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EXECUTIVE SUMMARY

Background

The Porirua City Council (“the Council”) is currently reviewing and updating the Porirua District Plan (“the Plan”).
The Plan contains objectives, policies and rules that relate to the management of land vulnerable to coastal

hazards.

This study was commissioned by the Council to identify areas vulnerable to coastal erosion and coastal storm
inundation around the coast of the district over the next 100 years and to provide broad management
recommendations to assist with developing provisions for the present District Plan review.

The coastal hazard study was conducted in two stages. A “first pass” assessment considered the entire coast of
the District, to provide a high-level assessment of existing and potential future risk (including the effects of sea
level rise) for a planning period of 100 years. A more detailed assessment was undertaken at priority areas
(identified by the first pass).

The coastal hazard assessment included a review of available published and unpublished data and three rounds
of community consultation, involving well-attended workshops at key sites around the City. Further opportunity
for community and stakeholder feedback will occur over coming months; with this draft report and maps
provided on Council’s website for feedback. In addition, PCC propose to provide the proposed District Plan and
maps for community feedback prior to formal notification.

Coastal Hazard Zones Identified

In identifying coastal hazards, national and regional policy requires Council to consider a planning period of at
least 100 years and to consider changes that may occur over that period including sea-level rise. National
guidelines prepared by central government provide various sea level rise scenarios and associated
recommendations and we have followed these.

In areas of existing subdivision and development, two coastal erosion and coastal flood hazard zones have been
identified:

- Current coastal erosion/flood hazard, identifying the areas potentially vulnerable to coastal erosion

/flooding with existing sea level and coastal processes (for erosion events with a return period of at

least 100 years and for coastal inundation events with a 1% annual exceedance probability)

- Future coastal erosion/flood hazard 1.0 m sea level rise, identifying the additional areas potentially

vulnerable to coastal erosion/flooding over the period to 2120, assuming sea level rise of 1.0 m

The existing risk to property and assets is limited to the current hazard areas, but as sea level rises over time,
that risk will gradually move into the future coastal hazard areas.
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In undeveloped (i.e. Greenfields) areas, national guidelines recommend consideration of a higher sea level rise
scenario (1.4 m) and so in these areas the coastal erosion and coastal flood hazard zones identify the additional
areas that could be impacted with such a future sea level rise over a planning period of at least 100 years.

The coastal erosion hazard zones have been mapped relative to the existing shoreline, typically the toe of bank
or cliff. The coastal flood hazard zones have mapped all areas below the flood elevation using existing LiDAR
data on land elevations, a simple approach known as the “bathtub” approach. Some low-lying potential flood
risk areas have no obvious hydraulic links to the coast and these are mapped separately to highlight the
additional uncertainty.

A reasonable but precautionary approach has been adopted towards uncertainties in the hazard assessment and
mapping. It is therefore recommended that the proposed District Plan allow for site-specific refinement of the
defined hazard zones based on investigation by appropriately qualified and experienced experts (a coastal
scientist or a coastal engineer).

Coastal Hazard Management Recommendations

This report recommends a range of measures for sustainable management of coastal erosion and flood risk in
Porirua City. These recommendations are founded on a broad “hierarchy” of management approaches, implicit
in national and regional coastal policy and developed to reflect the nature of the coastal environment, the likely
responses of that environment to future climate change and the implications of different coastal hazard
responses.

This hierarchy is used to provide a basis for coastal management in Porirua, with emphasis on risk avoidance and
reduction, through to the use of soft and hard engineering works to protect development in known hazard areas
where necessary and appropriate.

Risk avoidance is recommended as the preferred approach for Greenfields subdivision and development and for
major upgrades or establishment of infrastructure.

In areas of existing development, it is recommended that Council develop appropriate policies and rules to both
avoid increasing and, where reasonably practicable to reduce the risk of adverse effects from coastal hazards
within the identified current and future coastal hazard areas. Relevant risk reduction approaches (e.g.
development controls such as setbacks, relocatability requirements and minimum floor levels) are identified and
discussed.

It is recommended that any intensification of existing development be avoided in current flood and erosion
hazard areas unless a site specific coastal hazard study demonstrates that there will be no increase in coastal
hazard risk, and/or effective and sustainable management of the hazards is provided for in an agreed adaptive
management strategy (that considers the full range of future sea level rise scenarios identified in national
guidelines).

There are also many areas of Porirua where environmentally soft approaches can usefully contribute to effective
coastal hazard management. We recommend that the Plan include measures to actively encourage such
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approaches and that Council adopt a leadership role by using such approaches rather than hard protection to
protect its reserves and infrastructure where-ever practicable.

Where hard engineering is the only practicable option, it should be designed and located to avoid or minimise
adverse effects on the coastline.

Coastal Compartments

We have identified a number of broad “coastal compartments”, based primarily on geomorphology, coastal
processes, present land uses and management considerations and provided broad and recommendations for
management of coastal hazards in each of these coastal compartment types. The management
recommendations reflect the hierarchy of preferred options outlined in the report.

Nearshore Roads, Rail and other significant Infrastructure

There are extensive lengths of the Porirua City coastline where significant roads, rail and/or infrastructure are
located immediately adjacent to the coastal margin; often wholly or partially on reclaimed land and vulnerable
to coastal hazards with existing sea level, which risk will increase significantly with projected sea level rise over
the next 100 years.

While this infrastructure remains in its current location, Council and other relevant infrastructure managers (e.g.
NZTA and Kiwi Rail) will have no alternative but to protect from coastal hazards and protection of such
infrastructure is provided for in national coastal policy. In the absence of appropriate management, this has the
potential to further significantly degrade the natural and amenity values of the adjacent shorelines.

Where protection of infrastructure is required, emphasis should be given to recreate or enhance natural coastal
features and buffers to preserve, restore and/or enhance the natural and amenity values of the shoreline over
time. Where hard engineering is the only practicable option, it should be designed and located to avoid or
minimise adverse effects on the coastline.

Long term planning should provide for progressive raising or relocation of road and rail infrastructure away from
the coast where it is practicable. Any future widening of existing roads and rail corridors should be to landward
where-ever practicable.

Beaches

A wide range of beaches occur on the Porirua City coastline, including sand and mixed sand-gravel beaches on
the open coast and various beaches and chenier ridges within Porirua Harbour and Pauatahanui Inlet. Beaches
are important community assets valued for a wide range of recreational uses and for natural and amenity
values. Some Porirua beaches (e.g. Plimmerton and Titahi) are regionally significant for recreation and amenity.

In view of the importance of beaches as an asset for the wider community, the sensitivity of these environments
to engineering works and future changes in sea level, and the directions in national policy, we recommend that
hard structures be avoided in the management of coastal erosion on beaches; with an emphasis instead on:

e managing development in identified hazard areas to avoid and reduce risk over time

e accepting and living with erosion where this is reasonably practicable
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e restoring and enhancing natural coastal buffers such as beaches and dunes
e use of soft engineering (e.g. beach nourishment) where practicable.

Cliffs and Banks

Cliffs and banks occur along both the open and estuarine coasts of Porirua City. Cliff erosion is a one-way
process, driven by slow toe erosion leading to subsequent slope instability and periodic failure. The average
long-term rate of toe erosion of cliffs is generally very slow on the Porirua coast, in the order of just a few
metres per century. Severe slope failure also appears to be very infrequent.

It is recommended that coastal erosion hazard on cliffs be managed by avoiding and reducing risk using
development controls. These controls would require a property- or site-specific study undertaken by a suitably
experienced geotechnical engineer or engineering geologist if within defined hazard areas. These interim
provisions are necessarily precautionary given the uncertainties around slope failure. In some cases, such site-
specific investigations may also recommend additional action to reduce risk (e.g. improved management of
stormwater, slope retaining structures, foundation requirements, etc.).

Hard coastal erosion protection is generally unlikely to be required or appropriate at most sites due to the slow
erosion rates and the potential for such works to be severely damaged by slope failure. These works should only
be adopted where they are part of an agreed adaptive management plan and are consented as appropriate
solutions.

Low-lying coastal land

In some areas of the district, there are significant areas of low-lying land adjacent to the coast and/or streams
draining to the coast; including existing and former estuarine and freshwater wetlands and low-lying flood
plains. Many of these areas are vulnerable to existing or projected future coastal inundation over the next 100
years. Other work indicates that many of these areas are also vulnerable to stream flooding and/or tsunami.

A further consideration relevant in many cases is provision for restoration of coastal and estuarine wetlands and
their riparian vegetation and for long term landward migration and retreat of these ecosystems in response to
sea level rise.

It is recommended that future subdivision and development in these areas be strictly managed using land use
controls to avoid any increase in hazard risk and to provide for restoration and landward migration of coastal
wetlands, with infilling of former wetland areas avoided. It is also recommended that Council consider
developing generous development incentive provisions to encourage the setting aside of areas required for
restoration and landward migration of wetlands.

Adaptive Management

There are also a number of developed sites with complex existing and/or potential future coastal hazard issues
where we believe site specific adaptive management plans will ultimately be required, particularly (north to
south):

e Pukerua Bay
e Hongoeka
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e Karehana

e Plimmerton

e Golden Gate Peninsula beaches (including Ivey Bay and Brown’s Bay)
e Pauatahanui

e Titahi Bay

e Central business district and vicinity

For the most part, these particular sites are either beaches and/or low-lying coastal margins; some also have
nearshore roads and infrastructure.

The broader management directions are relevant to these areas, but the complexity of the issues at each of
these sites means that site specific adaptive management strategies, including extensive stakeholder
consultation and participation will likely be required to adequately address the issues.

The coastal hazard issues and broad management options and directions for these sites are discussed in Section
6-14.
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1 INTRODUCTION

1.1 Background

The Porirua City Council (“the Council”) is currently reviewing and updating the Porirua District Plan (“the Plan”).
The Plan contains objectives, policies and rules that relate to the management of land vulnerable to coastal
hazards.

In regard to coastal hazards, the New Zealand Coastal Policy Statement (2010) (NZCPS 2010) requires
identification of areas in the coastal environment that are potentially affected by coastal hazards, giving priority
to the identification of areas at high risk of being affected. The NZCPS requires consideration of a planning
period of “at least” 100 years including the potential effects of climate change including sea level rise.

In areas potentially affected by coastal hazards over the next 100 years, the NZCPS (Policy 26) requires Council
to:

(a) avoid increasing the risk of social, environmental and economic harm from coastal hazards;
(b) avoid redevelopment, or change in land use, that would increase the risk of adverse effects from coastal hazards;

(c) 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;

(d) encourage the location of infrastructure away from areas of hazard risk where practicable;
(e) discourage hard protection structures and promote the use of alternatives to them, including natural defences; and

(f)  consider the potential effects of tsunami and how to avoid or mitigate them.

1.2 Purpose and scope of the study

This study was commissioned by the Council to identify areas vulnerable to coastal erosion and coastal storm
inundation around the coast of the district over the next 100 years and to provide the basis for a risk based

planning approach.
The coastal hazard study was conducted in two stages:

o A “first pass” assessment considering the entire coast of the District (Figure 1), to provide a high level
assessment of existing and potential future risk (including the effects of sea level rise) for a planning period
of 100 years.

e A more detailed second pass assessment of priority areas identified by the first pass and agreed with the
Council.

The work undertaken in these stages is outlined in Chapter 2.
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Figure 1: Extent of Porirua City Coastline with key locations.
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1.3 Report Layout

This report provides an overview of a two-stage coastal hazard assessment for Porirua City. The broad project
approach is outlined in Section 2.

Section 3 provides a more detailed description of the methodology used to determine coastal erosion and
inundation hazard, including the approach to calculating hazards with future projected sea level rise. This
section describes the various geomorphic shoreline types that exist in Porirua and the geomorphic models used
to understand likely future change and associated hazards.

Section 4 summarises the national and regional policy setting, and recently completed national guidance on best
practice and planning for climate change in New Zealand (MfE, 2017). The best practice guidance provides
direction for the identification of hazard areas, planning for sea level rise and development controls and
planning mechanisms for hazard prone land in the coastal environment. The review of policy and best practice
guidance is then translated into a broad hierarchy of preferred coastal hazard management actions in Section
4.4,

Section 5 divides the coast into a number of “compartments”, providing recommendations on broad approaches
for the management of coastal inundation and coastal erosion to guide the Porirua City Council in the
preparation of the revised District Plan. These approaches address matters such as coastal inundation and
erosion risk, the management of new subdivision or major infrastructure and the general policy approach to
managing new and existing development within identified coastal hazard areas. These recommendations reflect
regional and national policy as reviewed in Section 4. This section also introduces the concept of adaptive
management, an approach likely to be required to address coastal hazard issues at some of the more difficult
sites.

Site specific hazard assessments and recommended management approaches are presented for key areas in
Section 6-12.

1.4 Datum used in report

The elevations within this report are presented in terms of the Wellington Vertical Datum (WVD-53) unless
otherwise noted. The relationship of this datum to other datum levels used in the area and to mean sea level for
the periods 1985-2006 (MfE, 2017) and 2006-2011 (Lane et al. 2013) is summarised in Table 1. The offset from
WVD-53 to NZVD-2016 varies slightly, from +0.335 m near and within Pauatahanui Inlet to +0.354 m at Pukerua
Bay. Site specific corrections have been applied where necessary in our calculations.

Table 1: Relationship of WVD-53 to other datums and to mean sea level (source: Lane et al. 2013, MfE, 2017)

Datum Offset (m)

New Zealand Vertical Datum (NZVD) +0.335 - +0.354
2006-2011 Mean Sea Level +0.196
1985-2006 Mean Sea Level (MSL) Baseline +0.164
Wellington Vertical Datum (WVD-53) 0

Chart Datum -0.8
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2 PROJECT APPROACH

The study was conducted in two stages:

e Stage 1: A first pass assessment considering the entire coast of the District, with focus on developed
areas.

e Stage 2: A more detailed hazard assessment focusing on priority areas as agreed with Council and
identified by the first pass.

2.1 First Pass Assessment

The first pass assessment involved a high-level assessment of coastal hazards over the coast of the entire district
using expert judgement and a wide range data and information including:

e Aerial photography dating from the 1940s to the present

e Historic photographs and surveys (at some sites dating from the late 1800s and early 1900s) available via
Pataka, the National Library and historic survey databases

e Early descriptions and maps of the area

e Available topographic (LiDAR) data from PCC and bathymetric information

e Existing reports on coastal erosion and other relevant published resources (e.g. local history books and a
range of technical reports and studies)

e Storm surge modelling and sea level reports as well as tide gauge and coastal flooding data (e.g. reports
from historic events)

e Physical and geomorphic characteristics and relevant mechanisms and processes associated with coastal
erosion and coastal storm inundation

e Variety of field observations around the entire developed coast of the District

e Appropriate geomorphic models to assess the potential future impact of projected sea level rise (see
Sections 3.4.2 and 3.4.3 for more detail)

e  Existing coastal hazard protection works

This information was analysed and synthesized to assess coastal hazards and associated management issues and
options for various coastal compartments (see Section 5); the compartments based largely on geomorphic
attributes and existing land uses.
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2.2 Second pass hazard assessment at priority areas

This first pass assessment provided adequate information on coastal hazard identification for most areas of the
District. From this broad assessment, a number of sites were also identified where more detailed work was
required. These were typically areas of high existing or potential future coastal hazard risk, where complex
management issues either exist or are likely to arise in the future. They are also sites where management of land
use on private property will be necessary to avoid or reduce hazard risk. In most cases, these are areas where
adaptive management strategies are eventually likely to be required. In such areas, good definition of the areas
of risk is required to support the controls and avoid unnecessary restrictions on land use.

The sites selected for the more detailed second pass assessments included (from north to south):

e  Pukerua Bay

e Hongoeka

e Karehana

e Plimmerton

e Golden Gate Peninsula beaches (including Ivey Bay, the chenier plain on the northern side of the
Peninsula and Browns Bay)

e Pauatahanui

e Mana and the CBD

e Titahi Bay

More detailed work was conducted in these areas, including:

e First round of consultation with affected landowners and communities at each of the sites. This work
involved community meetings held in August 2018 at Plimmerton (also covered Karehana), Titahi Bay,
Pauatahanui, Golden Gate/Browns Bay, Pukerua Bay and Hongoeka. The primary objective of this first
round of meetings was to advise local residents of the work and to seek community information (e.g.
observations of past coastal erosion and flooding events; any historic information or photographs) that may
be of use to the study. The community meetings provided valuable information in terms of local knowledge
and historical observations, and also provided insight into community values and expectations.

e Further field inspections, including collection of shore profile data, observations of local geomorphology
and coastal processes and an evaluation of human impacts.

e More detailed review of historic and potential future shoreline change, particularly the beach sites.

e Limited sub-surface investigations (drilling using a vehicle mounted augur) at two sites (Plimmerton and
Titahi Bay) to assess any constraints on future shoreline change imposed by erosion-resistant sub-surface

geology.

The available information from the above sources was then synthesized to better assess areas of existing and
potential future coastal hazard risk.
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In addition, the various management issues likely to arise over time were broadly assessed together with
relevant management options; to provide some indication of the complexities at each of the sites that will need
to be addressed by site-specific adaptive management strategies and relevant triggers.

The various hazard issues and potential management options were then discussed and refined with Council staff. A
second round of community meetings was subsequently held in November 2018 at each of the six sites to discuss the
findings and associated hazard management issues and options and seek community feedback.

On the basis of these discussions and feedback and further discussions with Council staff, broad
recommendations were developed for the management of coastal hazard risk in each area until detailed site-specific
adaptive management strategies can be agreed with the relevant stakeholders. The site specific hazard assessments
and management recommendations for each of the six priority areas are given in Section 6-13).

These interim management recommendations and associated hazard maps were presented in a third series of public
meetings in July 2019, with the PowerPoint presentations also made available online. This draft report and some
details of coastal hazard mapping were then refined in response to feedback received during these meetings. Council
also proposes to release a draft Plan including hazard maps and provisions to provide an opportunity for further public
feedback before formal notification.
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3 METHODOLOGY USED TO IDENTIFY COASTAL HAZARD AREAS

3.1 Coastal Hazard Areas

We have identified three coastal erosion and coastal flood hazard zones:

- Current coastal erosion/flood hazard, identifying the areas potentially vulnerable to coastal erosion

/flooding over the next 100 years with existing sea level and coastal processes. This hazard

identification assesses erosion events with a return period of at least 100 years and coastal

inundation events with a 1% annual exceedance probability)

- Future coastal erosion/flood hazard 1.0 m sea level rise, identifying the areas potentially vulnerable

to coastal erosion/flooding over the period to 2120, assuming sea level rise of 1.0 m

- Future coastal erosion/flood hazard 1.4 m sea level rise’, identifying the areas potentially

vulnerable to coastal erosion/flooding, assuming sea level rise of based on RCP8.5 H+ (1.36 m to

2120).

The hazard areas are defined without regard to existing structures or other intervention that may mitigate
hazard. Accordingly, they show the areas at risk or potential risk in the absence of intervention. The only
exception relates to roads and infrastructure, where it is assumed the assets will be protected from erosion as
provided for in national policy (see further discussion in Section 5.1 and 5.2). If agreed adaptive management
strategies are developed and implemented at some future date that include works that mitigate erosion or
flooding in other areas, then the hazard areas may need to be revised to reflect this. It also important to
appreciate that the approach we have adopted does not mean that existing sea walls (or other intervention) do
not presently provide robust protection; they may, or may not. Rather, it simply means that the current
measures presently do not form part of an agreed long term adaptive management strategy and/or may not be
appropriate as longer term solutions (see discussion of various sites in Sections 5 and 6).

The first two hazard zones are recommended for the management of land use in areas of existing subdivision.
The third hazard area is recommended for use in managing land use and development in Greenfields areas.
These recommendations following the guidance provided in MfE (2017).

These coastal hazard zones identify areas that are exposed to a varying level of hazard.

The current hazard areas generally define existing (i.e. present day) risk to property and assets in the absence of
intervention; the only exception being the current coastal erosion hazard areas in those locations where there
are existing long-term trends for retreat (e.g. parts of Pukerua Bay). In the latter areas, erosion risk will in the
more landward parts of the identified hazard area are currently low but will increase over planning timeframes.

! The erosion and flooding calculations reflect a sea level rise of 1.36 m to 2120, relative to the 1986-2005
baselines as directed by MfE (2017). For the purposes of reporting, we have referred to these areas as Future
coastal erosion/flood hazard “1.4 m sea level rise” and referred to 1.4 m of sea level rise in the text for
simplicity.
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The future hazard areas are not presently at risk from erosion or flood events with a return period up to 100
years. Rather, they show the additional areas that may become at risk with future sea level rise of 1.0 m or
1.4 m.

There are considerable uncertainties in the definition of hazard risk areas, particularly in regard to both coastal
erosion and the potential impact of future sea level rise. We have endeavored to make these uncertainties
transparent where relevant. Given the uncertainties, we have adopted a reasonable but precautionary (i.e. err
on the side of caution) approach to the definition of hazard areas. Accordingly, given the uncertainties and
ongoing improvement of knowledge over time, it is recommended that District Plan provisions provide for
revision of the hazard areas if justified by appropriate investigations conducted by an appropriately experienced
and qualified coastal scientist or coastal engineer.

The following sections outline the methodology used to identify these areas.

3.2 Coastal Erosion

The Porirua coastline is highly varied, with many geomorphic shoreline types, including banks, cliffs, wetlands
and beaches built from sand, gravel or mixed sand and gravel. These shorelines occur in both exposed open
coast settings and sheltered harbour locations. In each shoreline type, there are also areas of that have been
armoured against coastal erosion.

As part of this study we have identified the areas of land likely to be at risk from coastal erosion with current sea
level, and with future projected sea level rise. We have used all available information and considered sea level
rise values as directed by national guidance (see Section 3.4.1). The most appropriate approaches for erosion
hazard assessment vary with shoreline type (i.e. beaches, cliffs, etc.) and the approach adopted in each type is
briefly outlined in the following sections.

We outline our proposed approach to identifying and mapping these areas here, and in Sections 6-14 we
provide more detailed background on hazard zone assessments at each relevant location.

3.2.1 Sand Beaches

There are a number of components to be considered when estimating the width of coastal erosion hazard zones
for any planning period (“t”), including:

e Any long-term trends for permanent erosion or accretion (“LT”)

e Maximum likely dynamic shoreline fluctuations over the planning period (“ST”)

e Slope instability associated with collapse of over steepened erosion scarps (“S”)

e Potential effect of climate change over the planning period, particularly sea level rise (“X”)

Typically, these components are summed to provide a total width of hazard area (“CHEZ”):
CHEZ=(LTxt)+ST+S+X

In areas where sea walls constrain erosion, an additional factor has to be included to allow for the effect of the
sea wall; unless the sea wall (or a replacement structure) is likely to be adopted as an appropriate long-term
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solution. In essence, this factor involves estimating how much further the toe of bank would lie if the sea wall
were not present.

We have estimated these components for each site using the available information discussed in Section 2.2, with
particular emphasis on field observations and geomorphology, historic aerial photographs and surveys and
community information. The following sections briefly outline the methods used to assess each component.

Long Term Trends for Shoreline Change

Long term trends for permanent shoreline advance or erosion were assessed using historic aerial and other
photography, historic surveys, field observations and geomorphology and community information. Most sand
beaches appear to be presently in dynamic equilibrium; the shorelines fluctuating backwards and forwards over
time with little to no existing trend for permanent shoreline advance or retreat. However, long term trends do
occur in parts of Pukerua Bay (see Section 6).

Dynamic Shoreline Fluctuations

Sandy beaches are naturally dynamic and respond rapidly to changes in local coastal processes. These systems
are the most vulnerable to coastal erosion and the most likely to be severely affected by the impacts associated
with hard coastal protection works. Natural functioning of sandy beaches relies on the presence of an intact
sand dune, which is part of the natural beach system, and is critical to processes of natural erosion and recovery.

Sand dunes are formed when wind blows sand inland from the beach, where it is “caught” by sand trapping
grasses and accumulates. This sand is stored in the dune until there is a storm event that erodes the beach and
the face of the dune. Eroded sand is transported offshore to form offshore bars (Figure 2). In calmer conditions,
sand from these nearshore bars is worked back onto the beach and over time beach levels recover (Figure 3).
Natural dune recovery occurs as windblown sand from the beach is trapped by vegetation; but depends on
suitable sand trapping vegetation occurring on the dune (e.g. spinifex and pingao).

DURING A STORM

Ercason
Escarpment

Figure 2: During storms, sand is eroded from the dune and forms bars offshore that absorb wave energy.
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Figure 3: During calmer wave conditions, sand from the offshore bars makes its way to the beach and over time
the dunes rebuild.

Sandy beaches can also experience dynamic shoreline fluctuations with extended periods of erosion and
accretion due to causes such as climate cycles that alter weather patterns (e.g. affect the frequency of storms).

The maximum scale of the dynamic shoreline fluctuations (often referred to as the dynamic envelope) is
typically only evident over long periods of time (generally many decades). Care and long-term records are
therefore required to adequately assess the maximum likely dynamic shoreline fluctuations and to distinguish
any contribution of permanent long-term trends for erosion or accretion.

Collapse of Erosion Scarps

Following severe storms, dune erosion and beach lowering typically form near vertical erosion scarps. These
scarps can collapse to a more stable slope at a later date, generally in the order of 26 degrees in unconsolidated
sands. In identifying erosion hazard zones, it has been assumed that the dune face will collapse to this stable
slope. In practice, the value of this parameter is generally close to the height of the dune above the dune toe, as
material collapsing from the top of the dune face will form a slope at the base of the scarp, stabilizing the slope.

3.2.2 Gravel Beaches
Mixed sand and gravel beaches occur along the open coast from Pukerua Bay through to Hongoeka, inclusive.

Small patches of mixed sand and gravel beaches also occur perched on the landward edge of the rock reefs
along the Karehana foreshore.

The morphology and dynamics of gravel and mixed sand and gravel beaches (Jennings and Shulmeister, 2002)
vary markedly from the sandy beach systems and hence a different approach is required for coastal erosion
hazard assessment.

Figure 4 presents an idealised profile of a mixed sand gravel beach. The cross-shore profile can be broadly
subdivided into at least three distinct berms:

e alow-tide berm also known as the beach step
e a high-tide or swash berm, and
e astorm berm at the top of the beach.
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Figure 4: Idealised sketch showing typical cross-section over a mixed sand gravel beach (from Jennings &
Shulmeister, 2002).

The beach step marks the seaward edge or closure point of mixed sand-gravel beaches. Seaward of the beach
step, the gravels typically give way to a low gradient nearshore comprised of sand. All waves are modified and
start breaking when they cross the step, which is responsible for the plunging breakers typical of gravel beaches.

The high-tide or swash berm is very dynamic and is often characterised by a number of (typically low) berms or
ridges formed under differing wave and tidal conditions. In practice, this tends to be the area where most
dynamic change occurs.

The highest and main storm berm (commonly also called a storm ridge) further landward (Figure 4) is formed by
the more extreme storms that affect the beach. This berm is formed by sediments deposited during wave run-up
and overtopping during severe storms. Sediments are also carried over the storm berm and deposited on the
landward side as the overwash dissipates, typically forming a gentle backslope.

The main storm ridge still occurs on most of the mixed sand gravel beaches along the undeveloped coast
between Pukerua Bay and Hongoeka and along the central and southern areas of Hongoeka itself. However, at
Pukerua Bay and along the gravel sections of the Karehana coast, natural storm ridges have been buried by
historic reclamation undertaken to form the beachfront roads in these areas. In the latter areas, the gravel
beaches are backed either by slowly eroding reclamation fill or shoreline protection works.
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On gravel barriers, the total width of the coastal erosion hazard zone has been assessed using a similar sum of
components approach to that adopted for sandy beaches:

CEHZ = ST+ (LT *t) + X +SlI (4)
Where,

e LT =Anylong-term trends for permanent erosion or accretion

e ST = Maximum likely dynamic shoreline fluctuations over the planning period

e S| =Slope instability associated with collapse of eroded banks to a more stable slope

e X = Potential effect of climate change over the planning period, particularly sea level rise

The unique morphodynamics of mixed sand and gravel beaches mean that targeted approaches are required to
estimate some of these erosion components. The slope instability parameter for instance is only relevant at sites
such as Pukerua Bay where the beach has been truncated by historic reclamation and is backed by a slowly
eroding reclamation fill. At other sites where the natural profile remains intact this component will not be
relevant, and these beaches do not form vertical scarps.

The various erosion components were assessed as follows.

Long term trends

Any existing trends for long term net shoreline advance or retreat were primarily assessed using the same
approach outlined earlier for sandy beaches — particularly historic photographs and surveys and community
information.

Overwash? plays an important role in the dynamics and evolution of gravelly beaches, particularly gravel
barriers. On many coasts, these features tend to migrate landward (i.e. erode or retreat) through the process of
storm-wave overwash or “rollover” —in contrast to the beachface erosion that characterizes the response of
sandy beaches to storms. This rollover process reflects the dominance of wave upwash over backwash, due to
infiltration reducing the sediment transport capacity of the backwash.

The available data (particularly aerial photography) suggest that the main storm ridge is relatively stable and is
not undergoing permanent long-term retreat at relevant sites in Porirua. Rather, beaches backed by a wide
storm ridge tend to be fairly stable and resilient; typically, in dynamic equilibrium or (possibly) even
experiencing very slow net accretion.

Long term erosion trends typically occur only where the main storm ridge has been eliminated by human
activities and the beach is backed by reclaimed land (e.g. Pukerua Bay). In some such areas, seawalls have been
placed to stop the erosion.

2 Overwash is the flow of water and sediment over a coastal dune or beach crest during storm events (or other
situations with high water)
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Dynamic shoreline fluctuations

Dynamic shoreline fluctuations have generally been assessed on the basis of the available shoreline change data
and field/geomorphic considerations.

In most areas, the only significant dynamic fluctuations occur seaward of the main storm ridge. Accordingly,
dynamic shoreline fluctuations have generally been assessed as zero on gravel beaches.

3.2.3 Cliffs

There are many cliffed shorelines in Porirua City, including much of the open ocean coastline, and the Golden
Gate Peninsula in Pauatahanui Estuary.

Coastal erosion of cliffs typically occurs slowly and unlike beaches is essentially a one-way process. Cliff erosion
mechanisms relate to coastal erosion at the toe, and to slope instability processes higher up. Coastal processes
work to erode the base of the slope, until over steepening causes slope failure to a stable slope as shown
schematically in Figure 5.

<= slumping
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Figure 5: Processes of cliff erosion.
The key factors that need to be considered in erosion hazard assessment for cliff sites are:

e Historic long term (i.e. time-averaged) rate of toe erosion
e Slope instability arising from the toe erosion (typically assuming failure to a stable slope)
e Potential effect of sea level rise on the above factors (i.e. particularly toe erosion)

A range of data and methods have been used to estimate coastal erosion hazard zones for cliff environments
along the Porirua coast including:

e Geological, geomorphic and field observations to estimate very long-term erosion rates (e.g. shore
platform width) and likely stable slope.

e Historical aerial and other photography

e Historic shoreline surveys

e Empirical techniques to estimate the potential impact of projected sea level rise (discussed further in
Section 3.4.2.
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3.2.4 Mapping Baseline

The baseline from which coastal erosion hazard areas have been mapped varies from site to site due to
geomorphic and anthropogenic (e.g. seawalls) factors. On sandy beaches, the baseline is typically adopted as the
toe of the natural bank or dune, with appropriate adjustment for any seawalls. On sandy beaches subject to
significant dynamic shoreline fluctuations, we have also assessed the location of the baseline relative to historic
shoreline fluctuations to avoid double-counting of dynamic changes. On gravel beaches, the crest of the main
storm ridge is typically adopted as the baseline. For cliffed areas, the existing toe of cliff has been adopted as the
baseline or, where this feature cannot be accurately mapped, a proxy ground level (depending on the physical
setting) from LiDAR data.

3.3 Coastal Storm Flooding

The key components contributing to coastal storm inundation over the next 100 years (Figure 6) comprise:

e astronomical tides

e storm surge, being elevation of sea level by barometric and wind effects
o wave effects, including wave set-up and wave run-up

e rise in relative sea level due to climatic and tectonic changes.

These various components are illustrated in Figure 6 and discussed further below.

Wave overtopping

Surf zone Deep water

Sea-level rise

Local vertical datum &

Figure 6: Summary diagram showing the various components that contribute to coastal storm inundation
(source: Figure 30 from MfE, 2017)
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3.3.1 Astronomical Tides

Astronomical tides are the dominant component of coastal storm inundation for the Porirua City coastline and
key tidal parameters for the open coast (Karehana) and Porirua Harbour (Mana Cruising Club) are summarised in
Table 3. It can be seen that the tidal parameters at both sites are very similar. A key aspect is the very limited
(0.2 m) neap tide range, though the mean tide range is much greater (1.4 m) (Table 2). The highest astronomical
tide (HAT) is given as 0.95 m (WVD-53) by Lane et al. (2013).

Table 2: Key tidal parameters for Karehana (open coast) and Mana Cruising Club (Porirua Harbour) (source: LINZ
secondary ports table). Note: Elevations are relative to Chart Datum at Port Taranaki and not WVD-53.

Tidal Parameter Karehana (m) | Mana (m)
MHWS Mean High Water Spring 1.7 1.7
MHWN Mean High Water Neap 1.1 1.2

MSL Mean Sea Level 1 1

MLWN Mean Low Water Neap 0.9 0.9
MLWS Mean Low Water Spring 0.3 0.4

3.3.2 Storm Surge and Storm Tide

Storm surge results from the combination of barometric set-up and wind set-up which elevate water level above
the predicted tide (Figure 6). Barometric set-up effect occurs when low atmospheric pressure over the ocean
drives an increase in water level. Wind set-up is a rise in water level arising from strong onshore or alongshore
winds.

Wave breaking processes generate an increase in the average elevation of sea level (wave set-up) during storm
events due to the release of wave energy in the surf zone as waves break. When offshore waves are large, wave
set-up can raise the water level at the beach substantially. Most weather systems approach the Wellington
Region from the west of New Zealand and therefore propagate towards the Porirua coast, generating wind
waves and swells that affect the study area. The wave effects are therefore generated by the same events that
drive barometric and wind set-up.

NIWA (Lane et al. 2013) assessed storm surge and wave effects for the coast of the Wellington Region. The study
modelled selected historic storm events with a join annual exceedance probability of 1% and simulations were
also undertaken that included sea level rise increments of 0.5 m, 1.0 m and 1.5 m. This study provides the best
available data to assess potential coastal storm inundation for the Porirua City coastline and has primarily been
adopted for first pass assessments of coastal storm flooding in this report.

The “storm tide” is the storm-elevated sea level arising from the combination of the predicted tide and storm
surge (Figure 6). Wave set-up occurs over similar timescales to that of storm surge and is included by Lane et al.
(2013) in the calculations of “storm tide” extreme seas levels for the Wellington Region. The modelling study by
Lane et al. (2013) indicated that wave set-up can contribute as much as 0.7-0.8 m on the open coast of Porirua
but has little or no influence at the sheltered harbour shoreline.
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The extreme “storm tide” elevations calculated by Lane et al. (2013) also include sea level ‘anomaly’ (sometimes
referred to as “mean level of the sea” or “MLOS”); longer-term variation of the sea level that do not relate to
tides. Such sea level variations occur at time periods over a year (seasonal changes), several years (El Nifio and
La Nina Climate Cycles) and over decades (Pacific Decadal Oscillation). Therefore, while tide levels can be
accurately predicted, the actual sea level at any given location is likely to differ from the predicted tide. This
value can be evaluated through analysis of tide gauge data, and the range of sea level anomaly measured in
Wellington was typically up to +/-0.15 m (Lane et al., 2013).

Table 3 presents elevations for the 1% AEP storm tide at four locations within Porirua City.

Table 3: Storm tide elevations for Porirua Harbour (source: Lane et al. 2013).

Location 1 % AEP Storm Tide (WVD-53)
Pukerua 2.02m
Porirua Harbour Entrance 1.59m
Porirua City 1.70 m
Titahi Bay 1.88 m

3.3.3 Wave Run-up

“Wave run-up” is the maximum vertical extent of wave up-rush on a bea