inundation depth data
(d = water depth from the CHA for 0.2% annual exceedance probability)

Coastal flood risk category Flood hazard with 0.6m SLR Flood hazard with 1.2m SLR
Very low None  (dry) Low (d<04m)
Low Low (d<04m) Medium (0.4 m<d<1.0m)
Medium Medium (0.4 m<d<1.0m) High (d>1.0m)
High High (d>1.0m) High (d>16m)
HIGH RISK MEDIUM RISK LOW RISK VERY LOW RISK
4
+1.2m SLR ® ’ ®
1.0m 0.4 M. === +] 2m SLR

3 1.6 M ¢
5)
§ +0.6m SLR . 04m
g 1.0m
=z
E L]
£ 2 0.2% AEP —— 0.5% AEP
e

KEY
1 I DEPTH FOR +1.2m SLR IDEPTH FOR +0.6m SLR

0

Figure 5-1. Recommended definitions of coastal flood risk. The coastal flood management area is defined
by the 0.5% AEP coastal water level with 1.2 m of sea level rise (SLR). Flood hazards are defined by the
water depth under the 0.2% AEP coastal water level. Flood risk is defined by the combination of hazard
(water depth) and the certainty in and timing of sea level rise.
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Figure 5-2. Flood risk categories based on the thresholds defined in Figure 5-1

52 Erosion

Based on the different coastal morphologies within the Christchurch district and the various assessment
methods applied by T+T in different areas, the following are the recommended thresholds from the T+T data
for determining coastal erosion hazard zones:

1) For the Christchurch City urban area open coast; two erosion zones compromising of
a) A High Hazard Coastal Erosion Zone covering the current beach-primary dune width, and

b) Where required, A Low Hazard Coastal Erosion Zone to a lowland limit defined by the 10% probability
erosion distance with 1.2 m SLR by 2130 and an additional area required for “future dune resilience
factor”.

2) For the Avon-Heathcote Estuary; two erosion zones comprising of

a) A High-Medium Hazard Coastal Erosion Zone defined by a consistent generic width of 20 m across all
cells to be equal to the largest ASCE in any cell for the 66% probability erosion distance with 0.6 m
SLR by 2080

b) A Low Hazard Coastal Erosion Zone defined by a generic additional width of 20 m across all cells to
be equal to the largest ASCE in any cell for the 10% probability erosion distance with 1.2 m SLR by
2130.

3) For the beaches and bays of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula Bays High-Medium Coastal Erosion Hazard Zone, with the landward limit defined for:

a) Probabilistic assessment cells as the 10% probability of erosion distance for 1.2 m SLR by 2130, and

b) Deterministic assessment cells as the limit of the ASCE from the 1.5 m SLR by 2130 scenario, which
has an assumed probability of 1-5%.
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4) For the coastal cliffs of the Banks Peninsula, Lyttelton Harbour and Akaroa Harbour; a single Banks
Peninsula High-Medium CIiff Erosion Zone of 20-30 m width as defined by the generic T+T cliff erosion
setback

5) For assessment cells along the southern shore of the Avon-Heathcote estuary, Sumner Beach, Lyttelton
Port and Akaroa township where there are land reclamation and substantial hard protection structures; a
single High-Medium Hazard Coastal Erosion Zone hazard zone with a generic width in the order of 20 m.
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P

andrew purves
planning & resource management

Christchurch City Council Draft Plan Change 14

Memorandum on the Qualifying Matters Relevant to
Lyttelton Port Company Limited

Background

11

1.2

13

14

The Christchurch City Council (CCC) will be required under the Resource Management
Act, 1991 (RMA) to notify changes to the Christchurch District Plan (CDP) to enable the
establishment of up to three residential units, each up to three storeys high on a site zoned
Residential. These changes, otherwise known as “Medium Density Residential Standards”
(MDRS) must be notified (and take effect) by the 20 August 2022.

CCcC will, however, be able to notify changes that are less permissive than the MDRS in
relation to specific areas within residential zones if specified qualifying matters are
present. These include the need to give effect to the safe and efficient operation of
nationally significant infrastructure. The definition of “nationally significant infrastructure”
is contained in the National Policy Statement on Urban Development (NPS UD) and this
definition includes port facilities of a port company. Therefore, LPC’s port facilities are

nationally significant infrastructure.

The CDP currently contains provisions to recognise and provide for the safe, efficient and
effective operation and development of infrastructure, including strategic infrastructure

such as port facilities, because of their benefits to the community.

One important means in achieving the above policy direction is protecting infrastructure
from ‘reverse sensitivity’ effects. Reverse sensitivity is the vulnerability of an established
land use (Lyttelton Port or the Inland Port in this instance) to complaint from a newly
establishing, more sensitive land use such as new houses and other activities which might

be disturbed by noise from the port or from the inland port for example.
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1.5

1.6

1.7

Provisions to avoid reverse sensitivity in the CDP need to be carried over as a qualifying
matter if the CDP is to continue to protect nationally significant infrastructure such as the
port and inland port.

This is particularly so given the MDRS have immediate legal effect when the Intensification
Planning Instrument (IPI) is notified, unless a qualifying matter applies. It is therefore
important that the Council correctly identifies and notifies qualifying matters that prevent

the construction of dwellings as-of-right where that would be inappropriate.

The purpose of the memorandum is to assist Council in the identification and drafting of
existing and new qualifying matters for both the Lyttelton Port and the Inland Port

(CityDepot) to include in its IPI.

Lyttelton Port

2.1

2.2

2.3

2.4

Introduction

Lyttelton Port Company (LPC) was formed in 1988 with the introduction of the Port
Companies Act which separated the commercial role and the non-trading (recreational

and safety) roles of the former Lyttelton Harbour Board.

Lyttelton Port is the primary international gateway for the South Island with Christchurch
being the major distribution centre for inbound goods. Export customers include a wide
variety of dairy, meat, forestry, horticultural, and manufacturing businesses, as well as

coal which is an important export for the west coast region.

Lyttelton Port is the most significant port in the South Island in terms of total tonnages of
cargo and containers handled, as well as in the value of imports received and in the value

of certain exports.

The importance of the Port is reflected in the various statutory documents prepared under
the RMA. The New Zealand Coastal Policy Statement recognises that a sustainable
transport system requires an efficient network of safe ports, servicing national and
international shipping. Lyttelton Port is defined as a regionally significant infrastructure
under the Canterbury Regional Policy Statement, and is also variously defined as a

strategic, critical, and essential infrastructure in that document.
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2.5

2.6

2.7

2.8

2.9

2.10

211

Lyttelton Port is a port facility of LPC and is therefore defined as Nationally Significant
Infrastructure in the NPS UD.

Existing provisions to manage port noise and reverse sensitivity effects at

Lyttelton

There is an integrated package of provisions relating to port noise in the CDP as follows:

a. Those on the management of port noise at source;

b. Those on the management of reverse sensitivity effects through an acoustic
treatment programme for noise affected properties; and

C. Those on management of reverse sensitivity effects through controls on landuse
within the “Lyttelton Port Influences Overlay” (LPIO) which is of particular

relevance to this memorandum.

The Specific Purpose (Lyttelton Port) Zone permits “Port Activities” subject to a number of
standards. There are, however, no short-term noise limits contained in the CDP. Rather,
there are detailed methods that set out the requirements for a port hoise management

plan (along with a port liaison committee) and also a port noise mitigation plan.

The port noise management plan must at all times contain a map showing how much noise
is generated from port activities (called port noise contours). These contours are
developed from a model that is developed in accordance with NZ Standard
NZS6809:1999, Acoustics - Port Noise Management and Land Use Planning.

The noise model is regularly reviewed to ensure any changes in intensity or character of

port noise is captured, and which may result in the shifting of the noise contours.

Those properties that are located within the 65 dBA Ldn port noise contour become eligible
for acoustic treatment that is funded by the LPC and administered by the port liaison
Committee. The LPIO coincides with the 65dBA Ldn contour.

There are 38 residential sections within the LPIO (as shown in Appendix 1), and of those
29 are dwellings that are currently eligible for acoustic treatment, with 18 dwellings
receiving acoustic treatment thus far. The LPIO includes all of the property no matter which

part of the property falls within the contour.
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2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

The LPIO and associated rules were introduced at the same time to control activities that

are sensitive to port noise.

If the 65 dBA Ldn contour shifts inland then any new noise affected property owners would
become eligible for acoustic treatment. The intention would also be for the LPIO to be
amended in due course to align with the new position of the 65 dBA Ldn contour through
a Plan Change or the next review of the CDP.

On-going monitoring of noise has shown the model to be accurate and the position of the

65 dBA Ldn contour to be more or less unchanging.

The LPIO takes in parts of the:

a. Residential Banks Peninsula Zone;
b. Commercial Banks Peninsula Zone; and
C. The Industrial General Zone.

The Residential Banks Peninsula Zone within the LPIO permits up to 40m? extensions to
habitable rooms in existing dwellings provided that the subject rooms are acoustically
treated so that they have an internal sound design level of 40 dBA Ldn (5-day). A
replacement dwelling on a site is also permitted provided it is of a similar size and also

meets an internal sound design level of 40 dBA Ldn (5-day).

This enables home owners to replace a house in the event of fire etc. or carry out
reasonable extensions to habitable rooms of an existing house as-of-right provided any
new habitable rooms or extensions exposed to port noise were acoustically treated down

to the 40 dBA Ldn internal design sound level.

Extensions and replacement dwellings exceeding the 40m? threshold are a restricted

discretionary activity subject to ‘no-complaints covenant’ being signed by the applicant.

However, the intensification of residential use through multi-unit apartments are not
contemplated within the LPIO, nor is the introduction of other sensitive activities, such as
healthcare facilities. Such proposals would be listed as non-complying activities.

The Commercial and Industrial Zone rules within the LPIO classify any residential housing
a non-complying activity although LPC has given written approval to some dwellings or
upstairs apartments of which there was some form of equivalent development prior to the

earthquakes. If the LPIO land use controls were rolled-back for the Residential Banks
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2.22

2.23

2.24

2.25

2.26

2.27

Peninsula Zone, this could also be used as basis to argue for residential units (apartments)
to be developed in Commercial Banks Peninsula Zone part of the LPIO which if successful

would result in increased reverse sensitivity effects.

Subdivision within the LPIO is a non-complying activity unless a condition is proposed
prohibiting noise sensitive activities on each allotment, to be complied with on a continuing
basis, for the purpose of incorporation into a consent notice to be issued by the Council.

How the Port Noise Provisions at Lyttelton were developed

The planning framework was established in the former Banks Peninsula District Plan.
Some parts of the former Council’s decision on the District Plan was appealed by LPC

and also by a resident.

In 2005, the parties to the appeals agreed to try to resolve the appeals by mediation and
a Port Noise Working Party was established with former Environment Court Judge Peter
Skelton appointed by the Court as the Mediator. The Court directed parties to carefully

consider the agreement in the “Port Otago decisions.”

LPC representatives and advisors (including myself) and the community group mediated
regularly for just over a year to arrive at the agreed provisions summarised above. It was
agreed in mediation that any acoustic control treatments and associated landuse controls
be limited to inside the 65 dBA Ldn.

Although the agreement was outside the scope of the Appellant submissions, the Court
determined that it should proceed to consider the changes by way of alteration under
section 293 of the RMA. However, the Court concluded it should proceed cautiously by
having the proposed agreed changes natified by the Council so that other members of the
community could submit. Some did but the submissions were resolved by LPC and those

submissions were withdrawn.

The Court, in its final decision, concluded that the new provisions represented the best
opportunity for parties to seek a long-term resolution to the fairly intractable issues of noise

in a port such as Lyttelton, where residential development is very close to the port.

The port liaison committee was established shortly after the Court decision and the port

noise management and the port noise mitigation plans were prepared.

100528521/1834285.25



2.28

2.29

2.30

2.31

2.32

2.33

2.34

The land use controls relating to the Residential Banks Peninsula Zone were carried
through into the Christchurch District Plan by the Hearing Panel after again hearing
evidence on the matter. The provisions relating to the Commercial Zone were in fact
tightened because the majority of the heritage buildings in the area were demolished and
the exceptions applying to those buildings were no longer needed.

The above discussion highlights the fact that the CDP provisions manage port noise and
reverse sensitivity effects in an integrated manner (including through restrictions on
residential density and new development in the LPIO) that have been thoroughly
considered by Councils and the Court and determined to be the best way to address these

issues.

Existing qualifying matter for Lyttelton Port

Lyttelton Port is recognised as nationally significant infrastructure under the NPS UD and
therefore LPC is relying on section 771(e) of the RMA to include a qualifying matter: “a
matter required for the purpose of ensuring the safe or efficient operation of nationally

significant infrastructure.”

| consider it appropriate that these existing controls in the CDP are carried through as

existing qualifying matters in the IPI.

The existing provisions have been predicated on one residential unit per site, and; as
noted earlier, subdivision within the LPIO is a nhon-complying activity unless a condition is

proposed that prohibits noise sensitive activities on each allotment.

While the acoustic treatment of dwellings reduces the potential for reverse sensitivity
effects from occurring, there can be a portion of dwelling owners that are particularly
sensitive to noise and therefore consider their amenity compromised regardless.
Therefore, | consider it important that the original density controls be retained as part of
the package as a means to avoid reverse sensitivity effects as far as possible, consistent

with the current policy direction in the CDP.

An assessment of this qualifying matter against section 77K of the RMA is included at

Appendix 2.
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CityDepot

3.1

3.2

3.3

3.4

3.5

3.6

3.7

CityDepot is an inland container hub that serves Lyttelton Port of Christchurch. The 17-
hectare facility is located between Chapmans Road and Port Hills Road in Woolston. The
facility is owned and operated by LPC.

The container facility provides the following services:

a. Handling and storage of up to approximately 10,000 TEU containers;

b All-weather container repair facility;

c Repair bays served by two 5-tonne and two 10-tonne overhead gantry cranes;
d. Container wash facilities; and

e A mobile repair unit.

The facility operates 24 hours a day for five and a half days a week and has good access

to the State Highway network and to the rail network via a 24 wagon rail siding.

CityDepot is an integral part of port operations because the facility enables LPC to better
optimise container movements on and off the wharf for its key customers i.e. international
shipping lines, freight forwarders and exporters and importers in the Canterbury region.
As a port facility of LPC, CityDepot is Nationally Significant Infrastructure, as defined in
the NPS UD.

Managing noise and reverse sensitivity effects at CityDepot

CityDepot is zoned Industrial Heavy apart from an approximately one hectare block at the
western end of the property adjoining Port Hills Road, which is zoned Industrial General

(refer to the map attached in Appendix 3.)

CityDepot has always been subject to the noise limits specified in the CDP. These noise
limits are measured and set at the site receiving the noise. There is a Residential Hills
Zone that is located on the opposite side of State Highway 76 (Port Hills Road) from

CityDepot, which runs north towards Opawa Road.

The limits for any site zoned Residential Hills, located on the opposite side of Port Hills
Road from CityDepot, are 50 dB Laeq and 40 Lagq for daytime and night-time noise

respectively. A 65 Lamax limit also applies at night.
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3.8

3.9

3.10

3.11

3.12

Prior to 2009, CityDepot was not well integrated with the cargo handling operations at
Lyttelton Port. This was because the noise limits constrained night-time operations.

LPC needed to obtain a resource consent for the night-time operation so a reasonable
level of activity associated with the receival and dispatch of containers could occur at night,
including trains using the rail siding.

LPC was issued a resource consent from CCC (RMA92013975) for its night-time
operations at CityDepot (and associated noise) but there are a range of conditions on the

consent, including:

a. Requirement for a noise management plan and associated techniques to mitigate

noise, including shielding;

b. Noise limits from CityDepot operations being applied at the boundary of eight
properties in the Residential Port Hills Zone opposite CityDepot;

C. Noise limits from CityDepot operations being applied to existing residential units

located in the adjoining Industrial General Zone;

d. Limits on container repair operations at night; and

e. Limits on the number of trains that could visit the site during any night.

There is no overlay associated with CityDepot currently in the CDP. This is a result of the
history of the establishment of this site and also the fact that LPC has had limited
opportunity to consider the matter, particularly given the focus in the last decade has been
on the recovery of the Lyttelton Port after the earthquake sequence, including the
promulgation of the Lyttelton Port Recovery Plan and the need to get major recovery-
related consents.

The intensification of residential sites on Port Hills Road opposite CityDepot as a result of
the MDRS would likely see an increase in the number of people subject to noise from
CityDepot (and would also involve new residents coming to that noise). That would,
accordingly, risk exposing additional residents to potentially undesirable amenity levels
(particularly given port operations are 24/7 for five days a week) and thereby expose LPC

to reverse sensitivity effects which could constrain the operation of CityDepot.
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3.13

3.14

3.15

3.16

3.17

LPC has engaged acoustic expert Neville Hegley to provide advice on the likely
implications of the MDRS on the noise effects of CityDepot that might be received from
sensitive activities in proximity to CityDepot. In summary his advice provides:

a. The properties potentially affected are 311 — 321 Port Hills Road;

b. All other Residential Hills Zone properties will not have any potential adverse noise
effect from an increase in height of those dwellings;

C. Noise screening is currently used at CityDepot but its current design assumes two
storey dwellings being constructed in the residential zone;

d. Should the height of an existing dwelling be increased to three storeys then the
current noise screening will not achieve the necessary noise screening to that third
storey;

e. Noise screening at CityDepot cannot be practically achieved (due to the likely
height of the noise screening barriers that would be required); and

f. An appropriate way to resolve this issue, and to achieve compliance with the
required noise limits, would be to ensure third levels of buildings be designed to

achieve a minimum facade reduction of 4 — 7dBA.

In addition, if a new dwelling was established on these sites on higher ground then
potentially all floors could be exposed to noise generated from night-time activities at
CityDepot. Therefore, on the basis of Mr Hegley’s advice, | recommend an acoustic
treatment standard should be inserted into the PC14 provisions in the manner set out in

Appendix 4.

LPC has however decided not to seek a reduction in the number residential units allowed
for each site under the MDRS provided proper acoustic treatment measures are put in
place. This is because of the nature and history of the CityDepot site and operation, and
the ability to screen night-time noise from activities at CityDeport to a reasonably large

extent.

Potential new qualifying matter for CityDepot

CityDepot is recognised as nationally significant infrastructure under the NPS UD (noting

that CityDepot constitutes ‘port facilities’ and not some other ancillary commercial activity).

I consider there is a way the plan could be amended such that the reverse sensitivity

effects on CityDepot are managed, in a way that does not amend the density standards.
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3.18

3.19

3.20

This is my preferred option for managing such effects, noting that the same approach has
been taken in the CDP to manage reverse sensitivity effects from sensitive activities near
roads and railways.

I note that the proposed drafting of this rule (see Appendix 4) would also require the
introduction of two overlays shown in Appendix 3 i.e.

a. The extent of the CityDepot, named “Inland Port Overlay”; and
b. The properties that are affected by CityDepot noise named “Inland Port Influences
Overlay”.

| consider this to be an appropriate method of managing these noise effects and that this
should be included in the Council’s IPI as a ‘related provision’ under section 80E(1)(b)(iii)
of the RMA. Noting that ‘related provisions’ under that section can include rules or
standards that support or are consequential on the MDRS, including provisions that relate

to infrastructure and/or qualifying matters.

However, should the Council be of the view that management of noise effects from
CityDepot would be more appropriately dealt with as a qualifying matter under section 77J

of the RMA, then | have provided an assessment of this at Appendix 5.

Conclusion

4.1

4.2

4.3

4.4

Lyttelton Port and the Inland Port (CityDepot) is nationally significant infrastructure in
terms of s771 (e) of the RMA.

Lyttelton has a package of well-established and tested provisions to manage port noise.

The package includes an Overlay to the Residential Banks Peninsula Zone that regulates
sensitive activities that could otherwise cause reverse sensitivity effects on the Lyttelton

Port. This is the Lyttelton Port Influences Overlay.

The existing provisions that apply to Lyttelton Port Influences Overlay, including the
underlying density controls that currently apply to the Residential Zone, need to be

retained and therefore included as a qualifying matter.
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4.5

4.6

4.7

4.8

4.9

Absence of the Lyttelton Port Influences Overlay and associated provisions being a
qualifying matter would undermine the efficient operation of Lyttelton Port by enabling
significant development of residential activity that could constrain port operations due to
the reverse sensitivity effects.

There are no currently Overlays to manage reverse sensitivity effects on CityDepot from
sensitive activities residing in the nearby Residential Hills Zone.

An “Inland Port Influences Overlay” is recommended to be introduced to cover seven
properties in the nearby Residential Hills Zone and a new standard be introduced to

require acoustic treatment of dwellings within the Overlay.

CityDepot already screens noise from existing dwellings but if a third floor is added to an
existing dwelling, or a new dwelling is located on higher ground, then the noise cannot be

practically screened.

The new standard would be presumably be introduced under s80E(1)(b)(iii) of the RMA

but Council may wish to introduce it as a new qualifying matter under s77J of the RMA.

Andrew Purves
May 2022
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Appendix 1: Location of residential parcels within the Lyttelton Port Influences Overlay

O Resdiential Parcels in Port
Influence Overlay

[ Residential Zone

-, Lyttelton Port Influences

Overlay
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Appendix 2: Assessment of existing qualifying matter for Lyttelton Port - The Lyttelton port influences overlay

Below is an assessment against the relevant sections of the RMA. Section 77K (1) RMA sets out the process for considering existing

qualifying matters.

Section

Analysis

S77K(1)(a)

Identify the location
(for example, by
mapping) where an
existing qualifying
matte applies

The area over which this qualifying matter applies is the Lyttelton Port Influences Overlay (LPIO), as
marked in the CDP and shown at Appendix 1 of this memorandum. For completeness, the LP1O in
Appendix 1 shows the full extent of the Overlay that currently exists in the CDP, covering the Banks
Peninsula Commercial Zone and General Industrial Zone in Lyttelton as well as the Banks Peninsula
Residential Zone.

S77K(1)(b)

Specify the alternative
density standards
proposed for those
areas identified

The provisions contained in the CDP should remain unchanged within the LP1O. This means the following
alternative density standards should apply to the LP1O as consistent with the current CDP drafting for the
Banks Peninsula Residential Zone:
e One residential unit per site (Rule 14.8.2.1(a));
e Each residential unit shall be contained on a site with a minimum net site density of 400m? (Rule
14.8.2.1(a)(i));
e The maximum height of any building shall be 7m, and the maximum height of any accessory
building shall be 4.5m (Rule 14.8.2.2);
e The maximum percentage of the net site area of any site covered by buildings shall be 35% (Rule
14.8.2.3).
| am not otherwise concerned with the other provisions of the MDRS (i.e. those not detailed above as
altering the density standards) being incorporated into the Residential Banks Peninsula Zone located within
the LPIO.
Further, I also agree with the Draft PC14: that is the other provisions relevant to residential units
developing within the LP1O of the Residential Banks Peninsula Zone continue to apply:
e Strategic Objective 3.3.12 and the associated definition of reverse sensitivity in the Plan; and
e Objective 14.2.3 contained in Chapter 14 (Residential); and
e All the area specific rules for the Residential Banks Peninsula Zone contained in Rule 14.8.3, any
relevant definitions, and the requirement to comply with Rule 14.8.3.2.1; and
e All references to the LPIO, as they apply to residential units, under Rule 14.8.1.1 (permitted
activities); and
e Subdivision Rule 8.5.1.5 (NC3) applying to the Lyttelton Port Influences Overlay.
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S77K(1)(c)

Identify why the
existing qualifying
matters apply to those
areas

This has been explained in the above memorandum, however, in summary:
a. The CDP has an integrated package of provisions relating to port noise that:
e Manages port noise at source;
e Manages of reverse sensitivity effects through an acoustic treatment programme for noise
affected properties funded by the Lyttelton Port Company and managed by a Port Liaison

Committee; and

e Avoids as far as reasonable, reverse sensitivity effects by controlling landuse within the
Lyttelton Port Influences Overlay (which was defined by a 65 dBA Ldn port noise contour).
b. Removing LPIO as a qualifying matter would act to unravel this package of provisions as well as
undermining the efficient operation of Lyttelton Port by enabling significant development of
residential activity that could constrain port operations due to reverse sensitivity effects.

S77K(1)(d)

Describe in general
terms for a typical site
in those areas identified
the level of
development that would
be prevented by
accommodating the
qualifying matter, in
comparison with the
level of development
that would have been
permitted by the
MDRS.

The existing qualifying matter includes the density provisions of the underlying zone, which of themselves
provide for a level of development that is suitable for managing reverse sensitivity effects on the port.

The below table compares the theoretical level of development (on a typical site) that would occur if the
MDRS were permitted, and the level of development proposed accounting for the qualifying matter (being
a retention of the density allowed under the Residential Banks Peninsula Zone.

The amount of feasible development however is considerably less because of the size of existing
allotments, the generally difficult terrain, and consequently difficult access onto sites and on narrow roads
to the sites. There are also a number of dwellings have a heritage classification under the CDP which may

limit development potential.

Provision

Typical site if MDRS enabled

Typical site if LP1O qualifying
matter applies

Number of residential units per
site

3 residential units

1 residential unit

Building height

Not exceeding 14m in height

Not exceeding 7m in height, and
4.5m for accessory buildings

Site density

No minimums provided other
MDRS can be met

Minimum net site area of 400m?

Extension to an existing
habitable space

Could occur as of right provided
MDRS are complied with

Subject to limitations in the
increase of gross floor area
under Rule 14.8.3.1.1 and
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requires resource consent if
compliance with Rule 14.8.3.2.1
(internal sound design levels) is
not met.

Replacement of residential unit

Could occur as of right provided
MDRS are complied with

Subject to limitations in the
increase of gross floor area
under Rule 14.8.3.1.1 and
requires resource consent if
compliance with Rule 14.8.3.2.1
(internal sound design levels) is
not met.
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Appendix 3: Location of proposed Overlays to Planning Map 47 (Inland Port Overlay of the Industrial Heavy and Industrial
General Zone) and the Inland Port Influences Overlay of the Residential Hills Zone
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Appendix 4: Recommended new acoustic treatment standard

6.1.7.1 Activity status tables

6.1.7.1.1 Permitted activities

1. The activities listed below are permitted activities, if they meet the activity specific standards set out in the following table.

2. Activities may also be controlled, restricted discretionary, discretionary, non-complying or prohibited as specified in
Rules 6.1.7.1.2,6.1.7.1.3,6.1.7.1.4, 6.1.7.1.5 and 6.1.7.1.6.

Activit Activity specific standards
P1  |Any activity listed in: 1. The activities shall meet the activity standards in the following rules
1. Rule6.1.7.2.1 (Sensitive activities near i. Rule6.1.7.2.1 (Sensitive activities near roads and railways); or
roads and railways); or ii. Rule6.1.7.2.2 (Activities near Christchurch Airport); or
2. Rule6.1.7.2.2 (Activities near jii. Rule 6.1.7.2.3 (Sensitive activities near the Inland Port)
Christchurch Airport)
3. Rule 6.1.7.2.3 (Sensitive activities
near the Inland Port)

[New

Activity standard proposed - shown in italics]

Rule 6.1.7.2.3 — Habitable space near the Inland Port

a. Any new or extensions to existing habitable space of any development located within the Inland Port Influences Overlay shall be
designed and constructed so that noise in any habitable space from the Inland Port will not exceed internal sound design level of
30dB Laeg With ventilating windows or doors open or with windows or doors closed and mechanical ventilation installed and
operating.

b. Determination of the internal design sound levels required under Clause (a), including any calculations, shall be based on noise

from the Inland Port as follows:

. 50dB Laeg 0n any facade facing north to north-east towards the Inland Port Overlay shown on Planning Map 47;

ii. 47dB Laeq 0n any facade within 90 degrees of facing north to north-east and has partial line of sight to any part of Inland
Port Overlay shown on Planning Map 47;
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https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=88479
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https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=88480
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=84991
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=84992
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=84994
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=84995
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=84994
https://districtplan.ccc.govt.nz/pages/plan/book.aspx?HID=84995
https://districtplan.ccc.govt.nz/common/user/contentlink.aspx?sid=123790
https://districtplan.ccc.govt.nz/common/user/contentlink.aspx?sid=123790
https://districtplan.ccc.govt.nz/common/user/contentlink.aspx?sid=124205
https://districtplan.ccc.govt.nz/common/user/contentlink.aspx?sid=124205
https://districtplan.ccc.govt.nz/common/user/contentlink.aspx?sid=123904
https://districtplan.ccc.govt.nz/common/user/contentlink.aspx?sid=123822

C. Compliance with this rule shall be demonstrated by providing the Council with a design report prior to the issue of the building
consent, which is prepared by a suitably qualified acoustics specialist, stating that the design proposed will meet the required
internal noise levels.
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Appendix 5: Assessment of new qualifying matter for CityDepot - The Inland Port Influences Overlay

Below is an assessment against the relevant sections of the RMA. Section 77J(3) RMA sets out the process for considering new

qualifying matters.

Section

Analysis

S773(3)(a)(i)

Demonstrate why the area is
subject to a qualifying matter

Sites within the proposed “Inland Port Influences Overlay” are subject to noise effects from CityDepot
that need to be managed. CityDepot is integral to the effective and efficient operation of Lyttelton Port
generally and is recognised as nationally significant infrastructure under the NPS UD (noting that
CityDepot constitutes ‘port facilities’ and not some other ancillary commercial activity).

As such, this is a qualifying matter relying on section 771(e) of the RMA, being: “a matter required for
the purpose of ensuring the safe or efficient operation of nationally significant infrastructure.”

S773(3)(a)(ii)

Demonstrate why the
qualifying matter is
incompatible with the level of
development permitted by the
MDRS

The MDRS would enable existing residential units to be constructed three storeys high (or greater) or
enable new dwellings on the same site to be established on higher ground. Without acoustic treatment
being introduced in these circumstances noise levels from CityDepot could cause reverse sensitivity
effects on CityDepot and thereby constrain its operation.

S773(3)(d)

Assess the impact that
limiting development
capacity, building height, or
density (as relevant) will have
on the provision of
development capacity

The proposed qualifying matter would only limit development if an owner of a residential unit decided
not incorporate acoustic treatment in accordance with the proposed standard and was refused a
resource consent as a consequence. Furthermore, the standard only applies to seven properties as
shown on the proposed “Inland Port Influences Overlay.” The level of acoustic treatment to address
the noise that cannot be reasonably screened from CityDepot would not be substantial and is likely to
be achieved through standard building design subject to appropriate mechanical ventilation.

LPC does not seek any limits on density for the “Inland Port Influences Overlay”.

S773(3)(©)

The cost of the acoustic treatment to the developer that would be required would be insubstantial in the
context of a build and is likely to be with standard building design subject to mechanical ventilation.
There will a transaction cost associated with a consenting process although for the reasons described
above any owner seeking a resource consent is highly unlikely.
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Assess the costs and broader
impacts of imposing those
limits

Conversely, LPC cannot practically screen noise generated by activities at CityDepot noise from three
storey high dwellings or dwellings located on higher ground in the Inland Port Influences Overlay.
Without acoustic treatment there is a risk of reverse sensitivity effects and any curtailment of the night-
time activities at City Deport would, in effect, impact on its ability to integrate into the handling
operations at the port. Ultimately, such an impact leads to a less efficient operation of the port with
increased costs or importers and therefore the wider community.
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Appendix 10
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Executive Summary

1. This report considers the inclusion of the operative District Plan planning regime managing
residential density and intensification within the 50dB Ldn Air Noise Contour for Christchurch
International Airport as an existing qualifying matter under section 77K of the Resource
Management Act 1991 (RMA) within the Christchurch City Council’s (the Council) proposed
Plan Change 14. The area in which this qualifying matter applies is the recently remodelled
50 dB Annual Average Outer Control Boundary (AAOCB). The spatial extent of the AAOCB as
it relates to the land covered by Plan Change 14 is shown on a map attached as Appendix One.

2. The operative Christchurch District Plan contains land use objectives, policies and rules that
have been developed to manage residential and other sensitive activities in such a manner
that adverse effects from aircraft noise are avoided in the receiving environment and,
moreover, to avoid adverse reverse sensitivity effects on Christchurch International Airport
(the Airport). The effect of the operative District Plan provisions is to manage the scale and
extent of residential (and other sensitive activities) on land which is exposed to aircraft noise
levels of 50dB Ldn or higher.

3. Exposure of people and communities to the adverse effects of aircraft noise can then result in
complaints and pressure to reduce airport operations (for example, via imposition of a night-
time curfew) and other adverse reverse sensitivity effects on Airport operations. Those
reverse sensitivity effects could significantly impact upon the efficient operation of the
Airport. This is a matter which is largely tied to residential density, as allowing more people to
establish homes or other sensitive activities within the Contours will increase the number of
people exposed to aircraft noise. This would correspondingly increase the risk of adverse
reverse sensitivity effects which inhibit Airport operations.

4, The Council has commenced a planning process (draft Plan Change 14) to respond to its
obligations under the Resource Management (Enabling Housing Supply and Other Matters)
Amendment Act 2021 (the Enabling Housing Act) and the National Policy Statement on Urban
Development 2020 (NPSUD). In summary, the Enabling Housing Act requires Council to apply
medium density residential standards (MDRS) to relevant residential zones in order to enable
residential intensification.!

5. The proposal under draft Plan Change 14 to rezone land and apply medium density standards
introduces the potential for significant further residential intensification. This has the
potential to enable increased development on land within the AAOCB, beyond that currently
provided for in the District Plan.

6. The Airport operates 24/7, and this availability provides a significant operational advantage
for the Airport’s users and its ability to connect to the rest of the world. Any reduction in that
capacity would have notable consequences in the Airport’s ability to deliver its operational
outcomes, and the regional, national and international benefits that arise from that.

7. The assessments and attached reports confirm that:
a. Christchurch Airport is nationally significant infrastructure and fulfils an important role
in domestic, national and international passenger and freight services;

Resource Management Act 1991, s77G: inserted by Resource Management (Enabling Housing Supply
and Other Matters) Amendment Act 2021, s9.
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The timing and frequency of international air services are often beyond the control of

the Airport; being dictated by other parties (slot taker restrictions);

As the Airport operates 24/7 without curfew or capacity constraint, it is a significant

contributor to the national and regional economy;

The attached reports (Airbiz, Paling Consulting):

. note the significance and importance of Christchurch Airport in international and
domestic passenger travel and freight movements, and the interconnectivity
between domestic and international networks;

. highlight the commercial international passenger “slot taker” restrictions and the
significance of the domestic multi modal night-time freight network
. identify the risk to Airport operations from reverse sensitivity effects that could

lead to constraints on Airport operations. This includes 5 international case
studies illustrating the adverse results arising from a lack of or late adoption of
safeguarding principles;
The Property Economics report identifies the risks that constraints on Airport
operations poses to the economic wellbeing of Canterbury and the South Island;
Tying these themes together, the Marshall Day Acoustics (MDA) report identifies the
amenity impacts that arise from noise exposure for sensitive activities within the 50dB
Ldn Air Noise Contour, and the increasing annoyance level trend for those living in such
locations;
In particular, MDA assess the issue of whether it is appropriate, from an acoustic
perspective, to retain a 50 dB outer control boundary contour, or replace it with a 55
OCB. Overall, MDA conclude that adopting a 55dB contour, with no planning controls in
the 50 to 55 space, would lead to poor environmental outcomes for sensitive activities
in those locations.
The current regional and district planning regime provides a clear and coherent policy
platform built on the above, and seeks to avoid sensitive activities within the 50dB Ldn
contour as this:

. recognises the social and economic importance of the Airport, and the need to
integrate land use development with infrastructure;

. seeks to avoid incompatible activities within the 50dB contour which may result
in reverse sensitivity effects on the Airport;

. recognises that it should not compromised by urban growth and intensification;
and

. enables the Airport’s safe, efficient and effective operation and development.

Caselaw supports the current planning approach.

Given the above, the proposed MDRS can be considered as the antithesis of the provisions
that unpin the current planning regime designed to achieve appropriate amenity outcomes
for residents beneath the contours and to ensure effective and efficient operation of the
Airport. As a result, it is appropriate to make the MDRS less enabling within the AAOCB to
provide for the airport noise qualifying matter.

An assessment undertaken under s32 of the RMA is attached as Appendix Eight. The
assessment finds that:

the proposal to amend the MDRS provisions on land within the AAOCB to make it less

enabling is the most appropriate objective for achieving the purpose of the RMA as it:

. is necessary to accommodate a valid qualifying matter in respect of s771(e);

° does not unreasonably frustrate the Council’s implementation of its obligations
under the NPSUD, RPS and in turn, the purpose of the Act and the intent of recent
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10.

11.

12.

13.

14.

amendments to the Act to improve housing supply and enable residential
intensification; and

. best aligns with the existing District Plan policy framework relating to health,
amenity and Airport operational outcomes, which PC14 does not propose to
alter.

Furthermore, the s32 report considers the relative advantages and disadvantages of:

a. retaining the current residential zoning and related provisions applying to land within
the AAOCB; or

b. ‘rehousing’ the relevant provisions land beneath within the Medium Density Residential
Zones.

In this respect the s32 report finds that option a. above is the most appropriate means of

implementing the objective associated with the proposal, as it:

a. involves the least degree of change to the current zoning and planning framework; and

b. consequently, entails the least risk of unintended consequences or errors (e.g., anomalies)
arising.

In addition to the above, the report also considers, from a s32 perspective, whether it is
appropriate to retain a 50 dB outer control boundary contour, or replace it with a 55 OCB. The
assessment concludes that retaining the 50 dB OCB has direct environmental, economic and
social benefits, and minimal economic and social costs. Moreover, it is both effective and
efficient.

Consequential to the above, proposed Plan Change 14 should make the MDRS less enabling
to accommodate the airport noise qualifying matter, with the existing zonings beneath the
AAOCB, and with the operative density standards, development controls and policy
frameworks remaining in place. Specifically, this should include the following provisions of
the District Plan:

a. Strategic Objectives 3.3.1, 3.3.4, 3.3.7,3.3.12 and 3.3.14;

Objective 6.1.2.1 and Policies 6.1.2.1.1 and 6.1.2.1.5;

Objective 7.2.1 and Policy 7.2.1.8;

Objective 7.2.2 and Policies 7.2.2.1 and 7.2.2.3;

Objective 8.2.3 and Policy 8.2.3.5, and the relevant subdivision standards for the RS,
RSDT and RNN zones;

Objective 14.2.1 and Policy 14.2.1.1;

Objective 14.2.2 and Policy 14.2.2.2;

Objective 14.2.3 and Policy 14.2.3.1;

Objective 14.2.4 and Policies 14.2.4.1 and 14.2.4.2;

Objective 15.2.4 and Policy 15.2.4.5;

Rules 6.1.7.1 and 6.1.7.2; and

Rules 14.4.1.4 RD34 and 14.12.1.3 RD26, and the relevant permitted and controlled
activity standards applicable in Residential Suburban, Residential Suburban Density
Transition, and Residential New Neighbourhood zones.

P oo

—xT - T@ o

In addition, it will also be necessary to:

a. Delineate the AAOCB on the relevant zones in the Planning Maps to show the extent of
the qualifying matter in the District; and
b. include an additional non-complying activity rule for sensitive activities within the new

Commercial Mixed-Use zone beneath the AAOCB (Memorial Avenue).
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Introduction

This report considers the rationale for making MDRS less enabling in order to accommodate
a qualifying matter for the protection of amenity in the area affected by aircraft noise levels
of 50dB Ldn and above, and consequential protection of Christchurch International Airport’s
operations from reverse sensitivity effects within the Christchurch City Council’s (the Council)
proposed Plan Change 14. This is an existing qualifying matter under section 77K of the
Resource Management Act 1991 (RMA). This report and recommendations only relate to the
residential and commercially zoned land of the District Plan subject to Plan Change 14.

Noise contours have been in various planning documents in the greater Christchurch area
since the early 1990’s. At a general level the contours are linked to a suite of objectives,
policies and rules which manage the development of sensitive land uses in areas exposed to
aircraft noise levels of 50dB Ldn and above. The Christchurch District Plan (the District Plan)
planning maps currently contain Air Noise Contours® and Engine Testing Contours®. The
Contours identify land that will be subject to aircraft and engine testing noise at levels which
have been shown to cause adverse community health and amenity effects. These provisions
manage residential and other sensitive activities in such a manner that adverse effects are
avoided in the receiving environment and, moreover, avoid adverse reverse sensitivity effects
on Christchurch International Airport (the Airport). The general effect of the existing planning
provisions is to manage the scale and extent of residential (and other sensitive activities)
within the contours.

In residential zones, operative District Plan rules trigger additional scrutiny and notification
requirements if a proposed development within the 50dB Ldn Air Noise Contour exceeds
permitted or controlled density standards and scale. Some development may be
accommodated in existing residential zones within the 50dB Ldn Air Noise Contour (in
recognition of the residential zoning and historical development), but medium or high density
residential development is not anticipated in these areas.

Exposure of people and communities to adverse aircraft noise effects can then result in
complaints and pressure to reduce or alter airport operations (for example, via imposition of
a night-time curfew) and other adverse reverse sensitivity effects on Airport operations. Those
reverse sensitivity effects could significantly impact upon the efficient operation of the
Airport. This is a matter which is largely tied to residential density, as allowing more people to
establish homes or other sensitive activities within the contours will increase the number of
people exposed to aircraft noise. This would correspondingly increase the risk of adverse
reverse sensitivity effects which inhibit Airport operations. This is the key reason for
determining whether the airport noise contour should be considered as a qualifying matter.

Examples of such operational restrictions being applied at other airports in New Zealand,
where residential development has been allowed to establish (or was already established) in
close proximity, can be seen in Wellington and Queenstown, both of which are now subject
to a night-time curfew in order to manage noise impacts on residential communities near the
airport.

2
3

50dB Ldn Air Noise Contour, 55dB Ldn Air Noise Contour, and Air Noise Boundary.
50dB Ldn Engine Testing Contour, 55dB Ldn Engine Testing Contour, and 65dB Ldn Engine Testing
Contour.
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10.

11.

In the case of the current contours?®, an expert Panel last reviewed and confirmed the inputs
and assumptions in January 2008. At that time, the Panel recommended that the contours be
remodelled every ten years. Within this context, policy 6.3.11 of the Canterbury Regional
Policy Statement (CRPS) establishes monitoring requirements relating to the development of
Greater Christchurch. Specifically, Environment Canterbury (ECan) may request the Airport
to undertake a remodelling of the contours. ECan issued that request in September 2021.
Christchurch Airport’s independent experts (the Independent Experts) have now completed
that task and the remodelled contours are with ECan awaiting review by a peer review panel
(the ECan Review Panel). The review is expected to be completed in August 2022.

The Independent Experts confirmed the appropriateness of retaining the 50dB Outer Control
Contour (OCB), but provided ECan with two recommended options for consideration; being:

a. A contour based on the busiest three-month period of use on each runway (the Outer
Envelope); and
b. A contour based on the annual average runway use (the Annual Average).

For the purpose of this report, and to assist with the Council’s response to the Resource
Management (Enabling Housing Supply and Other Matters) Amendment Act 2021 (the
Enabling Housing Act) and the subsequent Intensification Planning Instrument (IPI) process
that will follow, the Annual Average Outer Control Boundary (AAOCB) has been chosen as the
qualifying matter for assessment. The spatial extent of the AAOCB as it relates to the land
covered by Plan Change 14 is shown on a map attached as Appendix One.

While it is acknowledged that at this point in time the remodelled contours are yet to be
assessed by the ECan Review Panel, they currently represent the most up to date research
and data on this issue and have been prepared by a panel of independent experts.

The reasons for seeking to include the AAOCB to identify where the airport noise qualifying

matter applies within the IPI process are as follows®:

a. any rule in a proposed IPl which authorises a residential activity as a permitted activity
in accordance with the Medium Density Residential Standards (MDRS) will have
immediate effect upon notification;

b. this would allow building to commence or certificates of compliance to be obtained at
the time the MDRS are notified; and
C. if the Annual Average contours are not accurately identified on the planning maps and

included as a qualifying matter, this would allow residential intensification to
inappropriately occur in areas exposed to noise levels of 50dB Ldn or greater.

It needs to be acknowledged, however, that should the ECan Review Panel recommend the
Outer Envelope contour be used for land use planning, or a combination of the Outer Envelope
and Annual Average, then a submission on Plan Change 14 will be required in order to give
the Hearings Panel scope to confirm the correct contour and qualifying matter within the
District Plan. It is accepted that this it is not an ideal situation, but it is, unfortunately, a
product of the programming of both Plan Change 14 (as directed by legislation) and the timing
of the review of the contours.

450dB Ldn Air Noise Contour, 55dB Ldn Air Noise Contour, and Air Noise Boundary. 50dB Ldn Engine Testing
Contour, 55dB Ldn Engine Testing Contour, and 65dB Ldn Engine Testing Contour.

5 And as largely outlined in letters prepared by Chapman Tripp dated and supplied to the Council on the 14"
and 27 April 2022.
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12.

13.

For completeness it is noted that The Engine Testing Contours do not extend over any land
that is zoned residential and so provisions relating to engine testing noise will, therefore, be
unaffected by the intensification plan change. Accordingly, the aircraft noise qualifying matter
is the existing qualifying matter related to the Airport which is most relevant to the
intensification plan change.

This report is in three parts:

a. Part A provides background information about the Air Noise Contours, provides a
summary of technical reports which consider the significance of the Airport in an
operational, economic and acoustic context, and assesses the planning frameworks.

b. Given the information and assessments provided in Part A above, Part B considers the
proposal to include the Air Noise Contours as a qualifying matter within the assessment
framework of section 77K(1) of the RMA. This also includes consideration, at a broad
level, as to whether the 50dB metric should remain, or whether it should be replaced
with a 55dB contour.

c. Part C provides overall conclusions and recommendations.
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PART A: THE AIR NOISE CONTOURS

Context

Draft Plan Change 14

14. The Christchurch City Council (the Council) has commenced a planning process (draft Plan
Change 14) to respond to its obligations under the Resource Management (Enabling Housing
Supply and Other Matters) Amendment Act 2021 (the Enabling Housing Act) and the National
Policy Statement on Urban Development 2020 (NPSUD). The Plan Change will be notified in
August 2022. In summary, the Enabling Housing Act requires Council to apply medium density
residential standards (MDRS) to relevant residential zones in order to enable residential
intensification.® This has the potential to enable increased density of development on land
under the AAOCB, beyond that currently provided for in the District Plan. In many ways, the
proposed MDRS are the antithesis of the provisions that unpin the current planning regime
designed to achieve appropriate amenity outcomes for residents beneath the contours and
to ensure effective and efficient operation of the Airport.

15. Given this, the Council may make the standards less enabling of development (i.e. provide for
density at a level lower than anticipated in the MDRS) in a particular area if necessary to
accommodate a “qualifying matter”. In this case, the protection of residential amenity and
airport operations can be considered as an existing qualifying matter’” required to ensure the
safe or efficient operation of the Airport as nationally significant infrastructure for the
“effects” reasons summarised above and discussed in more detail below.® The location where
this qualifying matter applies is the AAOCB.

16. This report provides further analysis to support that position and specifically considers the
evaluation requirements of section 77K(1).

Report Outline
17. The balance of this report addresses:

Part A
a. The Role and Significance of the Airport
. Airport Operations and Safeguarding — Airbiz
. Airport International and Domestic Freight Tends — Paling Consulting
. Economic Significance and Vulnerability — Property Economics
b. Aircraft Noise:
. Aircraft Noise Effects — Marshall Day Acoustics
. Land Use Planning - Marshall Day Acoustics
C. The Planning Framework:
° Canterbury Regional Policy Statement
° History of the District Plan rules

6 Resource Management Act 1991, s77G: inserted by Resource Management (Enabling Housing Supply
and Other Matters) Amendment Act 2021, s9.

7 An existing qualifying matter is a qualifying matter referred to in section 77I(a) to (i) that is operative in
the relevant district plan — s77K(3)

8 Resource Management Act 1991, s77I(e): inserted by Resource Management (Enabling Housing Supply
and Other Matters) Amendment Act 2021, s9.
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. Operative Christchurch District Plan — the policy framework and provisions
. Caselaw — the importance of density controls

d. Draft Plan Change 14
e. Conclusions and the planning issues

Part B
f. S77K(l) Assessment, including a section 32 assessment required under section 77K(1)(c)

Part C
g. Recommendations

The Role and Significance of the Airport

18.

19.

20.

21.

22.

23.

Introduction

The existing planning framework in the Canterbury Regional Policy Statement (CRPS) and the
District Plan recognise the national and regional significance of the Airport.

The Airport is essential for transporting people and freight to, from, and around, the South
Island. It is an intergenerational asset which connects Canterbury businesses and communities
with the rest of the country and the rest of the world. CIA is the largest airport in the South
Island and second largest in the country with high volumes of passengers and goods passing
through daily.

The Airport operates 24/7, and this availability provides a significant operational advantage
for the Airport’s users and its ability to connect to the rest of the world. Any reduction in that
capacity or flexibility would have notable consequences in the Airport’s ability to deliver its
operational outcomes, and the regional, national and international benefits that arise from
that. To a large extent, this is one of the key principles underlying the existing planning
framework.

To illustrate the significance of the Airport attached, as Appendix Two, is a report prepared
by Airbiz. The Airbiz report outlines, amongst other things, the general role and key functions
of the Airport, and considers the potential impacts of capacity constraints on Airport
operations. Appendix Three contains a report prepared by Paling Consulting assessing
international and domestic freight trends, and Appendix Four includes a report from Property
Economics that provides the most up to date information on the economic significance of the
Airport. The key findings of each report are summarised below.

The Airbiz Report — Safeguarding the Airport (Appendix Two)
Airport Safeguarding Principles

Safeguarding an airport and its operations is critical to protect its current and future ability to
function efficiently and competitively, and to enable it to continue to serve local and national
roles as essential transport infrastructure connecting communities.

Urban development encroachment into areas required for airport safeguarding is a “lose-
lose” situation (for the airport and community it serves) and is irreversible. It is very expensive,
if not impossible to recover land for safeguarding purposes once it has been developed for
urban purposes. A consistent conservative long-term approach is therefore justified and
essential.
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24.

25.

26.

27.

28.

29.

Long term planning frameworks are the key to preserving the economic importance of the
Airport and the amenity of residents that live beneath flight paths. Any loosening or gap in
airport safeguarding through deficiencies or relaxation of land-use controls will be
irreversible. It will result in populations living in areas affected by noise from aircraft
operations, or alternatively potential pressure for restrictions on airport operations and
prejudice regional and national economic opportunities.

ICAO Balance Approach to Aircraft Noise

The International Civil Aviation Organisation (ICAO) establishes policy on aircraft noise,
amongst other things. New Zealand is a sighatory state to the ICAO. The main policy® on
aircraft noise consists of four principal elements (pillars), as follows:

a. Reduction of noise at source;

b Land use planning and management;

C. Noise abatement operational procedures; and
d Operating Restrictions.

Table 1 on page 5 of the Airbiz report notes that the severity of impact on airport operations
increases as options a-d are implemented; noting in particular that operational restrictions
can have “high” impacts due to the use of measures that result in capacity restrictions and
airline connectivity options. Airbiz notes that:

a. Potential noise impacts on communities should be avoided by use of the noise
reduction and then land use planning and management pillars;
b. Where these pillars are unsuccessful, or not implemented, then noise abatement

operational procedures may need to be implemented through techniques such as
preferential runway modes and flight path rotation; and

c. Operating restrictions are the “last resort” and can include limits on the type of aircraft,
guotas for aircraft movements or night movements, or curfews.

Airbiz note that the Outer Control Boundary (OCB) regulatory framework described in the NZS
6805 (paragraph 99 below) fits into the land use planning and management pillar and should

be considered as a “prevention is better than cure” option.

General Consequences of Inadequate Land Use Protection

Throughout New Zealand, the OCB is generally set at 55 Ldn. Airbiz note, however, that
NZS6805 allows for greater levels of protection — which has been found appropriate by
decision makers in Christchurch to date. With reference to the Marshall Day Acoustics reports
(Appendices Five and Six) and discussed below, Airbiz highlight that evidence demonstrates
that significant proportions of populations consider themselves highly or moderately annoyed
at exposure levels below 55 dB Ldn.

Inadequate land use protection, or the relaxation of existing noise controls, allows noise
sensitive activities and urban development/intensification to encroach under flight paths,
with associated reverse sensitivity risks to the airport. At section 4 of the report®, Airbiz
provide a summary of five case studies to illustrate the risk. The case studies are:

9 Balanced Approach to Aircraft Noise Management — paragraphs 24 — 38 Airbiz report
10 And in full in an Appendix to the report.
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30.

31.

32.

Melbourne Airport;
Calgary Airport;
Brisbane Airport;
Schiphol Airport; and
Toronto Airport.

® oo oo

The key findings of the case studies are:

a. Whatever the metric selected and the position of a noise contour for planning purposes,
there are linkages between urban encroachment and pressures to mitigate actual or
perceived, current or future aircraft noise impacts through operational restrictions;

b. No cases were found where regulatory authorities relaxed protection in terms of an
OCB equivalent level(e.g. reducing an OCB from 50 to 55Ldn);
c. Significantly, shrinkage of contours does occur due to periodic modelling updates'?, but

subsequent urban encroachment has clearly shown increased pressure for airport
operational restrictions; and
d. Specifically, at each airport:

. Melbourne — the late introduction of appropriate safeguards allowed urban
encroachment around the airport. This has resulted in pressures for operational
restrictions. Given this, long-term safeguarding through land use controls needs
to be in place early and consistently protected;

. Calgary — provides an example where effective and conservative land use
planning controls and adequate safeguarding principles enabled flexibility for
necessary changes to airport operations associated with a new runway and
limited reverse sensitivity impacts;

. Brisbane — despite increasing already substantial buffer zones, the development
and operation of subsequent parallel runway and associated flight path changes
has lead to adverse community reaction. In response three trial noise-reducing
initiatives are underway — two of which could reduce long-term runway capacity;

. Schiphol — Due to urban encroachment near the Airport, operating restrictions
are in place restricting total annual aircraft movements and at night (movement
quota). In 2017 this resulted in Singapore Airlines relocating half of their freight
operations to another airport; and

. Toronto — Attempts to retrospectively establish appropriate safeguarding areas
around the airport have been difficult to effect, due to lack of early and
conservative land use planning controls.

Airport Importance and Potential Impacts of Relaxed Protection

The Airbiz assessments highlight the significance of maintaining appropriate airport
safeguarding techniques through land use planning provisions. At section 5 of their report,
Airbiz assess the potential impacts to the Airport and wider community that could arise from
reverse sensitivity effects leading to operating constraints on the Airport. As background to
this assessment, Airbiz documents the general role and importance of the Airport, its
operations and dynamics, and then considers the potential range of operational constraints
that could be imposed and the impacts that arise from that.

Christchurch Airport is of significant importance to New Zealand, the South Island, the
Canterbury region and Christchurch City as an essential transportation connectivity hub and
base for all types of aviation activity now and in the future. The Airport has no curfew and is

11 For example introduction of quieter aircraft at Brisbane or flight paths at Calgary.
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operationally available 24 hours a day, seven days a week. Its 24/7 availability is a significant
operational advantage for the airport’s users and the communities they serve.

33. The Airbiz report notes:

a.
b.

the importance of the Airport in international air services — passenger and freight;
given its proximity to Antarctica, it has international significance in facilitating scientific
exploration;

the Airport is a nominated “alternate” for Auckland International Airport, able to
accommodate wide body aircraft — noting that this is a limitation for other Airports;

As the gateway to the South Island, the Airport serves as a regional hub, connecting
international and domestic passengers and freight across the South Island;
Christchurch Airport provides critical air connectivity for the movement of international
air freight into and out of the South Island and New Zealand, linking into international
freight hubs in Australia, Singapore, China and the United States;

The main runway at Christchurch Airport is the second longest runway in New Zealand
at 3,287m, allowing air services by new generation aircraft such as the Airbus A350 and
Boeing 787, and the world’s largest passenger aircraft, the Airbus A380. These aircraft
types are critical to passenger capacity and the supply of capacity for international air
freight which travels in the belly-hold of these aircraft or on dedicated freight aircraft;
The main runway at Christchurch is the only runway in the South Island capable of
servicing these large wide body aircraft types without restrictions. If this runway is
consistently not available for use, widebody international aircraft (passenger and
dedicated freighters) would need to use runways in the North Island. Therefore,
Christchurch International Airport is an essential piece of transport infrastructure for
the South Island;

In 2019 Christchurch Airport recorded:

. 5,164,504 domestic passenger movements*? making it the third busiest airport in
New Zealand'® for domestic passengers;
. 105,000 Domestic to International transferring passengers and 245,000

domestic-to-domestic transferring passengers®®, illustrating its key role in
regional connectivity for the lower South Island and as a hub for Air New Zealand
in the South Island;
. 1,766,937 international passenger movements®® making it the second busiest
airport in New Zealand?® for international passengers
Air freight, small parcels and mail is carried into and out of Christchurch Airport in the
belly-hold of commercial passenger operations or on dedicated air freight services;
Dedicated air freight or mail services typically occur during the night to enable overnight
national delivery of freight and mail;
Additionally, there is currently (2022) some domestic heavy freight being carried
between Christchurch and Auckland on Air New Zealand’s dedicated international
freighter operations conducted under the Government’s MIAC programme (described
later);'’

12 Christchurch Airport 2019 Financial Statements
13 New Zealand Ministry of Transport website - Air and Sea transport - air passengers AR004

14 CIAL data

15 Christchurch Airport 2019 Financial Statements

16 New Zealand Ministry of Transport website - Air and Sea transport - air passengers AR006

17 Domestic “heavy freight” (heavy freight generally excludes non-perishables or small parcels and mail) is
usually carried on trucks over the road network.
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34.

35.

36.

37.

Christchurch Airport facilitates the transfer of domestic and regional air freight onto
international services, supporting industries such as salmon farming from
Nelson/Tasman onto international services;

m.  In 2019 Christchurch Airport recorded approximately 120,000 international tonnes of
air freight and mail. In terms of volume and value, the airport accounts for 14% of all
New Zealand’s international air freight, making it the second busiest airport 8 in New
Zealand for freight and mail;

n. 70% of international air freight and mail was carried in the belly-hold of passenger
aircraft and 30% on dedicated international freight aircraft'®; and
o. Christchurch Airport plays an essential role in local, regional and national disaster

management, and is a designated ‘Lifeline Utility’ in the New Zealand Civil Defence
Emergency Management Act 2016.

A significant feature of the international services at the Airport is that they arrive from long
haul destinations in Asia and short haul destinations in Australia and the Pacific. The arrival
and departure times of mid- and long-haul services at the airport are primarily dictated by
available slot times, the network schedules and onward connectivity to major destinations at
the hub airport overseas.

Within this context the Airport can be described as a “slot-taker” in that the scheduled times
of arrival and departure at the Airport are often not able to be set to ideally suit local
requirements, but rather are dictated by the network operation of the carrier overseas and
timing (slot) availability at major overseas destinations.

With respect to international freight:

a. the Airport plays a significant role in freight exports, with nearly a quarter (23%) of New
Zealand’s air freight export value?® being exported directly from Christchurch Airport;
b. with much of the passenger traffic being discretionary and price sensitive, the ability to

access the freight market is important, to contribute to overall air route economics and
make international services sustainable for airlines across multiple revenue streams;

C. the Airport plays a significant role in facilitating the supply chain for the export of high-
value, perishable and seasonal produce direct from the South Island to international
markets. Without the ability to export direct from Christchurch, speed to market would
be impacted by the necessity to connect over other export gateways;

d. Due to the reduced belly-hold capacity resulting from the Covid-19 pandemic, capacity
constraints have limited air freight supply;

e. recognising its importance, the New Zealand Government has supported international
air freight market through the Maintaining International Air Connectivity (MIAC)
subsidy scheme, essentially replacing the lost belly-hold air freight capacity with
dedicated air freight operations; and

f. MIAC flights operate a triangular routing, coming into Christchurch Airport from
Auckland Airport and then out to their overseas destination and back into Auckland,
supporting exports from the South Island to international markets. This includes night-
time freight operations.

While the above generally describes scheduled operations, the Airport also caters for non-
scheduled operations, including:
a. aircraft repositioning — this usually occurs at night;

18 Airbiz analysis of New Zealand Ministry of Transport website Air Freight statistics for FY18
19 CIAL data
20 Airbiz analysis of New Zealand Ministry of Transport website Air Freight statistics for FY18

Page | 13



38.

39.

SO0 Q0T

aircraft maintenance at the Air New Zealand maintenance base;

military, government, and Antarctic operations;

air ambulances, charters, business jets and small commercial operators;

flight training schools; and

helicopters — regional rescue helicopters, training providers, maintenance facilities and
tourism and agricultural services.

Airbiz have identified a range of potential capacity/timing constraints that could be imposed
on the Airport should communities within the AAOCB successfully lobby for operational
restrictions. This includes:

a.

o

at the higher end of restrictions are night-time curfews to all or specific operations
(typically between the hours of 11pm and 6am);

annual aircraft movement quotas or caps;

daily or hourly aircraft movement caps restricting the number of arrivals or departures;
preferential runway regimes (rotating use of runways and associated flight paths to
“share” the noise burden) which are often “sub-optimal” in terms of runway or airspace
capacity;

development of additional runways to cater for air traffic growth, to ensure no
additional noise burden is placed on current flight paths; and

other noise abatement and mitigation (noise charges, aircraft auxiliary power unit
restrictions etc).

Overall, Airbiz state that if the above examples are imposed, it will reduce operating efficiency
at the airport and impose restrictions (several extremely serious) on the existing operations.
At section D of the report, Airbiz provide some practical examples of how these constraints
could manifest at the Airport for commercial scheduled passenger flights, as follows:

a.

Night-Time Curfew:

. Its role as a nominated alternate airport would possibly change;

. Reduced overall runway capacity;

° Restrictions on future opportunities for international services;

. Impacts on the viability of mid to long haul routes;

. Impacts on the scheduled China Southern flight from Christchurch to Guangzhou;

. Possible reductions, rescheduling or cancellation of early morning trans-Tasman
departures; and

° Possible reductions, rescheduling or cancellation of late-night trans-Tasman
arrivals.

Annual Movement Quota:

. Constraints on airlines volume of frequencies, resulting in sub-optimal outcomes

such as requiring a more complex fleet with higher seating-density aircraft, which
may not be economic to operate.

Daily or Hourly Movement Quota:

. An hourly movement quota, if reached, would impact air services if airlines were
not able to schedule aircraft to meet passenger demand. An example of the
impacts of an hourly quota occurs at Sydney Airport. The quota includes an
allocation to accommodate regional services, which then restricts the number of
services which can operate on interstate and international routes. This has partly
lead to the need for a new airport in the region.

Preferential Runway Regimes (PRR):

. PRR distribute air traffic across an airport’s runways and associated flight paths
in order to “share” noise. This often results in sub-optimal use of runways and/or
airspace capacity, and increased operational costs on ground.
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40. For Airfreight and Mail, Airbiz note the following:
a. Night-Time Curfew:

. As domestic freight services fly overnight, linking domestic ports nationwide, the
entire national air freight network would be impacted if Christchurch was
effectively removed,;

. The entire air freight supply chain utilising Christchurch is linked to intermodal
road and rail connections, which facilitates next day delivery. A curfew would be
highly detrimental to the freight supply chain;

. Domestic “just in time” (e.g. flowers and seafood) impacts would arise for
multiple industries if they could not be freighted in overnight for early morning
distribution;

. The export market for high-value, perishable produce may be impacted; and
. Potential constraints on incoming new/seasonal freight services in the future.
b. Annual Movement Quota
. The domestic air freight network is successful because it connects multiple ports,

generating multiple movements. A cap on annual movements creates pressure
between scheduled passenger flights and freight operators as they compete for
movement allocations — the Schiphol example given above; and

. International air freight at Christchurch airport is seasonal — being the export of
summer fruit on dedicated freighter services from December to February. On an
annual basis, the flight volume is small, however, the economic significance is
high in facilitating direct export of South Island produce. Airbiz note that
examples at other airports globally have been detrimental to such freighter

services.
41. For Fixed Base Operation (FBO) and Small Commercial:
a. Night-Time Curfew:
. Air service activities for air ambulance and medivac purposes are critical, and

would be compromised by a curfew even if they were able to land or take off at
Christchurch with a dispensation; and

. Small commercial air operators and FBO’s have a degree of inter-dependence and
benefit from clustering. Some businesses would be compromised by a curfew and
may choose to relocate and that may impact on the economic viability of those
not impacted by a curfew.

b. Annual Movement Quota:

. Flying schools and helicopter operations generate high volumes of movements.
A quota may put pressure on these businesses to move away as they compete
for movement allocations with scheduled passenger and freight services.

C. Daily or Hourly Movement Quota:
. As above.
42. Airline Repositioning and Maintenance:
a. Night-Time Curfew:
. Late night repositioning of aircraft for maintenance or repositioning would be

restricted, meaning aircraft may have to be repositioned earlier in the day,
potentially removing an aircraft rotation over the day and reducing passenger

flight choice.
43, Military, Government and Antarctic:
a. Night-Time Curfew:
° These services are critical. Overnight and early morning operations would be

stopped, reducing flexibility for Antarctic operations, reducing opportunities to

Page | 15



44,

45.

46.

47.

48.

49.

50.

operate to avoid unsuitable weather and meaning that services could not arrive
early in the morning.

Overall Conclusions

Airbiz notes the significance and importance of Christchurch Airport in international and
domestic passenger travel and freight movements, and the interconnectivity between
domestic and international networks. In particular, Airbiz highlights the commercial
international passenger “slot taker” restrictions and the significance of the domestic multi
modal night-time freight network. Airbiz also outlines the importance of Christchurch Airport
in aircraft repositioning, aircraft maintenance, military, government and Antarctic operations,
air ambulance, medivac and small commercial operators, and with flight training services.

Given the significance of those networks and the extent of some of the operational limitations,
Airbiz highlights that “safeguarding” is a critical concept in protecting airport functionality and
efficiency; not only in terms of current operational capacity, but also for the future. Within
this context Airbiz notes the main policy of the ICAO and the four “pillars” for addressing
aircraft noise, and notes that addressing noise at source and land use planning tools are
preferred to noise abatement operational procedures and operating restrictions. In particular,
operating restrictions should be viewed as the “last resort” as they will impact on the
functionality of the airport and have adverse downstream economic, passenger, freight and
other outcomes.

Robust planning provisions are, therefore, viewed as the least risk outcome for airport
operations and the community as a whole, providing certainty and long-term risk avoidance.

To illustrate the risks to airports and communities sitting beneath flight paths in real world
terms, Airbiz provides 5 case studies illustrating the adverse results arising from a lack of or
late adoption of safeguarding principles. From this, Airbiz illustrates a range of operational
restrictions that could be imposed following community pressure to manage the effects of
overflying aircraft, including curfews, quotas or caps and preferential runway regimes. The
direct potential impact of such restrictions on Christchurch Airport are then outlined in the
last section of the Airbiz report.

Overall, the Airbiz assessment and findings support the application of the AAOCB as a
qualifying matter within the Christchurch District Plan.

The Paling Report — International and Domestic Freight Trends (Appendix Three)
Introduction

The Richard Paling Consulting (RPC) report provides an overview of the economic role of the
airfreight operation at the airport, including consideration of past trends, implications of the
Covid-19 pandemic, and future projected trends. The key points and findings of this report
are summarised below.

Role of the Airport in freight

CIA is the second largest international airfreight gateway in New Zealand, and the only one
providing direct links to overseas destinations for those wishing to ship goods by air to or from
the South Island. Both the value and volume of airfreight is focussed on in the RCP report,
with the key aspect of airfreight being that this is primarily used for smaller goods with high
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values. Air freight through CIA makes up around 0.2% of the volume of freight entering the
South Island, with the remaining volume transported by sea.

The total value of goods (almost $3 billion in 2021) makes the Airport the second largest South
Island import gateway after the Port of Lyttleton, and the third largest South Island export
gateway after Lyttelton and Port Chalmers.

The Airport provides for both international and national airfreight, with those streams
focussed as follows:
a. International Airfreight:
. Export of time sensitive premium agricultural products® from South lIsland
producers to a range of international markets (especially in Australia, China,
South East Asia and the US). Alternative transit modes would prevent or severely
limit the sale of these products; and
. Exports/Imports of high value manufactured goods supporting local industries
both for exports and imports of time-critical materials (including Hamilton Jet
engines and parts) and also the movements of goods to consumers from overseas
suppliers.

b. Domestic Airfreight
° An important staging point for e-commerce, courier movements and mail, acting
as a distribution centre for items delivered to South Island destinations and also
as a consolidation point for those moving to North Island destinations.

Growth of International Airfreight

The RPC report (section 2) summarises the growth in the period up to 2019, where the total
value of international trade carried by airfreight had been increasing strongly. Between 2014
and 2019, international trade imports had increased from $S0.6bn to $1.5bn (a 150% increase),
and exports doubled from $1.5bn to almost $S3bn.

Up to 2019, the trends regarding the contribution of airfreight through the Airport included a
domination by export traffic (both by value and volume), increase in value of exports and
imports, and an increase in proportion of freight within the South Island. After growing for
much of the period from 2015, export and import volumes declined slightly in 2019, indicating
a switch to the carriage of higher value commodities.

Section 3 of the RPC report reviews the airfreight during 2019. This was the last normal year
prior to the Covid-19 pandemic and represents the most recent position from which to
consider future trends. The general position of the Airport’s international trade at the time is
summarised as follows:

a. The value of international trade was around $4.4bn, or 17% of total international trade
into the South Island. Of this figure, imports comprised around $1.47bn (19%), and
exports around $2.7bn (16%). Imports therefore represent 33% of the value of freight,
and exports dominant with 67% of value;

b. The volume of exports was around 20,000 tonnes, with imports of around 9,000 tonnes;

C. The dominance of exports is attributed to the nature of the South Island economy with
its focus on producing goods (primarily agricultural commodities) for overseas markets;

21 These products include fresh and live fish, horticultural products such as cherries and other stone fruits and
fresh and chilled meat.
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d. Airfreight has a high share of the value of international trade, and this highlights its
importance in supporting economic activity, getting time-sensitive high value goods to
overseas markets and bringing in supplies for local industries and consumers;

e. When individual commodities are grouped, exports comprised of 74% agricultural
products?? followed by manufactured goods? (19%), basic materials (6%) and precious
metals (1.3%). Imports comprised of 57% manufactured goods, followed by basic
materials (24%), agricultural products (19%) and precious metals (0.3%); and

f. In terms of the destinations and origins for international airfreight by volume through
the Airport, Australia is the most important destination for exports followed by China,
and the US.

Overall, exports are considerably larger than imports in terms of volume and value. Exports
are more likely to be constrained by the absolute volume of airfreight capacity that may be
available. Imports are less likely to be affected by a lack of total capacity.

Section 4 of the RPC report discusses the Covid-19 impacted years of 2020 and 2021, noting
the associated restrictions and lockdowns affecting economic activity and trade, and resultant
changes in patterns of aircraft activity through CIA. This included a:

a. Downturn in international passenger flights departing;
b. Increase in freight flights, from 261 (in 2019), to 290 then 535 in 2020/2021;
c. Overall, the reductions in passenger flight frequency resulted in less flexibility for

airfreight, and connections constrained to particular days (passenger flights) or freight
only aircraft;

d. The corresponding increase in freight flights (in part government subsidised) assisted
with maintaining the service, however frequency (overall) fell sharply; and
e. Volumes of exports initially reduced in 2020 by around 20%, however then increased in

2021 to 95% of 2019 volumes. Imports increased by around 55% in 2020, with a very
small increase from that in 2021. Value dropped by around a third from 2019 to 2020,
with a slight increase in 2021. The patterns of change to the volumes and values of
exports suggest significant changes in the unit values of commodities exported by air.
Import volumes/values indicated a more consistent price.
The reduction in the range of services experienced during 2020 and 2021 appears to have
limited the ability for both exporters and importers of high value manufactured goods to take
advantage of the time savings achievable with air freight, with declines in both the volumes
and values of these commaodities. This decline has occurred despite the growth of the regional
economy and highlights the importance of a wide range of air services capable of carrying
freight to support this part of the airfreight market.

Future Projected Growth

The RPC report highlights that there might be two main components to supporting air freight

services, as follows:

a. Supporting agricultural production in the region by providing enhanced access for
premium products to the key markets in Australia, Asia, the US and Europe. Of
particular importance is the high volume of agricultural products looking to access
premium markets around the world where the timing of services and speed of delivery
are critical; and

b. Providing for the rapid movement of manufactured and other inputs for industries in
New Zealand and overseas and also providing facilities for the movement of consumer

22 Fish, meat, processed food, horticultural items and dairy
B Including pharmaceuticals, vehicles and textiles.
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goods for consumers in New Zealand. This component dominates where access to and
from a wide range of origins and destinations is the important factor.

60. Other key aspects of forecast growth that are outlined in section 5 of the RPS report include:

a.

The Airport provides the main direct access to international markets for manufactured
goods, with the airport providing 70-80% of the combined volume of manufactured
goods exports from both the Airport and Lyttelton Port. This proportion was increasing
steadily up to 2020. The overall share of freight undertaken via the Airport is lower at
25-35%;

A 2018 study®* provided a detailed snapshot of freight in NZ for the main domestic
modes and provided data for a ‘MOT Freight Futures Model’ allowing forecasts for
growth of freight for a range of commodities, and international freight flows through
Port of Lyttelton;

Although the model focusses on domestic transport in New Zealand and the role of the
Port of Lyttelton, and not small volumes of freight via airfreight, the forecasted growth
at Port of Lyttelton is likely to be linked within increased demand for international
airfreight to and from the Airport;

As well as gaining from the general growth of overseas markets, airfreight provides
opportunities for increasing value-added elements within commodities; and
Commodities exported by air have a significantly higher value than the value of those
exported by sea — primarily for perishable products. The growth of the value of
airfreight to 2019 reinforces that finding.

The future role of Christchurch International Airport

61. Section 6 of the RPC report discusses the likely future role of CIA with regard to international
airfreight, on the basis of recent and forecast trends for imports and exports. Of note is:

a.

there is likely to be growing demand for airfreight as the regional and South Island
economies continue to grow following the COVID-19 pandemic, and as the use of
airfreight becomes increasingly attractive for the transport of the growing share of
premium agricultural products. The latter will often require flight timings that allow the
products, in many cases fresh or chilled, to be brought to markets in the destination
countries at a time that meets the patterns of consumer demand,;

The supply of airfreight capacity through Christchurch is broadly in line with the longer-
term trends in demand, especially for exports. However, this reflects the current
support provided by the New Zealand government which is likely to be withdrawn as
passenger flights become more frequent. Any constraints on passenger services
providing airfreight capacity could affect the agricultural sector adversely;

Air freight also needs to meet the broader demands for the movement of manufactured
goods both exported from and imported to New Zealand. These products are typically
of high value, which reflects their importance to manufacturing and retail activities, and
make up a large part of the inward and outward airfreight market;

Issues with capacity and the specific timing of services is probably not such an issue for
manufactured goods, however services to and from a range of overseas locations at a
variety of times would be important; and

CIAL’s observed and forecast international aircraft movements (both passenger and
freight) through CIA indicates that by 2027, the numbers of international flights could
have recovered to pre-pandemic levels. With reasonable route coverage at sufficient
frequencies, this would facilitate the growing demands for airfreight to and from the
area, allowing the local and wider economy to receive the full benefits by the later part

242018 National Freight Demand Study
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of the decade, and provide the basis for the forecast continuing growth over the longer
term.

Domestic Freight

The RPC report notes that Christchurch is an important staging point for e-commerce, courier
movements, and mail within NZ, acting as a distribution centre for items delivered to South
Island destinations and also as a consolidation point for those moving to North Island
destinations. There is a large proportion of goods requiring overnight deliveries, with goods
despatched from businesses at the end of the working day and delivery to major centres by
the next morning.

The rapid growth of e-commerce also includes increasing volumes of goods being delivered
directly to customers, with expansion both before and during the Covid outbreak. In New
Zealand the retail expenditure via e-commerce is around 11% of total retail sales, with figures
of over 20% in the US and UK. This indicates the potential scope for expansion if NZ were to
align with trends in comparable countries.

The figures in Table 7.1 in the RPC report indicate that total volumes of manufactured and
retail goods transported into and out of the Lower South Island are expected to increase
substantially over the period to 2052. The future growth in e-commerce is likely to be
sustained and substantial.

Parcelair provides the freight service for domestic e-commerce market in the South Island,
supporting NZ Post and Freightways, providing a consolidation of operations. This service
operates overnight with a snapshot of an overnight period in March 2022, where the Airport
provided for 16 arrivals/departures between 17.30hrs and 8.10hrs. The flights are spread over
a wide period to meet the main demand from clients and allows for the volumes of goods to
be sorted, contributing to an efficient supply chain. Of note is that 9 arrivals/departures
occurred between 2305 hours and 0330 hours.

Summary
The RCP report concludes that the Airport plays an important role in the movement of both

international and domestic airfreight, which is important to the local, regional and South
Island economy. The demand for airfreight is projected to grow, as conditions recover from
the pandemic challenges during 2020 and 2021.

International air freight capacity will largely be addressed with the increased range and
frequency of passenger services, however as the Airport is a service taker for these operations,
it is important that there are as few constraints as possible placed on these services, if the full
benefit to the local and wider economy are to be achieved. This may include:

a. Flights arriving and departing within night-time hours, for both international and
internal freight;

b. A wider range of services to a range of destinations for imports and exports of high-
value manufactured goods, and for international e-commerce for NZ consumers; and

c. Careful timing of the flights would provide suitable avenues for the export of time-

sensitive agricultural products, allowing goods to reach markets at appropriate times.

Christchurch is located in a strategic position, at the centre of the South Island and at the
junction of road and rail links to the north, south and west. Christchurch also acts as the major
distribution centre for the South Island as a whole, supporting businesses and consumers in
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general with the efficient moment of goods, and simplification of supply chains. This may
reduce the amount of handling between supplier and customer, compared to what would be
required if airfreight had to be routed through alternative locations.

For both international and domestic airfreight movements, the ability to work with as few
constraints as possible through the night is important. This would help ensure that the
maximum benefits are obtained from the movement of airfreight and its support for local
industries and consumers.

Overall Conclusions

The RCP report demonstrates that there needs to be flexibility for CIA’s operation in the
future, to ensure that airfreight services can expand as necessary in response to projected
future increases in demand. This may arise from increase in the use of e-commerce or from
the export of (for example) manufactured goods, and agricultural and horticultural goods,
including value-added commodities within that sector.

Passenger services play a key role in the distribution of freight, and the timing of such services
is often determined by others (the international “slot taker” issue discussed earlier). Such
services are anticipated to increase to pre-covid levels by the end of the 2020’s. Freight-only
flights are presently subsidised and may initially reduce once the government subsidy is
removed. Freight only flights may be an option for the expansion of freight operations in the
future.

Strategic timing for the departure of flights is key for the international freight of time-sensitive
agricultural products, which are then able to quickly enter overseas markets, and ideally
departure times can tie to the required arrival time at the appropriate part of the day for the
receiving market. High value manufactured goods do not have the same time pressure. It is,
however, important that those are able to be received and distributed widely, and reasonably
rapidly.

The RCP report highlights that freight passing through the Airport is typically of high value per
volume, and this complements the Port of Lyttelton operations, where volume of freight is
substantially higher, however the value per volume is lower. This highlights the importance
of airfreight as a valued option for the distribution of high value goods, for both import and
export operations.

Overall, it is necessary for airfreight services to have the option to expand to meet potential
future demands, thereby supporting the economy.

The Property Economics Report — Economic Impacts of Operational Constraints
(Appendix Four)
Introduction

The Property Economics (PE) report provides an assessment of the potential economic
impacts associated with enabling noise sensitive activities within the noise contours. The key

points are summarised below.

Christchurch Airport:
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is the second largest airport in New Zealand and represents nationally and strategically
significant infrastructure supporting national accessibility for passengers and business
that supports economic well-being well beyond the borders of the Canterbury Region;
it fulfils an extremely important and unique role for the Canterbury regional
community. It serves not only as a significant employer for the region but also as a
conduit for visitors and commerce into the region. This importance goes beyond
national and international passenger transportation and includes air freight, Antarctic
operations, disaster response and recovery, helicopter operations, flight training,
maintenance, is a significant business location, and provides for flights that are unable
to land elsewhere in New Zealand due to delays and other operational restrictions; and
its function goes beyond its own direct operations and includes safeguarding other
airports, such as Auckland, when acting as an alternate if aircraft are unable to land
there. This provides improved competitiveness and resilience for the New Zealand air
transport market.

Freight

In terms of freight:

a.

the Airport plays a fundamental role in the shipping of goods and, therefore, is critical
to the economic and social well-being of all residents within the South Island;

in 2019 the Airport moved (imports and exports) approximately 5,952 tonnes of
manufactured goods (20% of the total moved in New Zealand) valued at over $3.5b;

in 2019 the Airport was responsible for exporting over $3b of cargo to other ports; and
this has huge positive flow-on effects through the rest of Canterbury's economy with
'off' airport jobs such as storage and transportation directly linked to these volumes.
The ability of CIA to move these large valuable cargos is vital for Canterbury, and in fact
the South Island, to remain competitive in the location of large, high value exporters
and manufacturers.

Passengers

With respect to passengers:

a. in 2019 the Airport catered for over 10,800 international passenger flights;

b. following COVID-19 and by 2027 these numbers are expected to re-establish;

C. in 2019 there were 7 million international passengers, and this is expected to increase
to nearly 9 million passengers per annum by 2031;

d. visitors originating at the Airport bring with them over $1b to the region with, significant
flow on effects from this spending; and

e. the current and future functionality of the Airport is key to not only the Canterbury
economy but to that of the whole South Island.

Employment

The Airport directly employs over 200 people, generating $187m in revenue. While this alone
would identify the Airport among Canterbury’s largest business contributors, the economic
activity facilitated makes it one of the largest single contributing strategic assets in the South
Island.
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Additionally, over 7,000 jobs* are accommodated within the Airport campus, making it one
of, if not, the largest employment centres in the South Island.

Regional and District Prosperity and Economic Wellbeing

The level of both passenger and freight numbers have fallen sharply over the last two years
(with Covid). The numbers are, however, expected to rebound strongly. Given this, the ability
for the Airport to meet future growth demands is critical to attracting and locating to the
region many national and international businesses that would not otherwise situate
themselves in Canterbury. Within this context it is imperative that the ability for the Airport
to grow efficiently is protected, as safeguarding growth is not just in the interest of the Airport
but has a vital flow-on benefit for the whole community.

In terms of the Airport’s economic contribution:

a. in 2012 it was estimated the Airport contributed $2.13b to the regional economy;

b. by 2017 this figure had risen to $2.62b;

c. over the next 3 years (the pre-COVID-19 year ended March 2020) this figure is estimated
at $3.02b per annum; and

d. the Airport supports 28,625 jobs within the region (10% of Canterbury’s employment)
and contributes $4.76b (7%) to South Island GDP.

Potential Impacts on Airport Operations and Economic Contribution

There is a direct link between management through land use planning and the level of
economic contribution provided by efficient operations at the Airport. Ultimately the Airport
is vulnerable to operational constraints that would reduce its flexibility. When considering the
potential application of a curfew, PE note that:

a. recent assessments of Perth Airport found that a night-time curfew could cost the
Western Australian economy $46.1b and 27,000 jobs by 2040; and
b. more extreme noise management constraints such as those at Rotterdam Airport have

decreased passenger numbers by over 60%.

Potential Economic Risks to Airport Operations and the South Island Economy

PE note that the imposition of a curfew has potential notable impacts; including:

a. post COVID recovery — the potential for reduced connectivity through the Airport is
likely to hamper freight and passenger movements resulting in increased costs and
reduced economic benefits;

b. given the Airport’s role as a “slot taker”, a curfew could reduce the range of destinations
connecting to Christchurch and thereby reduce the markets from which Christchurch
can attract tourists as well as trade and business development;

C. airlines may also choose to locate aircraft elsewhere given the reduced competitiveness
at CIA. Limitations of night-time movements on aircraft can limit the crafts ability to be
prepared for use. This would reduce the number of flights and the overall utilisation of
aircraft;

d. The limitation of night-time air freight movements is also likely to reduce craft
utilisation, increasing costs and route profitability. The impact on freight is not limited
to volumes but also around time-critical or ‘just in time’ operations;

e. Long term loss of investment and business. Long term effects on investment could
further reduce the ability of CIA to undertake current or future levels of operation; and

25 Statistic New Zealand Employment Count

Page | 23



85.

f. In terms of the wider impact on business investment, the reduction in transportation
options is likely to impact upon businesses locational decisions, at this point the loss to
the region is likely to be materialised as a loss to the whole South Island.

It is estimated that with the proportional increase in freight and the increased passenger
numbers the contribution to regional GDP made by CIA has the potential to exceed $3.87b by
2031. This level of contribution at the South Island level would constitute economic activity
circa $6b per annum. Based on a number of stated assumptions®® relating to constrained
operations under a night-time curfew it is estimated that were the region to forgo the
economic activity generated from the state assumptions alone by 2031 this would equate to:

a. $610m annually, and $835m per annum in forgone economic activity for the South
Island;

b. approximately 4,000 jobs regionally and 4,600 throughout the South Island; and

C. Given this value is based on an annualised figure, the overall impact to 2031 (from 2022)

would be in excess of $4.8b.

Aircraft Noise

86.

87.

88.

Introduction

Airport operations create unavoidable noise. Control of noise sensitive land uses (including

residential activity) within the AAOCB is important to:

a. ensure people are protected from establishing sensitive land uses in areas that are
exposed to levels of aircraft noise which might disturb them or affect their quality of life
resulting in adverse amenity and health outcomes; and

b. protect the Airport from reverse sensitivity effects, enabling airport operations to
continue to support and benefit communities.

Density control is a key planning tool used in the District Plan to achieve the above outcomes.
Residential density rules directly affect the intensity and development of new residential land
use. The proposed MDRS focus on achieving densification through the application of more
flexible development standards. By way of example, the standards described below are
relevant to Airport noise issues:

a. the number of units (and therefore the number of households) allowed per site;

b. the height of residential units (which affects the number of storeys and therefore
number of people who may be accommodated in each residential unit); and

C. building coverage (which affects practically how easy it is to realise the number of units

allowed per site).

Within this context, it is appropriate to ensure that District Plan standards applying to
development beneath the AAOCB do not give rise to increased density that would lead to
adverse amenity outcomes or reverse sensitivity impacts on the Airport. To explain this
further, attached, as Appendix Five, is a Memorandum dated 8 July 2022 prepared by
Marshall Day Acoustics (MDA) which explains the key acoustic reasons for controlling density
beneath the contours. Related to this, the report outlines the research undertaken regarding
community responses to airport noise. Appendix Six contains an additional report from MDA
that examines what level of aircraft noise exposure is reasonable (50 or 55 as an outer control
boundary). There is some cross-over in the effects related discussions in each report.

26 page 15 of the PE report
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89.

90.

91.

Marshall Day Acoustics — Noise Effects (Appendix Five)

MDA note the relationship between residential density and exposure to aircraft noise and
how this leads to adverse health and amenity impacts on communities. MDA highlight that
with increased density comes the risk of complaints and community pressure to curtail airport
operations. To illustrate this point MDA provide data from Boeing that illustrates an increase
in airport operational constraints over time, despite the fact that aircraft have become quieter
due to advances in technology.

To avoid this occurrence, MDA promote the use of a 50dB outer control boundary contour
(and related provisions) as the most effective and efficient planning tool and note the existing
regional and district planning framework (discussed below) to avoid sensitive activities within
the Contour. Notably, MDA are of the view that (emphasis added):

Aircraft noise inside the 50 dB L4, contour causes adverse effects on people and this is not a
desirable noise environment in which to increase residential density. Accordingly, it is
preferable to avoid noise sensitive activities from locating in areas where they will experience
adverse effects from aircraft noise from the outset. Sound insulation or other types of
mitigation will not fully avoid adverse effects of noise on occupants. Where there is alternative
land outside of the noise contours available to locate residential intensification, this should be

preferred.

Within this context MDA note the long-term reliance on the Miedema and Oudshoorn 2001
dose-response curve and a 2002 Taylor Baines and Christchurch City Council study which
illustrates “high annoyance” levels for communities between the 50 and 55dB Ldn ranging
between 5%-11% and 10%-15% respectively. More recent research undertaken by the World
Health Organisation (2017) and the FAA (2021) found higher levels of such annoyance ranging
from 18% to 32% for communities receiving aircraft noise levels between 50 and 55dB Ldn.
This is illustrated in a graph (Figure 2) contained in page 3 of the MDA report and reproduced
below.
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92.

93.

94.

95.

96.

97.

98.

MDA argue that the more recent studies suggest that “in order to minimise the number of
highly annoyed people, a level of 45 dB Lan is required which is 10 dB lower than recommended
by the Standard, and 5 dB lower than the current OCB that exists at Christchurch.”

Furthermore, MDA are of the view that (emphasis added):

Both the Christchurch data and the latest overseas data confirm that, at 50 dB Lan and above,
some of the population will be highly annoyed by aircraft noise. This is not a desirable noise
environment in which to locate additional residential development (or intensification) if it can
be easily avoided. The latest overseas studies confirm that community tolerance to aircraft
noise is likely reducing, not increasing.

MDA note that:

If greater levels of intensification than permitted in the operative District Plan were allowed to
occur in the residentially zoned areas inside the 50 dB Ldn Air Noise Contour, then an increase
in the number of people highly annoyed would be expected to occur. Planning rules that allow
for high density residential activity to establish as of right ... will then expose more people to
adverse effects from aircraft noise.

It is therefore appropriate, from an acoustics perspective, to prevent development and
intensification within the 50 dB Lan Air Noise Contour in order to protect the health and amenity
of the community, as well as the operations of CIA.

To place this in some context, the Airport examined GIS data to determine the number of land

parcels under the AAOCB. This assessment found:

a. There are 5,438 parcels under the AAOCB;

b. Assuming that a conservative 20% of these parcels are developed to accommodate
three residential units per site, this could translate to 2,175 additional residential
dwellings;

C. Using an average occupancy of 2.5 persons/dwelling, this translates to an additional
5,437 people exposed to the effects of aircraft noise;

d. Using the World Health Organisation community annoyance results (figure two MDA
report), suggests an additional 1087 people are likely to be highly annoyed by aircraft
noise; and

e. if the uptake is higher, then clearly the number of households (and people) beneath the
AAOCB increases.

Marshall Day Acoustics - Land Use Planning (Appendix Six)
Introduction

Marshall Day Acoustics (MDA) have prepared an overview report of the land use planning
framework influencing noise contours. As noted earlier, there is some cross over in the
material contained in this report and the July Memorandum summarised above.

A key aspect of this report is MDA’s assessment of what level of aircraft noise exposure is
reasonable.

By way of introductory comment, MDA note that:

a. World-wide, the lack of appropriate land use planning around airports has historically
caused significant numbers of people to be exposed to airport noise and subsequent
community action has initiated operational constraints on airports;
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99.

100.

101.

b. The adverse noise effects experienced around the Airport include annoyance, speech
interference, sleep disturbance and potentially health effects associated with
annoyance;

c. If land is available elsewhere for new residential (or other sensitive activities)
development or intensification, this should be preferred to land within the 50 Ldn
contour; and

d. Specifying sound insulation for activities between the 50 and 55 contour will not
eliminate all the adverse effects of noise, due to open windows and an unsatisfactory
noise environment.

New Zealand Standard NZ6805

In 1992, the Standards Association of New Zealand published New Zealand Standard NZS
6805:1992 “Airport Noise Management and Land Use Planning” with a view to providing a
consistent approach to noise around New Zealand airports. MDA note the following key

points:

a. The Standard uses the “Noise Boundary” concept as a mechanism for local authorities to:
. “Establish compatible land use planning” around an airport; and
. “Set noise limits for the management of aircraft noise at airports”

b. The Noise Boundary concept involves fixing an Outer Control Boundary (OCB) and a
smaller, much closer Air Noise Boundary (ANB) around the airport;

c. Between the ANB and the OCB new noise sensitive uses should also ideally be
prohibited (and of those that are required, all should be provided with sound
insulation);

d. The location of the OCB is generally based on the projected 55 dB Ldn contour;

e. The Standard does however state that the local authority may show “the contoursin a

position further from or closer to the airport, if it considers it more reasonable to do so
in the special circumstances of the case”;

f. The Canterbury Regional Council, and therefore Christchurch, Waimakariri and Selwyn
Councils have used the 50 dB Ldn contour for the location of the OCB;

g. The Standard recommends that a “minimum of a 10-year period be used as the basis of
the projected contours”; and

h. It is important for a major international airport to plan for a period significantly longer

than 10 years

Overall, MDA note that Land Use Planning can be an effective way to minimise population
exposure to noise around airports. Aircraft technology and flight management, although an
important component in abating noise, will not be sufficient alone to eliminate or adequately
control aircraft noise. Uncontrolled development of noise sensitive uses around an airport can
unnecessarily expose additional people to high levels of noise and can constrain, by public pressure
as a response to noise, the operation of the airport.

What Level of Aircraft Noise is Reasonable — 50 or 55

MDA note that community response to aircraft noise is a “grey scale” and that annoyance

does not start or stop at a specified noise level (or contour boundary). For planning controls,

however, it is necessary to establish a specific noise level. MDA are of the view that a 50dB

Ldn control is appropriate as:

a. 50dB Ldn has historically been used at Christchurch since 1975, including within the
2008 review;

b. NZS 6805 recommends that existing noise controls should not be downgraded:
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Clause 1.1.4 of NZS 6805 states that “This Standard shall not be used as a
mechanism for downgrading existing or future noise controls...”;

NZS 6805 is very much recommending a minimum level of protection with its use
of Ldn 55 dBA as the Outer Control Boundary. The Standard states in clause
1.4.3.8 that the local authority may show “the contours in a position further from,
or closer to the airport, if it considers it more reasonable to do so in the special
circumstances of the case”;

Christchurch Airport is a unique situation where the Council and the Airport
Company have diligently maintained a ‘buffer’ around the airport through the
implementation of appropriate land use planning over a significant period of
time;

Other airports have not been as fortunate due to severe shortages of residential
land and, as a consequence, have implemented less stringent land use planning
rules during the adoption of NZS 6805 into their district plans. This is because in
most cases the Standard arrived too late (1992) to prevent residential
encroachment; and

The NZ Standard clearly envisages that a better standard of protection than the
‘minimum standard’” may be implemented somewhere in New Zealand -
otherwise it would not have these words in clause 1.4.3.8 of the Standard.

c. World-wide, community annoyance from aircraft noise has increased significantly since
these controls were first introduced:

Establishing a link between aircraft noise effects and how a community may
respond to that is important, as without that relationship it may be difficult to
conclude that pressure may be applied to limit capacity and operations at an
airport;

In the 1970s, the Schultz curve was developed from a number of studies in
general transportation noise (included air, road and rail). Later analysis by
Bradley of airport studies indicated that community response is greater than the
Schultz curve predicts by a factor of approximately two. The Schultz and Bradley
results were used during the preparation of New Zealand Standard NZS 6805;

A comprehensive amalgamation of the various airport noise studies was carried out
by Miedema and Oudshoorn in 2001?7 and the dose-response curve from this study
has been used internationally and in New Zealand since then;

In 2002, Taylor Baines & Associates and Marshall Day Acoustics?® conducted a noise
annoyance survey in Christchurch. The study was conducted to investigate how the
Christchurch community responded to environmental noise when compared to the
previous overseas studies (Schultz, Bradley and Miedema);

There have also been a number of international studies that have been undertaken
more recently in the 21 century. MDA has recently completed a literature review of
45 of the latest studies. A summary of the 14 most significant studies shows:

° 6 reported an increase in noise annoyance over time (FAA, Guski x3, WHO,
Janssen and Vos)
. 1 reported a decrease (Vietnam)

° 4 reported no change (Gjestland x 2, Fidell, Gelderblom)
. 3 did not report on a change (NZTA, Brink, Gjestland 2021)

27 Miedema and Oudshoorn (2001); “Annoyance from Transportation Noise: Relationships with Exposure
Metrics DNL and DENL and Their Confidence Intervals”
28 See summary in paragraph 91 above
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The two largest studies in this set of studies, were the World Health Organisation
(WHO) study in 2018 and the Federal Aviation Administration (FAA)* study in the US
in 2021 —both show a significantly higher level of annoyance than the Meidema 2001
dose response curve. The dose response curves from these studies are shown the
figure above at paragraph 91, along with the Miedema and 2002 Christchurch study
for comparison.

The clear conclusion from these recent studies, is that community annoyance from
aircraft noise is significantly higher today than the results 20 to 40 years — which were
used to develop the recommendations in NZS 6805 and adopted as the basis for
airport controls in previous Christchurch District Plans; and

Based on these results it would not be sensible to relax the planning controls to
enable residential intensification in closer proximity to the Airport (for example, by
setting the OCB to 55 dB Lg4n) when the level of annoyance is trending the other way.

d. Planning Controls at other Airports generally experience significant complaints from
residents located outside 55 dB Lan:

MDA argue that there is no validity in the argument that other airports do not
use 50 dB for planning controls so why should Christchurch;
The key reasons for this position are:

. Other airports have failed to implement adequate planning controls;

° As a result, a large number have operational restrictions;

° MDA reference the Airbiz international case studies (summarised above);
° To augment this, MDA examined Auckland, Wellington and Queenstown

airports and found:

o  Auckland Airport has moderate land use controls (no equivalent to the
Christchurch 50 dB contour). There are significant areas for new
development in these moderate noise areas 55 to 65 dB Lgn. A
community liaison group (the ANCCG) meet on a bi-monthly basis and
provides an opportunity for the community to interact with Auckland
International Airport Limited and Airways on noise issues. The
majority of noise complaints at Auckland come from the relatively low
aircraft noise areas — 45 to 55 dB Lgn.

o  Wellington International Airport was built in 1959 in the middle of an
existing residential area. Since then, it has been compromised in
terms of a curfew on airport operations and there are a significant
number of people exposed to aircraft noise. NZS 6805 was
implemented for Wellington International Airport in the 1990s but
with a considerably ‘watered down’ version of the Standard’s land use
planning recommendations. There is no OCB included in the District
Plan and thus no land use controls in the moderate noise areas. As a
result, there have been further increases in the number of people
exposed to aircraft noise over the years. This is an excellent example
of how land use planning has caused a significant number of people
to be exposed to the adverse effects of airport noise and for
consequential restrictions on airport operations.

o Queenstown Airport - The Queenstown noise boundaries are largely
consistent with NZS 6805, in that an ANB based on the 65 dB Ly
contour, and an OCB based on the 55 dB Lg, contour. Due to the close
proximity of houses to the runway, night operations are not permitted
between 10pm and 6am. Noise is further restricted at Queenstown

2 ibid
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for practical reasons as the runway and surrounding topography
cannot accommodate larger wide-bodied aircraft.
e. District Plan noise limits for general noise sources are set around 50 dB Lan;
. In addition to the above, MDA note that the use of a 50 dB may be seen by some
as “unusual” or highly conservative. It is important to note, however, that:

. the Christchurch District Plan sets the residential zone noise limits as 50 dB
Laeq daytime and 40 dB Laeq night-time*’;

. This gives an indication of what local Councils view as a reasonable
‘receiving noise level’ for the protection for residential amenity in the
wider Christchurch context;

. On this basis, as it is reasonable that residential uses should be protected to a
level of 50 dB Lgn from general noise sources, it is therefore equally reasonable
that residential uses should not be allowed to establish next to an existing
noisy activity (such as an airport) at levels higher than 50 dB Lgn.

. MDA note that it is common at hearings or in planning processes for questions to
arise which seek to draw conclusions based on the number of complaints
received;

. There are several reasons for the lack of complaints about aircraft operational

noise from Christchurch International Airport. Firstly, the historic land use

planning has meant that there are relatively few people exposed to aircraft noise

in Christchurch. Secondly, people do not complain if they assume their
complaints are likely to have no effect. If the airport is operating in its normal
mode and they are annoyed, they know nothing can be done about the noise.

. To illustrate the second point, MDA note an example of a 2017 trial in Auckland
of alternative arrival procedures caused the number of complaints to jump from
2 per month to around 500 per month. These complaints came from a relatively
low aircraft noise area.

f. Providing sound insulation to affected dwellings does not solve all the annoyance issues
from aircraft noise:

. Some advocates for residential development in areas affected by aircraft noise
have submitted that sound insulation fitted to proposed dwellings is sufficient on
its own to avoid the adverse effect of noise and to protect the interests of the
Airport. MDA argue that this is incorrect as:

. Firstly, the level of sound insulation required in the 50 to 60 dB L4, area is
provided by a standard house. No additional construction techniques or
materials are required;

° However, 18% to 37% (WHO graph) of the population is still typically highly
annoyed by aircraft noise in this environment, even though they have the
opportunity to close their windows and achieve ‘WHO satisfactory noise
levels’ inside;

. Secondly, houses exposed to aircraft noise, are likely to operate with their
windows closed to reduce internal noise levels, particularly at night. Three
scenarios are then likely:

o the windows are kept closed resulting in an unsatisfactory level of fresh
air; or

o  aventilation system or air-conditioning system is installed to improve air
quality at significant cost; or,

o the windows are left open resulting in an unsatisfactory noise
environment.

30 MDA state that these controls are effectively the same as 50 dB Lan.
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. Each of these scenarios is likely to result in annoyance and possible
complaints from the residents;
. The third difficulty with sound insulation is that it does not deal with the
outdoor noise environment.
° This is why sound insulation, on its own, is insufficient and land use controls in the
form of density restrictions are the only real form of mitigation available in this
case.

The Planning Framework

102.

103.

104.

105.

106.

107.

The Canterbury Regional Policy Statement

The Airport is defined, and specifically listed, as “regionally significant infrastructure” and
“strategic infrastructure” in the CRPS. The definition of “strategic infrastructure” notes that it
includes “facilities, services and installations which are greater than local importance, and can
include infrastructure that is nationally significant”. Given the earlier assessment of the
significant role of the Airport, it is clearly nationally significant.

Chapters 5 and 6 of the CRPS establish a policy framework recognising this importance and
the need to ensure appropriate integration of new development with infrastructure and the
avoidance of reverse sensitivity effects.

Chapter 5 deals with land use and infrastructure. Objective 5.2.1(f) and (g) requires that
development is located and designed so that it functions in a way that:

enables people and communities, including future generations, to provide for their social,
economic and cultural well-being and health and safety; and which:

f. is compatible with, and will result in the continued safe, efficient and effective use of
regionally significant infrastructure;
g. avoids adverse effects on significant natural and physical resources including regionally

significant infrastructure, and where avoidance is impracticable, remedies or mitigates
those effects on those resources and infrastructure...

Objective 6.2.1 (Recovery Framework) reads, in part:

Recovery, rebuilding and development are enabled within Greater Christchurch through a land

use and infrastructure framework that:

10. achieves development that does not adversely affect the efficient operation, use,
development, appropriate upgrade, and future planning of strategic infrastructure and
freight hubs;

11. optimises use of existing infrastructure...

The CRPS includes the 50dB Ldn Air Noise Contour on its maps. Policy 6.3.5(4), which
implements Objective 6.2.1, requires that new development should only be provided for if it
does not affect the efficient operation, use, development, upgrading and safety of existing
strategic infrastructure, “including by avoiding noise sensitive activities within the 50dBA Ldn
airport noise contour for Christchurch International Airport, unless the activity is within an
existing residentially zoned urban area...;".

Policy 6.3.5(5), similarly, reads:

Managing the effects of land use activities on infrastructure, including avoiding activities that
have the potential to limit the efficient and effective, provision, operation, maintenance or
upgrade of strategic infrastructure and freight hubs.
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109.
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113.

114.

The ‘Principal reasons and explanation’ for Policy 6.3.5 states: “Strategic infrastructure
represents an important regional and sometimes national asset that should not be
compromised by urban growth and intensification... The operation of strategic infrastructure
can affect the liveability of residential developments in their vicinity, despite the application of
practicable mitigation measures to address effects... It is better to instead select development
options ... where such reverse sensitivity constraints do not exist.”

The policy thrust of the CRPS is clear, as it:

a. recognises the social and economic importance of the Airport, and the need to integrate
land use development with infrastructure;

b. seeks to avoid incompatible activities within the 50dBA contour which may result in
reverse sensitivity effects on the Airport;

c. recognises that the Airport should not be compromised by urban growth and
intensification; and

d. enables the Airport’s safe, efficient and effective operation and development.

Brief history of the District Plan rules for land use within the 50dB Ldn Air Noise
Contour in residential zones

The planning framework in Canterbury has responded to NZS 6805, the CRPS, the Airport
significance, acoustic and economic issues discussed above by using 50dB Ldn Air Noise
Contours consistently in the relevant district plan documents. The contours and related
district plan provisions mark the starting point for controls on land use, including density
controls.

There is a level of residential development that has already occurred within the 50dB Ldn Air
Noise Contour and cannot be ‘wound back’.

However, further intensification in existing residential zones above what is currently allowed
can, and should, be prevented and directed to locations where people will not be exposed to
noise of 50dB Ldn or greater.

For Christchurch District, the Independent Hearings Panel (the Panel) appointed to consider
the proposed District Plan was required to consider and interpret the relevant policies of the
CRPS (discussed above). Overall, the Panel determined that, although there is no absolute
direction in the CRPS to avoid any further noise sensitive activities in existing residentially
zoned land within the 50 dB Ldn Air Noise Contour, there is still a need to evaluate whether
such activities should be avoided or restricted so as to give proper effect to Policy 6.3.5 and
related CRPS objectives and policies.?! The Panel recognised the need for an ongoing capacity
to assess relevant reverse sensitivity and noise mitigation matters for residential
intensification above a certain scale.??

Ultimately the Panel determined that, for residential zones in the Christchurch District that sit
within the 50dB Ldn Air Noise Contour, residential activities which do not meet permitted
zone standards should have restricted discretionary activity status.3® Applications would be
limited notified to the Airport, in recognition of the fact that it is the Airport owner and may

31 Decision 10 Residential (Part), Independent Hearings Panel, 10 December 2015, at [195].
32 |bid, at [235].
3 Ibid, at [237].
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have relevant information for the purposes of the assessment.** These provisions are

discussed in more detail below.

Operative Christchurch District Plan
The Policy Framework

115. The operative Christchurch District Plan contains a suite of provisions which aim to strike a
balance between facilitating residential development and protecting the operations of the
Airport as nationally significant infrastructure. A complete list is contained in Appendix Eight
— Section 32 Assessment).

Chapter 3 Strategic Directions

116.  Chapter 3 (Strategic Directions) establishes the overarching direction for the District Plan and
establish objectives that set the outcomes sought for the district. Strategic Objective 3.3.12
(Infrastructure) recognises the benefits of strategic infrastructure, which is defined in the
District Plan to include the Airport, and seeks to enable the Airport’s efficient and effective
development, upgrade, maintenance and operation. To achieve this, the objective identifies
the need to protect Infrastructure from incompatible development and activities, including
reverse sensitivity effects. Specifically, Objective 3.3.12 (b)(iii) directs that new noise sensitive
activities should be avoided within the 50dB Ldn Air Noise Contour, except within existing
residentially zoned areas and other locations specified in subclauses B-D.

117.  Objective 3.3.12 reads, in part:
3.3.12 Objective — Infrastructure
a. The social, economic, environmental and cultural benefits of infrastructure,
including strategic infrastructure, are recognised and provided for, and its safe, efficient
and effective development, upgrade, maintenance and operation is enabled; and
b. Strategic infrastructure, including its role and function, is protected from incompatible
development and activities by avoiding adverse effects from them, including reverse
sensitivity effects. This includes:
i.
ji. ..., and
jii. avoiding new noise sensitive activities within the 50dB Ldn Air Noise Contour and
the 50dB Ldn Engine Testing Contour for Christchurch International Airport,
except:
A. within an existing residentially zoned urban area; or
B. within a Residential Greenfield Priority Area identified in the Canterbury
Regional Policy Statement Chapter 6, Map A; or
C. for permitted activities within the Specific Purpose (Golf Resort) Zone of the
District Plan, or activities authorised by a resource consent granted on or
before 6 December 2013; and
D. for permitted, controlled, restricted discretionary and discretionary
activities within the Specific Purpose (Tertiary Education) Zone at the
University of Canterbury; and ...

118. Related to this, Objective 3.3.14 (Incompatible activities) recognises the need to control the
location of activities to minimise conflicts, and to avoid conflicts where there may be
significant adverse health, safety and amenity effects.

3 bid, at [239].
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119.

120.

Residential Chapter

Similar to the discussion above (paragraph 108) on CRPS policy 6.3.5, there is no prescription
within Strategic Objective 3.3.12 to avoid any further noise sensitive activities in existing
residentially zoned land within the 50 dB Ldn Air Noise Contour. That said, the District Plan
residential zone policy framework that gives effect to the CRPS and the Strategic Directions
chapter of the District Plan, recognises the need to protect strategic infrastructure from
reverse sensitivity effects. Specifically, the following Objective and policies are relevant:
14.2.3 Objective - Strategic infrastructure
a. Development of sensitive activities does not adversely affect the efficient operation, use,
and development of Christchurch International Airport and Port of Lyttelton, the rail
network, the National Grid and the identified 66kV and 33kV electricity distribution
lines and the Heathcote to Lyttelton 11kV electricity distribution line, the state highway
network, and other strategic infrastructure.
14.2.3.1 Policy - Avoidance of adverse effects on strategic infrastructure
a. Avoid reverse sensitivity effects on strategic infrastructure including:
i. Christchurch International Airport;
ii.
14.2.2.2 Policy - Recovery housing - higher density comprehensive redevelopment
a. Enable and incentivise higher density comprehensive development of suitably sized and
located sites within existing residential areas, through an Enhanced development
mechanism which provides:
i high quality urban design and onsite amenity;

ii. appropriate access to local services and facilities;

jii. development that is integrated with, and sympathetic to, the amenity of existing
neighbourhoods and adjoining sites; and

iv. a range of housing types;

V. and which does not promote land banking, by being completed in accordance

with a plan for the staging of the development.
b. To avoid comprehensive development under the Enhanced development mechanism in
areas that are not suitable for intensification for reasons of:
i vulnerability to natural hazards;

ii. inadequate infrastructure capacity;
jii. adverse effects on Character Areas; or
iv. reverse sensitivity effects on existing heavy industrial areas, Christchurch

International Airport, arterial traffic routes, and railway lines.

Policy 14.2.2.2 (relating to housing recovery and higher density development) directs that
higher density comprehensive development should be avoided in areas that are not suitable
for intensification for reasons of reverse sensitivity effects on Christchurch International
Airport.*® Objective 14.2.3 and associated Policy 14.2.3.1 also generally direct that
development of sensitive activities should not adversely affect the efficient operation, use and
development of the Airport and that, accordingly, reverse sensitivity effects in particular are
to be avoided.

Subdivision Chapter

35 policy 14.2.2.2(b)(iv).
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121.

122.

123.

124.

125.

126.

127.

Objective 8.2.3 (Infrastructure and transport) recognises the need for subdivision design and
development to promote efficient provision and use of transport. Related policy 8.2.3.5 deals
with adverse effects on infrastructure and requires that subdivision design recognises their
ongoing operation, development and maintenance, including the potential for reverse
sensitivity effects.

Commercial Chapter

The commercial zones anticipate a range of sensitive activities, including residential activities.
Within this context, and as a range of commercial zones site beneath the Contours, the policy
framework®® of the District Plan recognise the need to avoid sensitive activities in such
locations.

Specifically, Policy 15.2.4.5(b) reads:

Provide for the effective development, operation, maintenance and upgrade of strategic
infrastructure and avoid adverse effects of development on strategic infrastructure through
managing the location of activities and the design of stormwater areas. This includes but is
not limited to, avoiding sensitive activities within commercial zones located within the 50 dB
Ldn Air Noise Contour and within the Lyttelton Port Influences Overlay Area.

The Zone and Rule Framework

Residential Chapter

The District Plan rule regime that flows from the policy framework within the Air Noise
Contours control the extent to which residential activity can intensify.

The residential zones which sit within the 50dB Ldn Air Noise Contour and which are subject
to density controls are Residential Suburban (RS) and Residential Suburban Density Transition
Zones (RSDT)*” and Residential New Neighbourhood Zone (RNN).3®

There are portions of residentially zoned land which fall within the 55dB Ldn Air Noise Contour
and within the ANB. Additional rules® apply to the land in those locations, which set out
insulation standards for new buildings (or extensions to existing buildings) and prohibit new
noise sensitive activities within the Air Noise Boundary, consistent with NZ6805 and the
CRPS.%

Within the RS, RSDT and RNN zones in the 50dB Ldn Air Noise Contour, residential activities
which do not meet the permitted or controlled activity density standards trigger a restricted
discretionary rule related to airport noise issues. *! In determining applications, the Council
must consider “The extent to which effects, as a result of the sensitivity of activities to current
and future noise generation from aircraft, are proposed to be managed, including avoidance
of any effect that may limit the operation, maintenance or upgrade of Christchurch
International Airport.”

36 Objective 15.2.4

37 Rule 14.4.1.3.

3% Rule 14.12.1.3.

39 And Objective 6.1.2.1, and policies 6.1.2.1.1 and 6.1.2.1.5
40 Section 6.1.7.1 and 6.1.7.2

41 Rule 14.4.1.3, RD34 and Rule 14.12.1.3 RD26.
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Any applications triggering that rule are limited notified to the Airport (as a party identified as
being adversely affected). This process is crucial as the Airport is able to more closely consider
reverse sensitivity effects and, where these will impact Airport operations, the Airport takes
an active role by lodging submissions and/or working with landowners. Notification serves a
broader purpose than simply bringing residential activity applications to the attention of the
Airport.

There is a small portion of land within the 50dB Ldn Air Noise Contour (on the north side of
Buchanans Road) which is zoned Residential Medium Density (RMD). This area is part of a
comprehensive development that took place under the former Christchurch City Plan, which
allowed for a mixture of densities at that location.*> When considering appropriate zonings
and airport noise rules within the 50dB Ldn Air Noise Contour for the operative Christchurch
District Plan, the hearings panel regarded this area of RMD as “so small as to be insignificant
for our purposes on this matter”.*® This current, and only, area of RMD zoning under the
Contour therefore reflects historic land use, and was not an area which was newly-identified
as appropriate for increased residential development.

There are two areas of land within the 50dB Ldn Contour zoned RNN. However, both are
subject to Outline Development Plans (ODP) which were considered and approved by the
Independent Hearings Panel for the Christchurch District Plan. These areas were also initially
zoned for residential development via the former Christchurch City Plan: the North West
Belfast ODP,* and Yaldhurst ODP. %

Subdivision

The District Plan has minimum allotment size standards for subdivision in the RS, RSDT and

RNN zones which is a direct control on density. In general terms this requires, as a controlled

activity, the following minimums (net site area):

a. Residential Suburban —450m? (rule 8.6.1 Table 1.a);

b. Residential Suburban Density Transition — 330m? (rule 8.6.1 Table 1.e); and

C. Residential New Neighbourhood — Density standards specified in rule 8.6.11, Table 8
and the relevant ODP (Yaldhurst — Appendix 8.10.28, Belfast — Appendix 8.10.23).

Commercial

The District Plan provides for residential activities within the commercial areas of the district
as permitted activities, under stated conditions*®. The AAOCB covers land zoned Commercial
Office (CO), Commercial Core (CC) and Commercial Local (CL). Given the policy framework
discussed above (paragraphs 122-123), sensitive activities located within these zones require
resource consent as a non-complying activity via rules 15.8.1.5, 15.4.1.5 and 15.5.1.5. Under
draft PC14 it is proposed to rezone the Residential Guest Accommodation Zone to Commercial
Mixed Use (CMU). There is no equivalent non-complying rule for sensitive activities in this
zone. Given this, a new provision needs to be inserted into the CMU (15.9.1.5).

42 Christchurch City Plan 2005, Part 2 Living Zones, 1.12 Living G (Yaldhurst) Zone and associated appendices.

43 Decision 10 Residential (Part), Independent Hearings Panel, 10 December 2015, at [215] and [216].

4 Christchurch District Plan, Chapter 8, Appendix 8.10.23 North West Belfast Outline Development Plan and

Christchurch City Plan 2005, Appendix 8.6.23.

4 Christchurch District Plan, Chapter 8, Appendix 8.10.28 Yaldhurst Outline Development Plan and
Christchurch City Plan 2005, Appendix 8.10.28.

46 Acknowledging that Plan Change 5B is in process
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Caselaw

The principle that density controls are important land use planning controls for managing
sensitive activities in proximity to airports has been well established before the Courts.

Attached, as Appendix Seven, is a summary and extracts of relevant decisions in which the
Environment Court has articulated the importance of density controls. These cases confirm
that density controls are essential for an effective planning framework that manages airport
noise effects on the community whilst also safeguarding airport operations.

In summary:

a. The benefits of an airport future-proofing its operation have local, regional and national
significance;"

b. There are likely to be a percentage of persons highly annoyed by airport operations
even below the 50 dB Ldn noise contour, and there is likely to be an adverse effect on
their amenity.*® A greater number of dwellings between the 50 and 55 dB Ldn contours
will lead to an increased number of persons highly annoyed by aircraft traffic;*

C. When weighing up conflicting policies and objectives, the Court has stated that density
of dwellings around the Christchurch International Airport is a dominant factor.>
Airport policies have been considered more significant than those which seek higher
densities when the Court was asked to weigh these competing matters;>! and

d. The NZS 6805 provides for a two-pronged approach with both noise management
controls and land use planning controls. The two need to be considered as a composite
package.>?

Draft Plan Change 14

136.

Residential

The Council has consulted on draft Plan Change 14, which will be publicly notified in August
2022. Plan Change 14 is the Council’s response to its obligations under the Resource
Management (Enabling Housing Supply and Other Matters) Amendment Act 2021 (the
Enabling Housing Act) and the National Policy Statement on Urban Development 2020
(NPSUD). In summary, the Enabling Housing Act requires Council to apply medium density
residential standards (MDRS) to relevant residential zones to enable residential
intensification. Table One below identifies the current District Plan zones and proposed new
zonings of land that sit beneath the operative Air Noise Contours and the AAOCB.

47 Robinsons Bay Trust v Christchurch City Council C 60/2004, 13 May 2004, at [24].

“8 |bid at [58] and [59].

4 |bid at [59].

50 BD Gargiulo v Christchurch CC, C 137/2000, 17 August 2000, at [51] and [63].

5! National Investment Trust v Christchurch CC, C 41/2005, 30 March 2005, at [109].

52 Independent News Auckland Ltd & Anor v Manukau City Council, (2003) 10 ELRNZ 16 at [111].
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Table One: Residential zones currently and proposed to be located within the Airport Noise
Contours in Christchurch City

Operative Plan As proposed in Plan Change As proposed in Plan Change 14
14 (operative contours) (AAOCB)

Residential Guest N/A N/A

Accommodation Zone MDRS do not apply as this is MDRS do not apply as this is
considered commercial. Note, | considered commercial. Note,
however, that it is proposed however, that it is proposed to
to rezone to Commercial rezone to Commercial Mixed Use
Mixed Use under PC14 under PC14

Residential Medium Density | Medium Density Residential Medium Density Residential Zone

Zone (NB: rules differ from Zone

MDRS)

Residential New Medium Density Residential Medium Density Residential Zone

Neighbourhood Zone Zone

Residential Suburban Zone Medium Density Residential Medium Density Residential Zone
Zone

Residential Suburban Medium Density Residential Medium Density Residential Zone

Density Transition Zone Zone

The establishment of the new medium density zones will potentially enable increased
permitted density of development across large areas of Christchurch City, as anticipated by
the NPSUD and the Enabling Housing Act. This includes land beneath the AAOCB, unless it is
identified as a qualifying matter which makes less enabling development more appropriate.

The proposed MDRS planning tools to be inserted in the District Plan to achieve this outcome
include, amongst other things, increased density standards (3 units per site), increased height
(12m, plus roof intrusions up to 1m), more flexible recession plane standards, reduced
building setback standards, increased site coverage rules (50%) and reduced subdivision
standards. Developments that comply with these more enabling standards, and are not
subject to a qualifying matter, can proceed without resource consent. It is further proposed
that four or more residential units on a site would require resource consent as a restricted
discretionary activity, with discretion limited to stated design principles. Similarly, buildings
exceeding 11m in height, and breaches of the recession plane, setback, site coverage and
other built form standards would also be assessed as restricted discretionary activities. There
are no discretionary or non-complying activities.

Overall, these provisions provide a significantly more enabling residential development
regime and thus a notable increase in potential development density and built form compared
to the operative District Plan rules.

While the draft PC14 documentation also includes changes proposed to the District Plan
objective and policy framework (Chapter 3 Strategic Directions and Chapter 14 Residential), it
currently proposes no changes to the following objectives and policies (discussed above). This
is appropriate as they are pivotal in recognising the strategic importance of the Airport, the
need to protect its security and operations from incompatible activities and reverse sensitivity
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effects, and to achieve appropriate health and amenity outcomes for the sensitive activities
beneath the corridors:
a. Strategic Objective 3.3.12

b. Strategic Objective 3.3.14
C. Residential Objective 14.2.3
d.  Policy 14.2.3.1

e.  Policy14.2.2.2

It is assumed that this is deliberate, given the Council’s stated position that the Air Noise
Contours should be considered as a qualifying matter and, that as a consequence, no changes
to the aforementioned District Plan objectives and policies will be made.

As the Council is proposing to rezone the existing residential land beneath the AAOCB medium
density, it is understood that it is proposed to “re-house” the existing District Plan residential
rules into the new zone chapters. This would need to include all the relevant built form
standards for the existing RS, RSDT and RNN>3 zones under the AAOCB, as non-compliance
with those provisions are the trigger points for RDA status, and the density permitted by the
operative District Plan provisions in those locations is more appropriate and should be
retained.>

For completeness, it is also noted that the relevant provisions of Chapter 6.1.7 (Rules —
Activities near infrastructure) should remain intact.

While the Council has signalled this “rehousing” approach, an alternate strategy would be to

leave the current zoning (and related provisions) on land beneath the AAOCB intact. This

would therefore provide a standalone package of provisions applying to the contour qualifying

matter and should avoid:

a. complex Plan interpretation requirements; and

b. the potential for Plan drafting errors to arise from incorporating existing provisions into
the new medium density and high-density zone chapters, which could lead to
unanticipated outcomes

There appears to be no mandatory requirement in the legislation that requires the Council to
undertake a blanket rezoning across all relevant residential zones, such that the only
residential zone in the city is MDR Zone:

a. The obligation under s77G is to incorporate the MDRS into every relevant residential
zone.

b. Under s771 the Council may make the MDRS and the relevant building height or density
requirements under policy 3 less enabling of development in relation to an area within
a relevant residential zone only to the extent necessary to accommodate 1 or more of
the following qualifying matters. Again, the legislation does not prescribe the zoning
that is to be used.

C. Section 77J) talks about requirements for the evaluation report and asks for “a
description of how the provisions of the district plan allow the same or greater level of
development than the MDRS”. This further reinforces the point that Councils can work
out how they incorporate MDRS, they must then just explain what they have done and
how it meets the duty in s77I.

$314.4.2,14.12.2
%414.4.1.3 RD34, 14.12.1 RD26
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d. The Council retains discretion as to how it incorporates the MDRS into relevant
residential zones. The legislation does not require councils to rezone all of the relevant
residential zones MDR.

e. It follows, therefore, that Council also has discretion in terms of the zoning and
adjustments to the MDRS in areas where a qualifying matter applies.

Residential Subdivision

146.  Draft PC14 signals that subdivision of land that is vacant will require lots with a minimum of
400m? in the Medium Density Zone. In other respects, there will be no minimum allotment
size. This represents a step change in potential density outcomes.

Commercial

147.  Draft PC14 proposes to align the current commercial zones with the National Planning
Standards nomenclature. It is also proposed to enable greater building form. With respect to
the Airport Contours, the only relevant issue is the extent to which any changes may enable
residential development beneath the contours.

148. Table Two below identifies the current District Plan zones and proposed new zonings of land
that sit beneath the operative Air Noise Contours and the remodelled AAOCB.

Table Two: Residential zones currently and proposed to be located within the Airport Noise
Contours in Christchurch City

Operative Plan As proposed in Plan Change As proposed in Plan Change 14
14 (operative contours) (AAOCB)

Commercial Office Zone Commercial Zone Commercial Zone

(Sir WP Drive)

Commercial Local Zone Neighbourhood Centre Zone Neighbourhood Centre Zone

(example — Wentworth Street

Commercial Core Zone Local Centre Zone Local Centre Zone

(Yaldhurst)

Residential Guest Commercial Mixed-Use Zone Commercial Mixed-Use Zone —

Accommodation Zone — Memorial Avenue Memorial Avenue

149. As noted in the discussion above, sensitive activities in the commercial zones and on land
within the contours require resource consent as a non-complying activity (rules 15.9.1.5,
15.5.1.5, 15.6.1.5 and 15.4.1.5®). Currently the one exception to this is the Commercial Mixed-
Use zone. The reason for this is that the operative Contours within the District Plan do not
cover such zones. Land zoned Commercial Mixed Use is, however, included within the
remodelled contours and given this a new non-complying activity rule will need to be inserted
into chapter 15.10. No change to the policy framework is required, as it is covered by Policy
15.2.4.5(b). It is noted, for completeness, that the Commercial Mixed-Use zones will also
replace land currently zoned Residential Guest Accommodation Zone in the operative District
Plan.

55 As renumbered in draft PC14
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Conclusions and the Planning Issues that arise

150.

151.

152.

153.

154.

The proposal under draft Plan Change 14 to rezone land and apply medium density standards
introduces the potential for significant further residential intensification. The draft Plan
Change also proposes to align commercial zonings with the National Planning Standards
nomenclature and the assessment above has identified the absence of a planning rule
addressing sensitive activities within the CMU zone; albeit an existing policy applies.

The remodelled AAOCB, as it relates to urban areas, is illustrated in the map attached as
Appendix One.

The preceding assessments and attached reports confirm that:

a. Christchurch Airport is nationally significant infrastructure and fulfils an important role
in domestic, national and international passenger and freight services;

b. The timing and frequency of international air services are often beyond the control of
the Airport; being dictated by other parties (slot taker restrictions);

C. As the Airport operates 24/7 without curfew or capacity constraint, it is a significant
contributor to the national and regional economy;
d. The MDA report identifies the amenity impacts that arise from noise exposure for

sensitive activities within the 50dB Ldn Air Noise Contour, and the increasing annoyance
level trend for those living in such locations;

e. The MDA report confirms that it is appropriate to continue to use the 50dB metric for
the outer control boundary, rather than applying a 55 dB contour;

f. The attached reports identify the risk to Airport operations from reverse sensitivity
effects that could lead to constraints on Airport operations;

g. The Property Economics and Airbiz reports identify the risks that constraints on the
Airport poses operationally and to the economic wellbeing of Canterbury and the South
Island;

h. The current regional and district planning regime provides a clear and coherent policy

platform built on the above, and seeks to avoid sensitive activities within the 50dB Ldn
contour as this:

. recognises the social and economic importance of the Airport, and the need to
integrate land use development with infrastructure;

. seeks to avoid incompatible activities within the 50dBA contour which may result
in reverse sensitivity effects on the Airport;

. recognises that it should not be compromised by urban growth and
intensification; and

. enables the Airport’s safe, efficient and effective operation and development.

i. Caselaw supports the current planning approach and there have been no material
changes in evidence since most cases where decided.

Draft Plan Change 14 and the application of the MDRS has the potential to enable increased
density of development on land under the AAOCB, beyond that currently provided for in the
District Plan. In many ways, the proposed MDRS are the antithesis of the provisions that unpin
the current planning regime designed to achieve appropriate amenity outcomes for residents
beneath the contours and to ensure effective and efficient operation of the Airport.

Within this context it is appropriate to consider whether the MDRS should be made less
enabling within the AAOCB to provide for the airport noise as a qualifying matter and, thus,
whether the current policy framework and density/development rules should continue to
apply, including the retention of the current notification requirements for proposals to exceed
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the permitted and controlled activity standards. Moreover, it is necessary also to consider
whether additional provisions are required given the amendments proposed to the
commercial zones under draft Plan Change 14. These issues are addressed below in Part B and
in the report attached as Appendix Eight.

Two additional matters require consideration:

a. The Council has signalled that it proposes to rezone the residential land beneath the
AAOCB and “rehouse” the relevant provisions into the new zone provisions. This option,
and an option that retains the existing zones and provisions are assessed within a
section 32 framework; and

b. The impact on potential housing supply that would result from applying the AAOCB as
a qualifying matter.

These matters are addressed in the Part B assessment below.
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PART B SECTION 77K ASSESSMENT

Introduction

Section 77K(1) of the RMA establishes a process for considering existing qualifying matters.

An existing qualifying matter is described in section 77K(3) as a qualifying matter referred to

in section 77I(a) to (i) that is operative in the relevant district plan. Relevant to this issue, this

includes®®:

(e)  amatter required for the purpose of ensuring the safe or efficient operation of nationally
significant infrastructure

The term nationally significant infrastructure is not defined in the RMA, but is defined in the
NPS UD’, as follows:

any airport (but not its ancillary commercial activities) used for regular air transport services
by aeroplanes capable of carrying more than 30 passengers

Section 771 allows the territorial authority to make the MDRS and the relevant building height
or density standards less enabling within a relevant residential zone where a qualifying matter
is present.

The alternate process for existing qualifying matters prescribed under section 77K(1) requires

the territorial authority to:

(a) identify by location (for example, by mapping) where an existing qualifying matter
applies:

(b)  specify the alternative density standards proposed for those areas identified under
paragraph (a):

(c) identify in the report prepared under section 32 why the territorial authority considers
that 1 or more existing qualifying matters apply to those areas identified under
paragraph (a):

(d)  describe in general terms for a typical site in those areas identified under paragraph
(a) the level of development that would be prevented by accommodating the
qualifying matter, in comparison with the level of development that would have been
permitted by the MDRS and policy 3

The following sections address these matters.
Section 77K(1)(a) - Identify by location where an existing qualifying matter applies

A map attached as Appendix One shows the spatial extent of the AAOCB. Within a residential
zoning context, the contours extend over land proposed to be zoned medium density
residential. The proposed medium density residential zone will replace land currently zoned
residential medium density, residential new neighbourhood, residential suburban, and
residential suburban density transition within the operative District Plan.

Section 77K(1)(b) — Specify the alternate density standards proposed for those areas
Itis proposed that there should be no change to the density standards set out in the operative

District Plan for the existing residential zones within the AAOCB (including the retention of the
current notification requirement for proposals that exceed the permitted and controlled

56 And in section 3.32(1)(c) NPSUD
57 NPS UD — Section 1.4 Interpretation
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activity standards). The density enabled in those locations should remain as it is in the
operative Plan, and should not increase in line with MDRS.

The District Plan density standards enable a reasonable level of development on sites which
have historically been zoned for residential land use, but which fall within the 50 dB Ldn
contour. It would not be appropriate to increase the existing residential density in these
locations for the reasons outlined in the Part A assessment.

Section 77K(1)(c) — Identify in a section 32 report why the qualifying matter applies

Appendix Eight contains a section 32 assessment (‘the s32 report’). The key finding of the s32
report is that the proposal to provide for the airport noise qualifying matter by amending
MDRS provisions on land within the AAOCB is the most appropriate objective for achieving
the purpose of the RMA as it:

a. is necessary to accommodate a valid qualifying matter in respect of s77I(e);

b. does not unreasonably frustrate the Council’s implementation of its obligations under
the NPSUD, RPS and in turn, the purpose of the Act and the intent of recent
amendments to the Act to improve housing supply and enable residential
intensification; and

c. best aligns with the existing District Plan policy framework relating to health, amenity
and Airport operational outcomes, which PC14 does not propose to alter.

Further, having settled the above, the s32 report considers the relative advantages and

disadvantages of:

a. retaining the current residential zoning and related provisions applying to land beneath
the AAOCB; or

b. ‘rehousing’ land beneath the AAOCB within Medium and Residential Zones.

In this respect the s32 report finds that option a. above is the most appropriate means of

implementing the objective associated with the proposal, as it:

a. involves the least degree of change to the current zoning and planning framework; and

b. consequently, entails the least risk of unintended consequences or errors (e.g.,
anomalies) arising.

Consequential to the above, proposed Plan Change 14 should include alterations to the MDRS
to accommodate the airport noise qualifying matter, with the existing zonings beneath the
AAOCB, and with the operative density standards, development controls and policy
frameworks remaining in place. Specifically, this should include the following provisions of
the District Plan:

a. Strategic Objectives 3.3.1, 3.3.4, 3.3.7,3.3.12 and 3.3.14;

Objective 6.1.2.1 and Policies 6.1.2.1.1 and 6.1.2.1.5;

Objective 7.2.1 and Policy 7.2.1.8;

Objective 7.2.2 and Policies 7.2.2.1 and 7.2.2.3;

Objective 8.2.3 and Policy 8.2.3.5, and the relevant subdivision standards for the RS,
RSDT and RNN zones;

Objective 14.2.1 and Policy 14.2.1.1;

Objective 14.2.2 and Policy 14.2.2.2;

Objective 14.2.3 and Policy 14.2.3.1;

Objective 14.2.4 and Policies 14.2.4.1 and 14.2.4.2;

Objective 15.2.4 and Policy 15.2.4.5;

Rules 6.1.7.1 and 6.1.7.2; and

®m oo o

~T T o o
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Rules 14.4.1.4 RD34 and 14.12.1.3 RD26, and the relevant permitted and controlled
activity standards applicable in Residential Suburban, Residential Suburban Density
Transition, and Residential New Neighbourhood zones.

In addition, it will also be necessary to:

a. Delineate the AAOCB on the relevant zones in the Planning Maps to show the extent
of the qualifying matters in the District; and
b. include an additional non-complying activity rule for sensitive activities within the new

Commercial Mixed-Use zone beneath the AAOCB (Memorial Avenue).

50 v 55 Contours

Following the preparation of the s32 report, further consideration has also been given to
whether, in principle, the 50 dB metric should continue to be used, or whether a change to a
55 dB contour is appropriate. Such an assessment does not fit neatly within a s32 assessment,
as no change is proposed to the concept of retaining a 50 dB contour within the District Plan.
Moreover, no changes are proposed to the policy framework or the rule provisions that relate
to the contour. Rather, the issue that this report assesses is whether the remodelled contour
should be a qualifying matter.

That said, given that it is proposed to include the AAOCB as the qualifying matter, rather than
the 50 dB noise contour that presently exists within the District Plan, it is appropriate to assess
from a planning perspective whether the 50 dB contour (the AAOCB) will achieve the preferred
objective evaluated and adopted in section 6 of the attached s32 report (Appendix Eight);
being:

To achieve a balance in enabling housing supply and residential intensification, while
protecting strategic infrastructure including the Airport from reverse sensitivity effects, and
maintaining the health, safety and amenity of residents, through the imposition of the
remodelled AAOCB as a qualifying matter over areas subject to MDRS provisions.

The purpose of an air noise contour is to

a. ensure people are protected from establishing sensitive land uses in areas that are
exposed to levels of aircraft noise which might disturb them or affect their quality of life
resulting in adverse amenity and health outcomes; and

b. protect the Airport from reverse sensitivity effects, enabling airport operations to
continue to support and benefit communities.

Given this effects focus, the preceding assessments of MDA and Airbiz are particularly relevant
in determining which metric best achieves the above outcomes.

MDA promote the use of a 50dB Contour (and related provisions) as the most effective and
efficient planning tool and note:
a. Airport operations create unavoidable noise;
b. Community response to aircraft noise is a “grey scale” and that annoyance does not
start or stop at a specified noise level (or contour boundary);
C. Research confirms:
. high annoyance rates for communities between 50 and 55dB Ldn, and that the
latest research confirms the rates are increasing; and
° the latest overseas studies confirm that community tolerance to aircraft noise is
likely reducing, not increasing;

Page | 45



175.

176.

177.

178.

179.

180.

181.

d. If land is available elsewhere for new residential (or other sensitive activities)
development or intensification, this should be preferred to land within the 50 Ldn
contour; and

e. Specifying sound insulation for activities between the 50 and 55 contour will not
eliminate all the adverse effects of noise, due to open windows and an unsatisfactory
noise environment.

From a review of the Airbiz international case studies, and their own review of Auckland,
Wellington and Queenstown Airports, MDA argue that there is no validity in the argument
that other airports do not use 50 dB for planning controls so why should Christchurch. The key
reasons for this position are:

a. Other airports have failed to implement adequate planning controls; and

b. As a result, a large number have operational restrictions.

From a broader perspective, MDA also note that the District Plan sets the residential zone
noise limits as 50 dB Laeq daytime and 40 dB Laeq Night-time®®, This gives an indication of what
local Councils view as a reasonable ‘receiving noise level’ for the protection for residential
amenity in the wider Christchurch context. On this basis, as it is reasonable that residential
uses should be protected to a level of 50 dB Lsn from general noise sources, it is therefore
equally reasonable that residential uses should not be allowed to establish next to an existing
noisy activity (such as an airport) at levels higher than 50 dB Lgn.

Overall, it would not be sensible to relax the planning controls to enable residential
intensification in closer proximity to the Airport (for example, by setting the OCB to 55 dB Lgn)
when the level of annoyance is trending the other way.

The Airbiz report also highlights case studies which show:

a. significant proportions of populations consider themselves highly or moderately
annoyed at exposure levels below 55 Ldn;

b. Whatever the metric selected and the position of a noise contour for planning purposes,
there are linkages between urban encroachment and pressures to mitigate actual or
perceived, current or future aircraft noise impacts through operational restrictions; and

c. No cases were found where regulatory authorities relaxed protection in terms of an
OCB equivalent level(e.g. reducing an OCB from 50 to 55Ldn).

In summary, Airbiz conclude that:

A relaxation of the CIA OCB from 50dBA Ldn to 55dBA Ldn would provide a framework to
enable new noise sensitive activity such as residential, schools, hospitals etc to be developed
closer to Christchurch Airport. The risk of negative amenity impacts on those new occupants,
and reverse sensitivities then impacting airport operations and efficiency is real. This risk is
demonstrated by global examples documented in previous sections of this report.

Adopting a 55dB contour, with no planning controls in the 50 to 55 space, would lead to poor
environmental outcomes for sensitive activities in those locations. On balance, and from a
noise amenity perspective alone, it is essential to retain a 50 dB contour.

It is notable also, that the application of a 50 dB contour is entirely aligned with the existing
policy framework of the CRPS and the Christchurch District Plan as assessed earlier in this
report.

58 MDA state that these controls are effectively the same as 50 dB Lan.

Page | 46



182. It needs to be recognised, however, that the application of a 50dB contour places constraints
on development over a larger spatial area, compared to the 55dB contour. The rules in the
District Plan, however, strike a reasonable balance between development opportunity and
effects outcomes. This is because within a residential context, for example, the RDA rules>®
are only triggered when a residential activity is not a permitted or controlled activity, or when
certain other specified sensitive activities are proposed. In addition, from a housing capacity
perspective, it is clear from the Colliers report (Appendix Nine) that sufficient capacity will
exist, despite the application of the 50 dB contour as a qualifying matter.

183. The Airbiz report (Appendix Two) outlines the risks to Airport operations from poor planning
controls and inadequate safeguarding. The Property Economics report highlights the
economic value of the Airport’s operations, the contribution it makes to the South Island GDP
and the potential loss of economic activity and downstream employment opportunities should
operational constraints apply as a result of community annoyance levels. The evidence
demonstrates that the risk of such outcomes is reduced through the retention of a 50 dB
contour as the outer control boundary.

184. In summary, and from a s32 perspective, the retention of a 50 dB contour:

a. Has direct environmental, economic and social benefits. There are no cultural benefits;

b. Has minimal economic and social costs, given the largely permissive rule framework
attached to the contour and the findings of the housing capacity study. It should be
noted, however, that there are potentially significant environmental, social and
economic costs should the 50 dB contour be removed. There are no cultural costs;

c. Is effective as it will ensure that the protection of the Airport from reverse sensitivity
effects, and the maintenance of the health, safety and amenity of residents will
continue to be achieved; and

d. Is efficient given that the benefits will far outweigh the costs. In addition, the relevant
District Plan provisions will remain intact.

185.  Section 32(2) requires an assessment of the risk of acting or not acting if “there is uncertain
or insufficient information about the subject matter of the provisions”. Given the lengthy
history of the planning provisions relating to Airport contours, the recent IHP examination of
these issues, the substance of the remodelling exercise and supporting reports and
assessments, and the assessments and investigations supporting this analysis, it is considered
that there is certain and sufficient information on which to act.

186.  Overall, it is considered that the proposal to retain 50dB as the outer control boundary is the
most appropriate method for achieving the objectives and policies of the District Plan and the
objective stated in paragraph 171 above. Moreover, the benefits will outweigh the costs.
Given this, the proposal will achieve the purpose of the RMA.

Section 77K(1)(d) - Describe in general terms the level of development that be
prevented by accommodating the qualifying matter

187.  For the relevant residential zones, the operative Christchurch District Plan provides for
(generally speaking) a single residential unit per lot (with some limited ability to convert
existing houses into two units in certain circumstances), and an additional minor residential
unit on a site with a single residential unit. The maximum height standards are 8m and

59 for example, RD34 in the RS and RSDT zone
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188.

189.

190.

191.

192.

193.

maximum site coverage is 35%. There are also minimum lot sizes of 450m? (Residential
Suburban zone) and 330m? (Residential Suburban Density Transition), and as mentioned
requirements to notify CIAL where breach of built form standards triggers the need for
consent®.

Therefore, the level of development theoretically prevented by accommodating Air Noise
Contours as a qualifying matter can be understood as, approximately:

a. 1 fewer residential unit per site (accounting for the present ability to establish both a
residential unit and minor residential unit per site);

b. 1 fewer storey on each residential unit, and more size restrictions applicable to minor
residential units; and

c. 15% less site coverage allowed.

For completeness, it is not realistic to assume for the purpose of this assessment that every
RS or RSDT zoned site within the Air Noise Contours would take up the opportunity to develop
to the extent enabled through the MDRS. Many sites in residential zones have been recently
re-developed and contain newly built dwellings that are unlikely to be further modified or re-
built in line with MDRS. Some sites may contain additional practical constraints which limit
the ability to take up MDRS.

Viewed as a proportion of the whole area of residentially zoned land in Christchurch City, the
area covered by the AAOCB is comparatively small. It is appropriate to maintain less enabling
density standards for this limited area to protect airport operations and avoid unreasonable
amenity outcomes.

In order to quantify this, Colliers have prepared a report (Appendix Nine) assessing the impact
on development capacity as a result of the increased spatial area occupied by the remodelled
Outer Envelope (OE) contour. It is essential to note that this assessment uses the OE, rather
than the AAOCB. Given that the AAOCB is spatially less extensive that the OE, conclusions
drawn in the Colliers report will overestimate the impact on housing capacity.

As part of Colliers’ assessments, they reviewed The Property Group (TPG) report®! prepared
for the Christchurch City Council which assessed theoretical and feasible development
capacity arising from the application of the MDRS. The purpose of TPG’s feasibility assessment
was to place a real-world lens on development potential, rather than simply relying on a Plan
enabled analysis. As part of this assessment, TPG correctly identified where development
constraints may exist and excluded them from the capacity analysis. This included “noise
boundaries” and areas “within flight path restrictions...given in the Operative District Plan”®?,
This is assumed to be the operative Air Noise Contours. It is notable that the number of
exclusions within the feasible development capacity assessment is extensive and thus it is
possible to conclude that a high degree of confidence can be applied to the TPG assessment
when compared to the theoretical Plan enabled assessment. That said, it is important to note
that Colliers have commented that a more detailed analysis of the Avonhead/llam,
Burnside/Russley and Bush Inn/llam areas could reveal an increase in capacity.

Overall, TPG assessed the feasible development capacity at 58,188 dwellings. In Colliers’ view
this represents an adequate housing capacity.

0 Noting that there are some variations on this for the RNN and RMD zones which are to be rezoned RMD
51 New Medium Density Residential Standards (MDRS) — Assessment of Housing Enabled dated January 2022
52 TPG report page 30
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194. Colliers took this work one step further to account for the OE, including the area that is
proposed to be rezoned High Density Residential. In their assessment, the inclusion of the
additional residential land under the remodelled contours as a qualifying matter would reduce
the feasible development capacity by some 4000 households. Noting this reduction, Colliers
concluded that it was relatively minor, and that the remaining capacity was “adequate when
considered in the conjunction with the housing capacity in zoned greenfield areas of the
city.”®3

195.  While this reduces TPG’s estimate feasible development capacity to something in the order of
54,000 dwellings, this only represents a 7% reduction in feasible capacity. As noted above,
however, the Colliers assessment was based on the larger OE contour rather than the AAOCB
and, as a consequence, the reduction in feasible capacity will be less than 7%. Given this,
Colliers conclusions with respect to the adequacy of the housing capacity remains valid.

196.  Also, while it is arguable that any reduction in development opportunities resulting from the
application of the AAOCB as a qualifying matter is potentially undesirable, it is essential to
consider two matters:

a. the legislation deliberately and purposefully provides for qualifying matters and thus
recognises there will be circumstances where the development potential of the MDRS
can not and ought not be realised; and

b. it is clear, for all the reasons outlined in the Part A assessment above, and in the section
32 assessment (Appendix Eight), that such circumstances exist here.

83 Colliers report, page 5
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197.

198.

Prepared by:

Darryl Millar

PART C: RECOMMENDATIONS

Given the above, it is recommended that proposed Plan Change 14 should include alterations
to the MDRS to accommodate the airport noise qualifying matter, with the existing zonings
beneath the AAOCB, and with the operative density standards, development controls and
policy frameworks remaining in place. Specifically, this should include the following provisions
of the District Plan:

i

ii.
iii.
iv.
V.
Vi.
vii.
viii.

Xi.
xii.

Strategic Objectives 3.3.1, 3.3.4, 3.3.7,3.3.12 and 3.3.14;

Objective 6.1.2.1 and Policies 6.1.2.1.1 and 6.1.2.1.5;

Objective 7.2.1 and Policy 7.2.1.8;

Objective 7.2.2 and Policies 7.2.2.1 and 7.2.2.3;

Objective 8.2.3 and Policy 8.2.3.5, and the relevant subdivision standards for the RS,
RSDT and RNN zones;

Objective 14.2.1 and Policy 14.2.1.1;

Objective 14.2.2 and Policy 14.2.2.2;

Objective 14.2.3 and Policy 14.2.3.1;

Objective 14.2.4 and Policies 14.2.4.1 and 14.2.4.2;

Objective 15.2.4 and Policy 15.2.4.5;

Rules 6.1.7.1 and 6.1.7.2; and

Rules 14.4.1.4 RD34 and 14.12.1.3 RD26, and the relevant permitted and controlled
activity standards applicable in Residential Suburban, Residential Suburban Density
Transition, and Residential New Neighbourhood zones.

In addition, it will also be necessary to:

a.

b.

Delineate the AAOCB on the relevant zones in the Planning Maps to show the extent
of the qualifying matter in the District; and

include an additional non-complying activity rule for sensitive activities within the new
Commercial Mixed-Use zone beneath the AAOCB (Memorial Avenue).

Principal Planner and Director

Resource Management Group Limited
PO Box 908 Christchurch Box Lobby
CHRISTCHURCH 8140

Email:

Telephone:

darryl@rmgroup.co.nz
027 229 5555
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Appendix One: AAOCB Contour

Appendix Two: Airbiz Report — Airport Operations and Safeguarding

Appendix Three: Paling Consulting Report — Freight Tends

Appendix Four: Property Economics Report — Economic Significance and Vulnerability
Appendix Five: Marshall Day Acoustics Report — Noise Effects

Appendix Six: Marshall Day Acoustics Report — Land Use Planning

Appendix Seven: Caselaw Extracts

Appendix Eight: Section 32 Report

Appendix Nine: Colliers Report
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1. Christchurch International Airport Limited (CIAL) is currently undertaking a review and
update of the Christchurch International Airport (CIA) air noise contours which were last
updated in 2008.

2. As part of this process Environment Canterbury (ECan) are peer reviewing the proposed
updated contours, which were prepared by a group of independent noise and aviation
experts.! In addition, ECan is undertaking a specific review of the basis for the Outer Control
Boundary (OCB).

3. As will be explained in more detail in the following sections, all around the developed world,
land use planning in the vicinity of airports is an essential tool to ensure compatibility with
exposure from aircraft noise on arrival and departure from the runways. Land development
outside the airport boundary is not prohibited, but zoning recommendations and regulations
protect amenity values accordingly. For example, land in the vicinity of airports may be
zoned for uses such as industrial and commercial (less sensitive to aircraft noise) more so
than residential, hospitals, schools (more sensitive to high levels of exposure from aircraft
noise).

4. Internationally the generic planning regime relies on a “noise-dose” response curve,
correlating exposure to increased levels of aircraft noise with increased annoyance. In the
New Zealand context this is described and regulated based on the New Zealand Standard
NZS 6805, which defines two boundaries based on projected cumulative average daily noise
exposure levels (in New Zealand based on the Ldn metric). The first boundary which relates
to limiting residential and similar noise sensitive development is called the Outer Control
Boundary (OCB). The other, closer to the runways and with higher levels of noise exposure,
is the Air Noise Boundary (ANB) which is also used to check airport compliance.

5. The OCBis a key tool in airport safeguarding, providing land use protection from
‘incompatible land uses” around an airport, such as ‘new residential, schools, hospitals or
other sensitive uses’. For Christchurch Airport, the OCB is set at 50dB Ldn. We understand
that the policy underpinning this is a specific focus of the OCB review by ECan.

6. The New Zealand Airport Noise Management and Land Use Planning Standard NZS 6805
provides recommendations for the ‘minimum requirement needed to protect people from
the adverse effect of airport noise’* and defines a minimum requirement for an OCB at 55dB
Ldn”.

7. It goes on to note that ‘a local authority may determine that a higher level of protection is
required in a particular locality’ and ‘This Standard shall not be used as a mechanism for
downgrading existing or future noise controls designed to ensure a high standard of
environmental health and amenity values”.

1 Including representatives from Marshall Day Acoustics, Airbiz and Airways.
2 NZS6805-1992 Airport Noise Management and Land Use Planning



Final (Legally Privileged) 14/06/2022

8.

10.

11.

12.

13.

CIA’s OCB at 50dB Ldn currently provides a higher level of protection for the community and
airport operations than the minimum level noted in NZS 6805 of 55dB Ldn.

A change to the basis of the OCB from 50dB Ldn to 55dB Ldn around Christchurch Airport
would effectively shift the OCB closer to the airport campus and provide opportunities for
new noise sensitive uses such as residential, schools or hospitals to be exposed to levels of
aircraft noise that they are currently protected from. This would downgrade existing
protection to the minimum level recommended and reduce airport land-use protections or
safeguards.

As well as exposing communities to additional aircraft noise, reduced land-use protection
often results in reverse sensitivity issues that can impact the ability to operate an airport

efficiently, often leading to operating restrictions at the airport and significant impacts on
airport users and the communities they serve.

To specifically highlight this risk, this report includes an explanation of how the potential loss
of existing levels of land-use protection could lead to restrictions on the airport, a reduced
ability to operate the airport efficiently and negative impacts on existing operations.

In addition, this report examines international examples of approaches to land-use
protection in the vicinity of airports and considers how, when these have not been
implemented appropriately, they have resulted in constraints to airport operations.

This report sets out:
1. Airport Safeguarding Principles
2. ICAO Balanced Approach to Aircraft Noise: ICAOs recommended approach to noise
management around airports.
3. Approaches to Land-Use Planning and Management Safeguards: a brief survey of
the variety of Land Use Controls in use internationally.
4. General Consequence of Inadequate Land use Protection
CIA Importance and Potential Impacts of Relaxed Protection
6. Appendix — Case Studies.

g
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14.

15.

16.

17.

Safeguarding an airport and its operations is critical to protect its current and future ability
to function efficiently and competitively, and to enable it to continue to serve local and
national roles as essential transport infrastructure connecting communities.

Urban development encroachment into areas required for airport safeguarding is a “lose-
lose” situation (for the airport and community it serves) and is irreversible. It is very
expensive, if not impossible, to recover land for safeguarding purposes once it has been
developed for urban purposes. A consistent conservative long-term approach is therefore
justified and essential.

Inadequate protection can, and will often, lead to the creation of reverse sensitivity issues
and constraints on air services operations, capacity and creation of hazards which could
pose a risk to operational safety. Carefully considered and appropriate land-use planning is
the most effective means to protect the airport and the community against adverse impacts.
The New Zealand National Airspace Policy 2012 notes :

“To avoid or mitigate incompatible land uses or activities and potential obstacles or hazards that will
impact, or have the potential to impact on the safe and efficient operation of aircraft, regional and
district plans should have regard to applicable Civil Aviation Rules. Airport authorities and local
authorities should work together in a strategic, cooperative and integrated way to ensure that planning
documents (including those under the Resource Management Act) appropriately reflect the required
noise contours and/or controls and approach and departure paths that take account of current and
projected traffic flows.

Resource Management Act planning tools (including plan rules and designations) should as far as
practicable seek to avoid the establishment of land uses or activities and potential obstacles or
hazards that are incompatible with aerodrome operations or create adverse effects.”

The New Zealand Airports Association (NZ Airports) is the industry association for New
Zealand’s airports. It represents the national network of 42 airports. In its 14 February 2020
submission on the Urban Development Bill' NZ Airports notes:

“Most airports in New Zealand rely heavily on district planning controls around airports to avoid or
manage adverse effects on their operations due to incompatible (e.g. sensitive) activities locating in
proximity to airports...... It is critical that the effects areas surrounding many of New Zealand's airports are
well understood and maintained and their effectiveness is not undermined through inappropriate
development. The location of urban development within airports’ effects areas without due
consideration to the potential effects of such development on airports, and vice versa, has the potential
to undermine the protections these areas provide for ongoing airport operations.”

18. NZ Airports has adopted the Airport Master Planning Good Practice Guide February 2017"

which sets out good practice guidelines for development of airport master plans. This was
developed in conjunction with the Australian Airports Association (AAA) and uses the
Australian National Airports Safeguarding Framework to inform it. Section 3.2 - Off Airport
Planning Objectives, notes that:

“Off-airport planning is often an area overlooked or inadequately addressed by airport Master Plans.

Nevertheless this is a critical issue for the long term safeguarding of any airport and it should be
addressed.
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19.

20.

21.

22.

23.

It goes on to note:

“Outside the airport site, appropriate planning controls should be in place to protect the ongoing
operation of the airport. ...Local Government is not necessarily aware of the importance to the air
transport network (and consequently national and regional economies) of safeguarding airports to enable
them to meet current and future capacity requirements. It is therefore imperative that airports work with
Local Government to provide the basis for safeqguarding the ongoing capacity of the airport.”

Relaxation of existing airport safeguards, or insufficient safeguarding itself, can lead to
‘reverse sensitivities’ where effected populations lobby to restrict current or future
operations at the airport.

Christchurch Airport, through consistent long term protection by planning authorities, has
limited urban encroachment within areas that may be impacted by aircraft noise. Compared
with the other primary New Zealand airports of Auckland and Wellington, there is very little
conflicting land-use. The number of people within current and projected noise impacted
areas in Christchurch is low when compared to these and other similar airports overseas.

To ensure that CIA’s primary purpose as an important economic and community asset and
that the amenity of the residents of Christchurch, Selwyn and Waimakariri is preserved, it is
vital that long-term land use planning in the vicinity does not compromise CIA or the
community. Any loosening or gap in airport safeguarding through deficiencies or relaxation
of land-use controls will be irreversible. It will result in populations living in areas affected by
noise from aircraft operations, or alternatively potential pressure for restrictions on airport
operations and prejudice regional and national economic opportunities.

While there is pressure on Local Government to find areas for further development of new
residential, schools, hospitals etc., the clear preference is to locate development outside of
those neighbourhoods directly under flight paths. If development was permitted in those
locations it would expose these sensitive populations to aircraft noise impacts.



Final (Legally Privileged) 14/06/2022

24. The United Nations agency setting international policy and regulation for civil aviation is the
International Civil Aviation Organisation (/CAO), to which New Zealand is a signatory state.
The main overarching ICAO policy on aircraft noise is the Balanced Approach to Aircraft
Noise Management. It consists of four principal elements (pillars). The goal is to address
local noise issues and identify the measures that most cost effectively achieve the maximum
environmental benefit.

25. The four pillars of the balanced approach are:

a.

b.
c.
d

Reduction of Noise at Source (Technology Standards);
Land-Use Planning and Management;

Noise Abatement Operational Procedures; and
Operating Restrictions.

26. The four pillars are summarised below with the author’s added commentary indicating their
relative severity on airport operations if not implemented properly:

ICAO Balanced
Approach
Pillar

Reduction of
Noise at the
Source

Land-Use
Planning and
Management

Noise
Abatement
Operating
Procedures

Operating
Restrictions

Table 1

Potential
Significance of
Impact on Airport
Operations

Pillar Role and Process

Technology-driven and dependant on airlines introduction of new technologies. Low

Pro-active safeguarding of the airport and community in order to have the most
significant and lasting benefits over the long term. It is important to prevent
sensitive areas against the adverse impacts of aircraft noise through land use
controls around the airport, despite changes in operations/growth.

Compatible land-use planning and management is also a vital instrument in
ensuring that the gains achieved by the reduced noise of the latest generation of Med
aircraft are not offset by further residential development around airports 3

Reactive mitigation of aircraft noise impacts through the modification of
operating procedures to minimize aircraft noise over residential areas.

The final remedy if the other measures are not effective or not available. May
include curfews, caps or other restrictions. These almost inevitably restrict
capacity and airline connectivity options. Restrictions can be self-imposed or be
the result of community/political pressure forcing regulatory restrictions.

High

3 https://www.icao.int/environmental-protection/pages/Land-use-Planning-and-Management-.aspx

5
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27.

28.

29.

30.

31.

32.

33.

ICAO notes that:

“it was important to consider equally all of these elements, and they agreed to the principle
that operating restrictions should not be applied as a first resort, but only after consideration
of the benefits to be gained from other elements in a manner that is consistent with the
Balanced Approach” *

Airbiz professional experience supports the ICAO statement, as impacts on airport
operations are expected to be greater when using the Noise Abatement Operational
Procedures and/or Operating Restrictions pillars. Therefore, potential noise impacts on
communities in the vicinity of airports should be avoided by Reduction of Noise at Source
and then Land-use Planning and Management pillars, before moving to Noise Abatement
Operating Procedures or Operating Restrictions to mitigate residual impacts.

Where the first two pillars fail to deliver adequate safeguarding and community amenity
values are compromised, reverse sensitivity issues may require that the other pillars are
brought into play, with resulting limitations on airport operations and efficiency.

To be more specific, where long-term Land-Use Planning and Management fails to limit
residential or similar sensitive uses in areas of highest aircraft noise exposure, then Noise
Abatement Operational Procedures will inevitably need to be investigated and implemented
where feasible. Examples include preferential runway modes and rotation of flight path
usage to provide respite or “share the noise”.

The “last line of defence” relies on Operating Restrictions at an airport which can include:

e Limits on the type of aircraft operating

e Quotas for overall aircraft movements or for aircraft particular types, or for night
movements

e Curfews.

Operating Restrictions should be considered as a “last resort” as they will have the most
significant impact on airport efficiency, capacity and flexibility of airlines to schedule flights
to meet demand and fit in with global networks, with an economic and financial cost to
various stakeholders and the travelling public.

The OCB regulatory framework described in the New Zealand Standard NZS 6805 fits into
the Land-Use Planning and Management pillar. It can be considered as “prevention is better
than cure”. Currently, through appropriate use of this pillar in the OCB context, CIA has not
had to resort to significant Noise Abatement Operating Procedures or Operating
Restrictions. Although there are procedures in place to manage noise for cross-wind runway
operations. CIAL is also required to ensure aircraft noise is complies with the noise limits set
in the District Plan(s) related to the Air Noise Boundary (ANB) through and annual reporting
process.

4 Guidance on the Balanced Approach to Aircraft Noise Management, Second Edition, 2008, International Civil
Aviation Organisation (ICAO)
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34.

35.

36.

37.

38.

Subsequent sections of this report illustrate the impacts of failing to provide adequate Land-
Use Planning and Management safeguards (pillar 2) around an airport. They show how the
mitigation of resulting reverse sensitivity impacts must then rely on the last two pillars,
Operational Procedures to Mitigate Noise and/or Operating Restrictions, with associated
negative impacts on an airport and the community and economy it serves.

The accepted method to develop Land-Use Planning and Management safeguards around an
airport is to use noise contours, such as an Outer Control Boundary (OCB, the 55dB Ldn
contour at a minimum, in New Zealand), or a Noise Exposure Forecast (ANEF 20 in Australia)
to prevent noise sensitive uses such as residential developments and other sensitive-uses
i.e. age-care centres, schools, hospitals, locating in areas adversely affected by aircraft noise.

The specific metrics used to define similar boundaries may vary around the world, but are
typically based on a correlation between:

a cumulative aircraft noise exposure level;

b. the proportion of the community likely to be annoyed by the aircraft noise (noise-
dose response curves); and

c. level of annoyance (moderately or seriously affected).

o

Some provincial governments in Canada have their own land use planning instruments to
manage development around an airport, such as an Airport Operational Area (AOA) and
Airport Vicinity Protection Area (AVPA) for safeguarding like the OCB in New Zealand.

These various controls are discussed in the following section.
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39.

40.

41.

42.

43.

44,

Aircraft noise related land-use safeguards, such as an OCB, are determined based on noise
exposure metrics which correlate noise exposure to a self-reported level of annoyance or
response from the community (moderately or seriously affected).

The mathematical calculation of noise exposure metrics vary but the compatible land use

tables used to guide zoning are then correlated with community annoyance (at the societal

rather than the individual level, based on literature or, where available, local surveys).

Assumptions that determine the extent of the area within land-use planning control

boundaries include:

e Definition of a demand design day (e.g. average, 95" percentile, average of the 3 busiest
months, etc).

e Definition of a night movement (7pm-7am, 10pm-7am, 11pm-7am, etc.).

o Definition of a night movement weighting factor (10 dB, 12 dB, etc.). Further explanation
is included in Table 2 on the following page.

e The air traffic forecast horizon (10 or 20 years, or airport/runway capacity).

Noise exposure contours used to limit residential and other sensitive uses such as schools,
hospitals etc. in the vicinity of an airport vary in different jurisdictions — there is no universal
contour or metric. However, the general principle of protecting the community from the
adverse effects of aircraft noise and the airport from reverse sensitivity issues is a common
goal. For example, in Australia the contour used to limit residential developments is the 20
ANEF and in Canada the 30 NEF is used.

Other noise metrics are used around the world for transparent communication with the
community, and complement cumulative noise exposure contours which are generally
adopted to support land-use planning compatibility tables. Other metrics include single
event noise contours (SEL, LAmax) which have been used to research sleep disturbance, and
‘number-above’ (e.g. N70) contours to reflect the annoyance that may be associated with
the number of perceptible noise events rather than the cumulative noise level of those
events. This is now becoming more generally accepted to inform individuals in
environmental studies (including evaluation of flight path changes) as they experience noise,
rather than the more technically complex, community aggregated response, which guide
land use policy decisions.

Whatever the metric used, noise does not stop at the contour boundary. There will still be
significant numbers of individuals who will consider themselves annoyed, even at lower
levels of noise exposure. Other acoustic and non-acoustic factors will influence how an
individual will react to aircraft noise from individual and multiple events, during the day and
at night.

Some airports have developed land-use planning controls based on a composite (i.e. worst
case) of multiple operational scenarios and a combination of metrics (daytime cumulative,
night-time cumulative etc.) to ensure future growth of airport operations is accounted for.

8
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Examples of this are Melbourne and Perth which are protecting for future enhancements
such as new or extended runways.

45. In New Zealand, as described in NZS6805-1992, the OCB is based on:
e Average demand of the 3 consecutive busiest months (“or other such period as agreed
between the operator and the local authority”);

e Ldn metric using night weighting factor of 10 dB for movements between 11pm and
7am; and

e Composite of Ldn contours with a SEL single-event contour for the infrequent use of a
critical aircraft or pattern, especially at night.

46. A comparison of New Zealand’s OCB to other residential land-use controls around the world
is provided below.

Metric Region/Airport
Nz AUS CAD VIE AMS
Control OCB (55dB, 20 ANEF 30 NEF 54 dB(A) Lday | 48 dB(A) Lden
IR s Ldn) 45 dB(A) Lnight | 40 dB(A) Lnight
residential
development
Demand Day Average Average Day 95t percentile Average Day Average Day
demand of the day for the year based on based on
3 consecutive busiest 6 cumulative
busiest months months annual traffic
Night 11pm to 7am 7pmto 7am 10pm to 7am 10pm to 6am® 7pmto 11 pm
Movement (Evening)
1lpmto 7 am
(Night)
Night 10dB x4, or X16.7, or n/a 5 dB — evening
Movement 6dB 12.2 dB 10 dB - night
weighting
Other Factors SEL single- Use of N65 contours Cap based on
event contour Composite number of
for the contours people living
infrequent use within contours
of a critical
aircraft

Table 2

47. The commonality across all metrics in Table 2 is that they all use an equal energy/cumulative
type metric averaged over a period (busy day, average day etc.), with a night weighting to

account for increased sensitivity at night and sleep disturbance.

5 https://www.dialogforum.at/jart/prj3/df/uploads/data-uploads/Publikationen/ergebnisse_eng_lo.pdf

9
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48.

49.

50.

51.

52.

53.

54.

Prudent land use planning in Christchurch has achieved a level of safeguarding of community
amenity that would be the envy of other similar urban and lifestyle communities. It has also
safeguarded future operations of Christchurch Airport for the benefit of the community that
it serves. Throughout New Zealand the OCB is generally at the 55 Ldn, as also mentioned in
the New Zealand standard® (1.1.4). The Standard does allow for greater levels of protection,
but this only seems to have been achieved at Christchurch. Internationally the equivalents of
the OCB are at levels higher than Ldn 50 equivalent. This does not mean that in these
jurisdictions a higher level of protection of community amenity would not be desirable.

Literature reviews of noise-dose response research and surveys show that there are still
significant proportions of a population near airport flight paths that consider themselves
high or moderately annoyed at exposure levels below 55 Ldn. This is discussed in the
Marshall Day Acoustics ‘Christchurch International Airport Land Use Planning’ report dated
23 May 2022.

Generally, with increased affluence and environmental awareness at the societal level,
communities continue to increase their amenity expectations even if land use controls have
not or cannot be implemented post-facto at lower levels, or where this cannot be achieved
due to political pressure for expansion of urban areas around growing cities.

The case studies demonstrate that, whatever the actual metric selected and the position of a
noise contour for planning purposes, there are linkages between urban encroachment and
pressures to mitigate actual or perceived, current or future aircraft noise impacts through
operational restrictions.

No cases were found where regulatory authorities relax protection in terms of an OCB
equivalent level. Shrinkage of contours does occur due to periodic update of modelling of
noise boundaries due to introduction of quieter aircraft (Brisbane) or flight paths (Calgary),
but subsequent urban encroachment has clearly shown increased pressure for airport
operational restrictions.

Inadequate land use protection in the vicinity of an airport, or the relaxation of existing
controls, enables noise sensitive uses and urban development/intensification to encroach
under flight paths, with associated reverse sensitivity risks to the airport.

To illustrate this risk, we have reviewed several international airports below where land use
controls have proved ineffective and identified the consequences. Full case studies are
included in the Appendix, and summaries of the case studies are discussed throughout the
section below where relevant.

6 NZS 6805-1992 Airport Noise Management and Land Use Planning
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55. At Melbourne Airport, the late introduction of appropriate safeguards allowed urban
encroachment around what was originally developed as a new “greenfield” airport. This
encroachment has resulted in pressures for operational restrictions. This is outlined in Case
Study 1 below.

CASE STUDY 1 SUMMARY: MELBOURNE AIRPORT
Airport Introduction and Context

Melbourne Airport is Australia’s second largest airport, serving approximately 37 million annual
passengers before the COVID-19 pandemic. The location was selected due to its proximity to the city,
whilst still being far enough away from urban development to allow the airport to operate
unconstrained.

When the airport was designed and built (1970), noise buffer zones were established in the
surrounding area and along proposed flight paths. However, special protective land-use controls on the
areas surrounding the airport weren’t introduced until 1992 (in the form of the Melbourne Airport
Environs Area), by which time significant urban encroachment had occurred through rezoning and
development of land in the buffer zones.”’

Constraint Imposed

Urban encroachment on Melbourne Airport has become a major factor in shaping and defining the
proposed plans for a 3™ runway and its flight tracks. To mitigate noise impacts, Melbourne Airport are
having to propose a range of operating controls (operating in segregated modes, SODPROPS
(simultaneous opposite direction parallel runway operations) etc.), all limiting airport capacity.

Despite these compromises, the airport still faces calls for a curfew from residents living far outside the
current equivalent of an Outer Control Boundary. &

Key Findings

e Long-term safeguarding through land use controls needs to be in place early and consistently
protected. The control buffers must be conservative enough to minimise noise impacts of
unforeseen changes outside of the airport and community’s control.

e Once controls are relaxed, development will occur and urban encroachment cannot be
reversed.

e Asaresult of tardy implementation of regulated buffers against urban encroachment, the
airport now faces calls for a curfew from residents in the vicinity of the airport and its arrival
and departure flight paths.

7 Michael Buxton & Arun Chandu (2016) When growth collides: conflict between urban and airport growth in
Melbourne, Australia, Australian Planner, 53:4, 310-320, DOI: 10.1080/07293682.2016.1275718
8 https://brimbanknorthwest.starweekly.com.au/news/runway-concerns-mount/
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56. Calgary Airport provides an example where effective and conservative land-use planning
controls enabled flexibility for necessary changes to airport operations associated with a
new runway and limited the impacts of reverse sensitivities.

CASE STUDY 2 SUMMARY: Calgary Airport
Airport Introduction and Context

Calgary Airport is the 4'" busiest airport in Canada with 18 million passengers in 2019. It was
planned as a multiple runway system with a parallel runway commissioned in 2014. The airport is
located 19km from downtown Calgary. In 1979 the Alberta provincial government enacted the
Airport Vicinity Protection Area (AVPA) regulation to govern development close to the airport.
Noise Exposure Forecast (NEF) contours were used to define the AVPA and protect for a future
parallel runway which was finally commissioned 35 years later. Because the AVPA was enacted
before significant urban encroachment occurred, the airport had appropriate long term
protection in place to enable such a significant development and operational change.

Constraint Imposed

Despite this, in 2014, the commissioning of the new parallel runway triggered a negative response
in the community. Detailed airspace design for the runway led to the implementation of flight
tracks that weren’t considered in modelling assumptions that formed the basis of the earlier
AVPA.

Provisions for parallel operations were published in 1995, followed in 2004 by the first edition of
the Manual on Simultaneous Operations on Parallel or Near-Parallel Instrument Runways (SOIR),
including the need for 15 degrees divergence in circumstances when it is intended to use two
instrument departure procedures from parallel runways simultaneously.

Hence, when the need to construct the parallel runway and finalise operational flight paths for
the Calgary Airport arose, detailed flight path design rules based on operational safety were
already in place and differed to those in the early AVPA assumptions. Communities under the new
flight tracks were exposed to aircraft noise and flight tracks had to be altered (to 10 degrees
rather than 15) to mitigate impacts and alleviate concerns. Because the NEF contours were
implemented conservatively and to protect a future parallel runway, the airport retained
flexibility when implementing the new runway. Without pro-active land-use controls, such a
solution would not have been possible and more constraining operating restrictions may have
been required.

Key Finding

Land-use protection based on conservative assumptions (e.g. protection of existing and future
airfield layout) around the airport provided a degree of flexibility for changes to future
operational assumptions and led to the adjustment of operations on the new runway and
subsequent AVPA review reflecting a new airport operational outcome (parallel runway
operations). The airport did not need to move to operating restrictions, in part, due to adequate
land use safeguarding.

12
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57. Brisbane Airport, with a long-term vision for a new parallel runway, prior to its development
adjusted airport master planning to reduce the impact of future aircraft noise impacts on the
community by increasing already substantial buffer zones. Even with this, since the
development and operational commissioning of the new parallel runway and associated
flight path changes, adverse community reaction has led to a trial of 3 three noise-reducing
initiatives, two of which could reduce the long-term runway capacity. It could negate any
gains from the substantial investment in the new parallel runway at substantial financial and
economic cost to the region.
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CASE STUDY 3: Brisbane Airport
Airport Introduction and Context

Like Melbourne, Brisbane was built as a greenfield airport in 1988 with a main and cross-wind runway,
and an Airport Master Plan with associated reservation and protections for a future parallel runway
when required. It’s Australia’s 3™ busiest airport, handling approximately 24 million passengers in 2019.
The airport is located 13km from the CBD.

Over the years since its opening, the equivalent of the Outer Control Boundary for Brisbane Airport (the
ANEF 20 within which new residential development is only conditionally acceptable (requires noise
insulation) has significantly shrunk due to changes in technology (largely between 1983 and 1998)
reducing noise of aircraft at the source, despite annual movements increasing.

Constraint Imposed

During the years leading up to the runway opening, including meeting requirements for regulatory
approvals processes, Brisbane Airport undertook extensive community consultation on the expected
noise impacts from the new runway and associated flight path changes in the vicinity of the airport. A
number of noise abatement procedures were implemented, including a preference for operations over
the bay when safe, and recommended flap settings to reduce airframe noise. However, despite these
mitigation efforts and extensive community consultation, Brisbane Airport is now facing substantial
political pressure from residents groups for operational restrictions to be imposed due to noise since
the runway opened in 2020.

Despite the airport responding to community concern with additional noise mitigation initiatives, in
February 2022 the Green party announced their plan to introduce a new bill to the Australian
parliament to impose a curfew from 10pm to 6am and hourly flight caps of 45 movements per hour on
the airport.® If this bill passes, it will have a very serious impact on the capacity of the airport,
effectively rendering the development of the new parallel runway of no value since the airport was
operating at around 50 movements per hour before its opening.

Key Findings

e Noise contours shrunk over the years due to changes in technology, allowing some urban
development towards the airport.

e Brisbane Airport undertook a number of mitigative measures to reduce the impact of noise on
the community including increasing an already substantial buffer zone, shifting the location of
the new runway further from residents and implementing several noise abatements
procedures.

e Even with a substantial buffer zone community reaction has led to a trial of three noise-
reducing initiatives, two of which could significantly reduce runway capacity.

e Despite responsive actions to address community concerns, community lobby groups and
political parties are still pushing for a curfew and hourly movement caps.

° https://australianaviation.com.au/2022/02/greens-push-to-introduce-brisbane-airport-curfew/
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58. When land use planning tools are not effective, reverse sensitivity issues may require
approaches to noise mitigation that rely on Noise Abatement Operating Procedures and/or
Operating Restrictions.

59. Several different Noise Abatement Procedures and Operating Restrictions are used around
the world to minimise the impact of aircraft noise on the community, impacting airport and
aircraft operations. Most people are aware of curfews, but there are many other measures
that are currently in place.

60. The table below lists some of those measures, including examples of airports with those
measures imposed.’® Measures 1-4 are Noise Abatement Operating Procedures, which have
some impact on airport operations. Measures 5-10 are Operating Restrictions and have a
greater impact on airport operations.

Procedures | fixed or mobile GPU (Ground
Power Units)

ICAO Example Air cL
Noise P ports
e L Balanced .
# Mitigation Description
Approach MEL | BNE | AMS | YYC | YYZ | VIE | YTZ | YWG
Measure k
Pillar
Noise Changes to arrival/flight tracks
Noise T — and/or flying techniques (eg.
1 | Abatement . Reduced thrust, limits on X X X X X X X X
Operating .
Procedures reverse thrust, increased
Procedures )
climb)
Prioritise use of a particular
Noise runway when possible to
Pref tial Abat t flight of urb.
5 referentia a em.en minimise over. ight of urban X X X X X X X
Runways Operating areas, or rotation of runway
Procedures | modes to share noise over
different communities.
Prohibition of the APU
Noise (Auxiliary Power Unit) while
3 APU Operating Abatement | the aircraft is on the ground X X
Restrictions Operating and recommends the use of

Time intervals in which take-
off or landing is not permitted X X X X
for some or all aircraft types

Operating

4 | Airport Curfews L
Restrictions

Additional charge to airlines
whose aircraft exceed the
allowable values of noise as
Operating well as additional charge to
Restrictions | companies using older (louder)
aircraft types. Charges can
vary with time of day, weight
of aircraft etc.

5 | Noise Charges

10 Emir M. Ganic, Fedja Netjasov, Obrad Babic, Analysis of noise abatement measures on European airports,
Applied Acoustics, Volume 92, 2015, Pages 115-123, ISSN 0003-682X
11 https://www.boeing.com/commercial/noise/list.page
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Table 3

61. Whilst there’s a variety of measures applied around the world, some are much more
commonly used. Ganic et al. (2015) analysed 248 European airports with noise mitigation
measures in place and found that curfews were applied more often than any other operating
restrictions, being implemented at approximately 50% of the airports surveyed.
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Figure 1 Distribution of number of airports in Europe that introduced Noise Mitigation Measures in years 2009
and 2010 10

62. At CIA the impacts of these types of restrictions could be significant for passenger and
freight aircraft operations.

63. Passenger services are highly tuned towards operating at optimum times that maximise
passenger volumes across services and networks. Noise mitigation measures that restrict
operational flexibility for airlines such as curfews or movement quotas (annual/daily/hourly)
reduce airline flexibility to operate at optimum times, potentially impacting the viability of
existing services. More detailed examples of these types of impacts are included in Section 5
of this report.

64. Airfreight services are also highly tuned towards commercial drivers. In New Zealand,
domestic airfreight typically operates overnight to enable parcels and mail to be distributed
the next morning. Again, noise mitigation measures that restrict operational flexibility for
airfreight services such as curfews or movement quotas (annual/daily/hourly) reduce
flexibility to operate at optimum times. In fact, such restrictions may force air freight
operations to other airports that can continue to enable overnight delivery services or where
freight services do not have to compete for ‘slots’ that may be forced by movement quotas.
More detailed examples of these types of impacts are included in Section 5 of this report.
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65. To support the above explanation around the risk of operational controls resulting from
reverse sensitivities, we have reviewed several international examples below.

CASE STUDY 4 SUMMARY: SCHIPHOL AIRPORT
Airport Introduction and Context

Schiphol is the busiest airport in the Netherlands (and one of the busiest in the world) with over
80 million passengers per year before the COVID-19 pandemic. The airport is located 15km from
the downtown area of Amsterdam. In the 1970’s a new town, Hoofddorp, was built right next
door to Schiphol, and in the 1980’s and 90’s neighbouring cities like Amsterdam and Amstelveen
built new areas expanding towards the airport.?

Constraint Imposed

Although aircraft noise has been an ongoing issue, following commissioning of a new runway, a
‘consultation table’ was setup by the government to provide advice on the development of
Schiphol. This group was tasked with establishing the constraints that now define how the airport
can grow and operate. Negotiations produced a new system to control aviation noise with
operating constraints imposed based on the number of aircraft movements as well as exposure
noise levels. Total numbers of aircraft movements per year and at night are now restricted
(movement quota). In the years leading up to the pandemic, Schiphol were consistently operating
at or close to the movement quota capacity.

These ‘environmental constraints’ limit runway capacity, potentially requiring slot allocation rules
to be developed and pushing some operations to other airports. In 2017, Singapore Airlines
relocated half of their freight operations to Brussels Airport due to a significant reduction in
freighter slots at Schiphol because of the movement cap.’®

Key Findings

e Growing encroachment leads to an increased need for community engagement to
maintain buy-in. However, operating restrictions may be required to maintain community
support.

e Operating restrictions can result in loss of flights to other airports.

12 M, Wijk & Brattinga, Kes & Bontje, Marco. (2010). Exploit or Protect Airport Regions from Urbanization?
Assessment of Land-use Restrictions in Amsterdam-Schiphol. European Planning Studies. 19. 261-277.
10.1080/09654313.2011.532671.

13 https://www.lloydsloadinglist.com/freight-directory/news/SQ-to-transfer-half-its-Schiphol-freighter-flights-
to-Brussels/70526.htm#.Yo3Ix6hByUk
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CASE STUDY 5 SUMMARY: TORONTO AIRPORT
Airport Introduction and Context

Toronto Pearson International Airport is Canada’s busiest hub at over 50 million passengers per
year prior to the COVID-19 pandemic. The airport is located 30km from downtown Toronto.
Despite being opened in 1938, it was only in 1959 that land use development policies using noise
contours were considered, ahead of a significant phase of expansion. By that time, urban
encroachment was already present. An Airport Operating Area (AOA) was eventually
implemented in official city plans to control residential development in the vicinity of the airport.

Constraint Imposed

In February 2012, NAV CANADA implemented flight track changes in the Toronto-Ottawa-
Montreal corridor (the main flight route between these centres), triggering negative community
reactions. This led to a significant community consultation process to better disclose the impacts
from airspace changes and to identify means to mitigate the impacts of aircraft noise primarily
through noise abatement procedures. Interestingly many of the community responses came from
locations outside the revised contours. This highlights how noise and associated impacts do not
stop at a specific contour boundary.

Key Finding
e Community annoyance can occur outside the designated noise contours and in places
where communities were previously exposed to less frequent aircraft noise.
e Attempts to retrospectively establish appropriate safeguarding areas around the airport
have been difficult to effect, due to lack of early and conservative land use planning
controls

66. The case studies have illustrated that land use protections are generally changed when there
is a trigger to update them such as an operational change, change to regulatory
requirements, or a demand/capacity driver. These may be caused by systemic change to the
airport’s usage such as a change in airfield layout (e.g. new runway) or technology advances
in air navigation for aircraft operations (e.g. RNP). Conservative land-use protection is
required to limit the impact of these changes on the airport and community when they do
occur.

67. Our research did not find any instances where airports or local governments actively
reduced land use planning protections (e.g. reduced an OCB from 50 to 55Ldn). Rather, that
airports actively aim to retain noise related safeguards and contours that provide
conservative land-use protection where possible in order to protect from current and future
reverse sensitivities and potential operational restrictions. Any changes in contours were a
result of changes in inputs (e.g. fleet mix, flight tracks) rather than a change in the contour
level used as the outer control boundary.

68. In the CIA OCB context, while the trigger to change this land use planning control may differ

(triggers do differ in most cases surveyed), the risk of reverse sensitivities is the same and
the potential range of operational impacts is the same.
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69. A relaxation of the CIA OCB from 50dBA Ldn to 55dBA Ldn would provide a framework to
enable new noise sensitive activ