
 
 

Tonkin & Taylor Ltd 
Coastal Hazard Assessment for Christchurch District - Summary Report 
Christchurch City Council 

September 2021 
Job No: 1012976.v1 

 

 

 

  REPORT 

Coastal Hazard Assessment 
for Christchurch District 

Summary Report 

Prepared for 

Christchurch City Council 

Prepared by 

Tonkin & Taylor Ltd 

Date 

September 2021 

Job Number 

1012976.v1 

 



 

 
 

Tonkin & Taylor Ltd 
Coastal Hazard Assessment for Christchurch District - Summary Report 
Christchurch City Council 

September 2021 
Job No: 1012976.v1 

 

Table of contents 

1 Why is this coastal hazard assessment needed? 3 

2 What areas does the assessment cover? 3 

3 Who is involved in this work? 4 

4 What international and national guidance is available? 4 

5 What hazards are included in this study? 4 

6 How could climate change affect coastal hazards? 5 

7 When could these higher sea levels be reached? 5 

8 How can ground movement accelerate the effects of sea level rise? 7 

9 What process does the 2021 CHA follow? 7 

10 What input data is used? 8 

11 How much detail does the hazard analysis go into? 8 

12 How much sea level rise is assumed? 10 

13 How is coastal flooding analysed? 12 

14 How is coastal erosion analysed? 14 

15 How is rising groundwater analysed? 16 

16 What areas could be affected by these hazards, now or in future? 17 

17 Applicability 24 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover photo: The Christchurch District coastline viewed from the International Space Station in 2014 
(Credit: ESA/A.Gerst CC BY-SA 2.0. ID: 2014 945_5391). 
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Figure 11.1: Map of Christchurch District, showing the extent of detailed and regional assessment. The detailed 
erosion assessment covers some parts of Lyttelton Harbour (Corsair, Cass, Rapaki, Charteris, Hays & Purau 
bays) and Akaroa Harbour (Wainui, Duvauchelle, Takamatua, Childrens, French & Glen bays). 
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COASTAL HAZARD SUMMARY

How the hazard is assessed
Coastal flooding

�d�Z�����î�ì�î�í�����,�����o�}�}�l�•�����š���(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•�U���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����v�����Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�•�X���d�Z�������Œ���������v���������‰�š�Z���}�(���(�o�}�}���]�v�P���]s 
�u���‰�‰���������Ç�����}�u�‰���Œ�]�v�P���š�Z�����(�o�}�}�����o���À���o���š�}���š�Z�������µ�Œ�Œ���v�š���o���v�����o���À���o���~�����Z�����š�Z�š�µ�������v���o�Ç�•�]�•�[�•�X���d�Z�������v���o�Ç�•�]�•�����}�u���]�v���•���š�Z�������(�(�����š���}�(�W
�‡ Storm tide levels, based on analysis of tide gauge data and a recent (2021) study of tide statistics. 

�‡ Set-up (temporary increase in water level along the coast due to wind and breaking waves), assessed using offshore wave data along the 
open coast. 

�‡ The effect of sea level rise on coastal flooding, assessed by adding the projected sea level rise amount on to the 2020 floodlevel.

Coastal erosion

For the open coast shorelinethe 2021 CHA looks at the overall erosion hazard by combining the effect of:
�‡ Long-term accretion and erosion trends, assessed using historic air photos (1941 to 2019) and beach profile data (1990 to 2020).The 

assessment also considers how these trends could change if more or less sedimentwas supplied from the Waimakariri River in future.

�‡ Short-term erosion events, assessed using beach profile data (1990 to 2020). 

�‡ Erosion of dunes, assessed based on their height and how steeply they can stand before they become unstable.

�‡ The effect of sea level rise on erosion, assessed based on a sandy beach response model. A rise in sea level causes material to be eroded 
from the upper beach and deposited offshore, which can cause landward retreat of the shoreline (or slow the rate of accretion).

Rising groundwater

For this areaa detailed groundwater model had already been developed for the Council by Aqualinc: 
�‡ The 2020 groundwater model was based on data from water level monitoring in the �W�»�Z���Œ���l���l���v�µ�]/ Styx River and 18 groundwater 

monitoring wells across Brooklands and Spencerville.

�‡ The model looks at groundwater levels that will only sometimes be reached (about 15% of the time) and could last for days to months. 

�‡ In future, sea level rise is predicted to cause a rise in groundwater up to 1 - 3km inland from the coast and tidal reaches of the rivers.

Key findings Short Term= now to 2050; 0 to 20cm sea level rise.    Long Term= 2100 and beyond; 1 to 1.5m sea level rise.

TE RIU O TE AIKA KAWA / BROOKLANDS LAGOON TO BOTTLE LAKE FOREST

Overall hazard context

This area can be affected by storm surge, which is a temporary rise in sea and lagoon water level due to a low-pressure weather 
system. The open coast is also exposed to open ocean swell and wind-generated waves which can further elevate water levels. 
The dunes are currently high enough to limit waves running up over the dune crest, protecting the coastal plain further inland 
from the higher dynamic water levels at the coast. However, much of the inland coastal plain is low-lying so is prone to coastal
flooding from Te Riu O Te Aika Kawa / Brooklands Lagoon and �W�»�Z���Œ���l���l���v�µ�]/ Styx river. With sea level rise this area could be 
prone to rising groundwater, which could sometimes rise close or up to the surface (especially near the river and lagoon).

This northern section of the open coast beach is more prone to erosion than the beach further south. This is because the 
northern section has lower accretion rates (much of the sediment from the Waimakariri River is transported further down the 
coast) and greater short-term erosion in storms (it is more exposed). This means that compared to the beach further south, this 
northern section is more sensitive to shoreline changes caused by sea level rise, but less sensitive to changes in sediment 
supply from the Waimakariri River.

�� �Q�š���µ�š���Z�]���l�����Z�Œ�]�•�š���Z�µ�Œ���Z��Open coast beach �t northern section

Short Term �d�Z�������µ�v���•�����Œ�����Z�]�P�Z�����v�}�µ�P�Z���š�}���‰�Œ�}�š�����š���š�Z�����]�v�o���v�������Œ�������(�Œ�}�u�����]�Œ�����š���(�o�}�}���]�v�P�����Ç���š�Z�����}�‰���v���•�������]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X���h�‰���š�}��
20 - 25m width of coastline is prone to short-term storm erosion, or up to 35m at the Waimakariri River mouth.

Long Term �d�Z�������µ�Œ�Œ���v�š�����µ�v�����Z���]�P�Z�š���Á�}�µ�o�������������v�}�µ�P�Z���š�}���‰�Œ�}�š�����š���š�Z�����]�v�o���v�������Œ�������(�Œ�}�u�����]�Œ�����š���(�o�}�}���]�v�P�����Ç���š�Z�����}�‰���v���•�������]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•��
event, however if there is significant erosion of dunes along Brooklands Spit then this could allow the sea to flood into thelagoon. 
While the shoreline currently has an overall long-term trend of accretion, how the shoreline position moves in future depends on 
the balance between supply of sediment from rivers, erosion in storms and shoreline changes caused by sea level rise. For most of 
this coast, if sea level rise exceeds about 40 �t 60 cm over the next 100 years then a switch to a long-term trend of erosion is more 
likely than continued accretion. Up to 30 - 50m width of beach shoreline could be prone to erosion, or up to 100m at the 
Waimakariri River mouth.

�� Brooklands

Short Term Most of this area (both east and west of the river) is low-lying land which is prone to coastal flooding from the lagoon in an 
�}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�X��Groundwater could sometimes rise close or up to the surface on the lower terraces adjacent and to 
the west of the river, and close to the surface in some locations between the river and lagoon.

Long Term Almost all this area (both east and west of the river) ���}�µ�o�����������}�u�����‰�Œ�}�v�����š�}�����}���•�š���o���(�o�}�}���]�v�P���]�v�������(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•�����À���v�š�U���Á�]�š�Z��
groundwater sometimes rising close or up to the surface.

�� Spencerville

Short Term Coastal flooding from the lagoon and river could reach 300 - �ñ�ì�ì�u���]�v�o���v�����]�v�����v���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�U���]�v���Œ�����•�]�v�P���š�}�����}�À���Œ
�u�}�•�š���}�(���š�Z�������Œ�������~���}�š�Z�������•�š�����v�����Á���•�š���}�(���š�Z�����Œ�]�À���Œ�•���]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X��Groundwater could sometimes rise close to the 
surface in lowest-lying areas alongside the river.

Long Term Almost all this area (both east and west of the river) ���}�µ�o�����������}�u�����‰�Œ�}�v�����š�}�����}���•�š���o���(�o�}�}���]�v�P���]�v�������(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•��event, with 
groundwater sometimes rising close to the surface.

�� Bottle Lake Forest

Short Term Lower-lying land within about 500m of the beach could experience flooding from groundwater �]�v�����v���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�X

Long Term Lower-lying hummocky land within about 500 - 1000m of the beach could become prone to coastal flooding from the river and 
lagoon �]�v�����v���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�XGroundwater could sometimes rise close or up to the surface at some locations within 
about 1.5km of the beach.

To see the hazard maps and explore a range of future scenarios, you can use the online map viewer on the Council website.

Brooklands

The coastal 
hazard analysis 
did not look at 
this greyed-out 
inland area

Spencerville

Bottle Lake 
Forest

Environmental setting
�d�Z�]�•���‰���Œ�š���}�(���š�Z�����Q�š���µ�š���Z�]���l�����Z�Œ�]�•�š���Z�µ�Œ���Z�����}���•�š���]�v���o�µ�����•�����µ�v���•��
bordering the open coast beach, the Waimakariri River and mouth 
to the north, the �W�»�Z���Œ���l���l���v�µ�]/ Styx River which flows into TeRiu
O TeAikaKawa / Brooklands Lagoon, and the adjacent coastal plain.

The open coast is a sandy beach shoreline which faces east and is 
sheltered from southerly swell by Te�W���š���l��-o-�Z���l���]�Z���µ�š�»/ Banks 
Peninsula. Over the past 6000 years the shoreline has built out 
seaward several kilometres with sediment (sand and silt) deposited 
from rivers and the sea. This seaward movement is called accretion, 
and has created a series of beach deposits, sand hills, swamps, 
estuaries and lagoons across the low-lying coastal plain. More 
recently, people have modified the land by draining it, clearing 
vegetation and flattening out dunes and hollows. 

The dynamic nature of this environment is demonstrated by the 
formation of the TeRiuO TeAikaKawa / Brooklands Lagoon. This 
happened when the Waimakariri River mouth shifted to its current 
position in a large storm in 1940, with the old river channel then 
filling in to form the lagoon. 

Sediment discharged by the Waimakariri River is transported 
southwards and deposited along the shore, helping replace material 
removed by other coastal processes. Observations of the beach 
position since the 1940s show an overall long-term trend of 
accretion. However, several significant short-term erosion events 
have also been observed over this time, with single storms causing 
10 to 15m width of beach erosion. The shoreline at the northern tip 
of the Brooklands Spit moves in response to the dynamic influence 
of the Waimakariri River.

The dune reaches heights ranging from about 5 to 10m above 
normal high tide level. Minor tracks and access roads have been cut 
through the dunes, but there has been no larger-scale modification 
such as dune flattening or seawalls.

Waimakariri River
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COASTAL HAZARD SUMMARY

How the hazard is assessed
Coastal flooding
�d�Z�����î�ì�î�í�����,�����o�}�}�l�•�����š���(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•�U���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����v�����Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�•�X���d�Z�������Œ���������v���������‰�š�Z���}�(���(�o�}�}���]�v�P���]s 
�u���‰�‰���������Ç�����}�u�‰���Œ�]�v�P���š�Z�����(�o�}�}�����o���À���o���š�}���š�Z�������µ�Œ�Œ���v�š���o���v�����o���À���o���~�����Z�����š�Z�š�µ�������v���o�Ç�•�]�•�[�•�X���d�Z�������v���o�Ç�•�]�•�����}�u���]�v���•���š�Z�������(�(�����š���}�(�W
�‡ Storm tide levels, based on analysis of tide gauge data and a recent (2021) study of tide statistics. 
�‡ Set-up (temporary increase in water level along the coast due to wind and breaking waves), assessed using offshore wave data along the 

open coast and computer software which models the waves generated across the estuary by wind. 
�‡ Flood protection structures may provide a degree of protection now and into the future. To show what could be at risk, the 2021 CHA 

identifies land behind these structures that could be flooded indirectly (e.g., by drainage back-flow) or if the structure was not present.
�‡ The effect of sea level rise on coastal flooding, assessed by adding the projected sea level rise amount on to the 2020 flood level.

Coastal erosion
For the open coast and estuary shoreline the 2021 CHA looks at the overall erosion hazard by combining the effect of:
�‡ Long-term accretion and erosion trends, assessed using historic air photos (1941 to 2019) and beach profile data (1978 to 2020).The 

assessment also considers how these trends could change if more or less sedimentwas supplied from the Waimakariri River in future. 
�‡ Short-term erosion events. For the open coast this is based on beach profile data (1978 to 2020). For the estuary shore this is based on 

storm response models, which consider storm tide levels, wave heights, and how the tidal flats can help to reduce erosion. 
�‡ Erosion of dunes and banks, assessed based on their height and how steeply they can stand before they become unstable.
�‡ The effect of sea level rise on erosion, assessed based on a sandy beach response model. A rise in sea level causes material to be eroded 

from the upper beach and deposited offshore, which can cause landward retreat of the shoreline (or slow the rate of accretion).
�‡ Coastal protection structures may provide a degree of protection against erosion now and into the future. To show what could be at risk, 

the 2021 CHA identifies land that could be prone to erosion if the structure was not present.

Rising groundwater
For this areaa detailed groundwater model had already been developed for the Council by Aqualinc:
�‡ The 2020 groundwater model was based on water level monitoring in the �Q�š���l���Œ�}/ Avon River and 250 monitoring wells across this area.
�‡ The model looks at groundwater levels that will only sometimes be reached (about 15% of the time) and could last for days to months. 
�‡ Sea level rise is predicted to cause a rise in groundwater up to 1 - 3km inland from the coast and tidal reaches of the rivers.

Key findings Short Term= now to 2050; 0 to 20cm sea level rise.    Long Term= 2100 and beyond; 1 to 1.5m sea level rise.

WAIMAIRI BEACH TO TE KARORO KARORO/ SOUTHSHORE SPIT

Overall hazard context

This area can be affected by storm surge, which is a temporary rise in sea and estuary water level due to a low-pressure 
weather system. The open coast is also exposed to open ocean swell and wind-generated waves which can further elevate 
water levels. The dunes are currently high enough (where not removed) to limit waves running up over the dune crest, 
protecting the coastal plain further inland from the higher dynamic water levels at the coast. However, parts of the inland 
coastal plain are low-lying so are prone to coastal flooding from TeIhutai / Avon-Heathcote Estuaryand the �Q�š���l���Œ�}/ Avon 
River, and to rising groundwater caused by sea level rise.

This southern section of the open coast beach is less prone to erosion than the beach further north. This is because the 
northern section has lower accretion rates (much of the sediment from the Waimakariri is transported further down the coast) 
and greater short-term erosion in storms (it is more exposed). This means that compared to the beach further north, this 
southern section is less sensitive to shoreline changes caused by sea level rise, but more sensitive to changes in sediment 
supply from the Waimakariri River.

�� �Q�š���µ�š���Z�]���l�����Z�Œ�]�•�š���Z�µ�Œ���Z���}pen coast beach �t southern section
Short Term �d�Z�������µ�v���•�����Œ�����Z�]�P�Z�����v�}�µ�P�Z���š�}���‰�Œ�}�š�����š���š�Z�����]�v�o���v�������Œ�������(�Œ�}�u�����]�Œ�����š���(�o�}�}���]�v�P�����Ç���š�Z�����}�‰���v���•�������]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X��

Up to 10 - 20m width of beach is prone to short-term erosion caused by storms between periods of gradual accretion.

Long Term �d�Z�������µ�Œ�Œ���v�š�����µ�v�����Z���]�P�Z�š���Á�}�µ�o�������������v�}�µ�P�Z���š�}���‰�Œ�}�š�����š���š�Z�����]�v�o���v�������Œ�������(�Œ�}�u�����]�Œ�����š���(�o�}�}���]�v�P�����Ç���š�Z�����}�‰���v���•�������]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•��
event. However, storms may be able to break through the locations at North Beach and New Brighton with no (or very low) dunes, 
especially if there is significant long-term erosion. This could increase the area and depth of flooding inland. While the shoreline 
currently has an overall long-term trend of accretion, how the shoreline position moves in future depends on the balance between
supply of sediment from rivers, erosion in storms and shoreline changes caused by sea level rise. For most of this beach, if sea
level rise exceeds about 40 - 60cm over the next 100 years then a switch to a long-term trend of erosion is more likely than 
continued accretion. In the long term, up to 10 - 60m width of shoreline could be prone to erosion. 

�� Parklands, Waimairi Beach and North New Brighton
Short Term �E�}�š���‰�Œ�}�v�����š�}�����}���•�š���o���(�o�}�}���]�v�P���]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�U�����•�����µ�v���•���‰�Œ�}�À�]�������‰�Œ�}�š�����š�]�}�v���(�Œ�}�u���š�Z����seaand it is away from the river.

Long Term Coastal flooding through breaks in the dunes, and indirect flooding via groundwater or stormwater pipe backflow, could reach 
150 - 300m inland from the dunes in a�Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�U�����•���Á���o�o�����•�����(�(�����š�]�v�P���o�}�Á���Œ-lying parts of Parklands.Groundwater 
could sometimes rise close to the surface in lower-lying areas.

�� New Brighton   &   �� South New Brighton
Short Term Coastal flooding from the estuary and river could reach 150 - �ñ�ñ�ì�u���]�v�o���v�����]�v�����v���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�U���]�v���Œ�����•�]�v�P���š�}��

250 - �ò�ì�ì�u���]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X���/�v���o�}�Á���•�š-lying areas within 150 - 250m of the river groundwater could sometimes rise 
close to the surface. Up to 15m width of estuary shoreline is prone to short-term storm erosion. 

Long Term Coastal flooding from the estuary and river could reach 300 - 800m inland �]�v�������(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•�����À���v�š�U���]�v���Œ�����•�]�v�P���]�v�������‰�š�Z�����v����
���}�À���Œ�]�v�P���u�µ���Z���}�(���š�Z�]�•�����Œ�������]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X���'roundwater could sometimes rise close or up to the surface over much of 
this area. Up to 35m width of estuary shoreline could be prone to erosion.

�� Southshore / TeKaroroKaroro
Short Term Coastal flooding from the estuary could reach 150 - �ð�ì�ì�u���]�v�o���v�����(�Œ�}�u���š�Z�������•�š�µ���Œ�Ç���]�v�����v���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�U���Á�]�š�Z�������•�]�u�]lar 

���Œ���������µ�š���P�Œ�����š���Œ�������‰�š�Z���]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X���/�v���o�}�Á���•�š-lying areas groundwater could sometimes rise close to the surface.
Up to 15m width of estuary shoreline is prone to short-term storm erosion.

Long Term �D�}�•�š���}�(���š�Z�������Œ���������}�µ�o�����������‰�Œ�}�v�����š�}�����}���•�š���o���(�o�}�}���]�v�P���(�Œ�}�u���š�Z�������•�š�µ���Œ�Ç���]�v�������(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•�����À���v�š. Groundwater could sometimes 
rise close or up to the surface over much of this area. Up to 15 - 40m width of estuary shoreline could be prone to erosion, 
depending on long-term trends along the spit (long-term erosion rates at the south end of the spit are particularly uncertain). 

�� Bexley and Aranui
Short Term Coastal flooding from the river could reach 300 - �õ�ì�ì�u���]�v�o���v�����]�v�����v���}�������•�]�}�v���o���~�Z�í�ì-�Ç�����Œ�[�•�����À���v�š�U���Á�]�š�Z�������•�]�u�]�o���Œ�����Œ���������µ�š���P�Œ�����š��r 

�����‰�š�Z���]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X���/�v���š�Z�����o�}�Á���•�š-lying areas groundwater could sometimes rise close to or up to the surface.

Long Term Coastal flooding from the river could reach 300 - 1000m inland �]�v�������(�Œ���‹�µ���v�š���~�Z�í-�Ç�����Œ�[�•�����À���v�š�U���]�v���Œ�����•�]�v�P���š�}���ò�ì�ì��- 1200m with 
�P�Œ�����š���Œ�������‰�š�Z���]�v�������Œ���Œ�����~�Z�í�ì�ì-�Ç�����Œ�[�•�����À���v�š�X��In the lowest-lying areas groundwater could sometimes rise close or up to the surface.

To see the hazard maps and explore a range of future scenarios, you can use the online map viewer on the Council website.
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Environmental setting
�d�Z�]�•���‰���Œ�š���}�(���š�Z�����Q�š���µ�š���Z�]���l�����Z�Œ�]�•�š���Z�µ�Œ���Z�����}���•�š���]�v���o�µ�����•�����µ�v���•��
bordering the open coast beach, the adjacent low-lying coastal 
plain, and the �Q�š���l���Œ�}/ Avon River which flows into TeIhutai / 
Avon-Heathcote Estuary to the south. 

The open coast is a sandy beach shoreline which faces east and is 
sheltered from southerly swell by Te�W���š���l��-o-�Z���l���]�Z���µ�š�»/ Banks 
Peninsula. Over the past 6000 years the shoreline has built out 
seaward several kilometres with sediment (sand and silt) deposited 
from rivers and the sea. This seaward movement is called accretion, 
and has created a series of beach deposits, sand hills, swamps, 
estuaries and lagoons across the coastal plain. More recently, 
people have modified the land by draining it, clearing vegetation 
and flattening out dunes and hollows.

Sediment discharged by the Waimakariri River is transported 
southwards and deposited along the shore, helping replace 
material removed by other coastal processes. Observations of the 
beach position since the 1940s show an overall long-term trend of 
accretion. However, several significant short-term erosion events 
have also been observed over this time, with single storms causing 
10 to 15m width of beach erosion. The shoreline at the southern 
tip of TeKaroroKaroro/ Southshore Spit moves in response to the 
dynamic influence of TeIhutai / Avon-Heathcote Estuary.

The dune reaches heights ranging from about 6 to 8m above 
normal high tide level, except at North Beach and New Brighton 
where dunes were historically removed for beach-side 
development and are as low as 2m above high tide level. Flood and 
erosion protection structures (of varying type, effectiveness and 
condition) are present at some locations along the river, estuary 
and beach shorelines. 
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