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Developing tsunami evacuation zones for Christchurch City and Banks Peninsula

Executive summary
Background:
Tsunami evacuation zones are the areas that people should evacuate from, or stay out, of as a
precaution during an official tsunami warning, or after a long or strong earthquake.
Christchurch City has had tsunami evacuation zones in place for coastal Christchurch from the
Waimakariri River to Taylors Mistake since 2007. There are currently no tsunami evacuation zones in
place for Banks Peninsula.

The problem:
The existing Christchurch City zones needed to be updated to take into account:

•
•
•
•

changes in ground levels after the 2010/11 Canterbury earthquakes, particularly around the
Avon River
changes in land use since the 2010/11 Canterbury earthquakes
new tsunami modelling undertaken for Christchurch and Banks Peninsula since 2007
new guidelines for developing tsunami evacuation zones issued by the Ministry of Civil Defence
& Emergency Management (MCDEM) in 2008 and updated in 2016.

The existing Christchurch City zones were developed before Banks Peninsula District Council was
incorporated into Christchurch City Council in 2006, and thus only covered the area from the Waimakariri
River mouth to Taylors Mistake. New zones needed to be developed to cover Banks Peninsula from
Godley Head to the outlet of Lake Ellesmere/Te Waihora.

What we did:
Environment Canterbury and Christchurch City Council staff worked together to determine the tsunami
evacuation zones. This report documents the methodology and information used in this process.
We used hydrodynamic modelling of several tsunami scenarios, along with simpler rule-of-thumb
modelling using wave heights at coast to develop revised tsunami evacuation zones for Christchurch
City from the Waimakariri River mouth to Taylors Mistake. We also developed new tsunami evacuation
zones for Banks Peninsula from Godley Head to the outlet of Lake Ellesmere/Te Waihora.
We took into account historic tsunami behaviour, paleotsunami information, available lidar/topographic
data, the practicalities of evacuating or closing parks and other public areas, and the locations of schools
and elderly care facilities. Where possible we used roads or other obvious landmarks as zone
boundaries so that people can more easily determine whether they are in or out of a zone.
We used a three zone approach (red, orange and yellow zones) as outlined in the latest Ministry of Civil
Defence & Emergency Management’s Director’s Guideline for Tsunami Evacuation Zones, although our
use of the orange and yellow zones differs from that recommended in the Director’s Guideline. The
rationale for the zone boundaries for each particular area is explained in this report.
We did not take future sea level rise into account, as evacuation zones are to be used now, not in 50 or
100 years’ time (we recommend that the zones are reviewed at least once every five years).
The resulting tsunami evacuation zones are not tsunami hazard zones, or tsunami risk zones, or
tsunami inundation zones. They are areas that we recommend people evacuate from as a precaution
after they feel a long or strong earthquake, or in an official tsunami warning. Every tsunami is different
depending on its source, the direction it is arriving from, and the sea state and tide at the time, and there
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is no one tsunami that would inundate an entire zone. Rather, the zones represent an ‘envelope’ around
many different possible tsunami scenarios.

What does it mean?
We recommend that:
•

•
•
•

People keep out of the red zone (coastal rocks, beaches, estuaries, harbours, bays and river
mouths) in an official warning of a tsunami up to 1 metre wave height at coast (a Beach and
Marine warning).
People evacuate the red and orange zones in an official warning of a tsunami up to 5 metres
wave height at coast (a Land and Marine warning).
People evacuate the red, orange and yellow zones in an official warning of a tsunami larger
than 5 metres wave height at coast (a Land and Marine warning).
People evacuate the red and orange zones immediately if they feel a long (more than one
minute) or strong (difficult to stand up) earthquake. People do not need to evacuate the yellow
zone in a long and strong earthquake because, with our current understanding, there are no
local or regional tsunami sources that would cause a tsunami larger than 5 metres wave height
at coast for the Christchurch coastline and inhabited parts of the Banks Peninsula coastline.
(There are some isolated areas of the northern Banks Peninsula coastline where a local or
regional source tsunami could cause a greater than 5 metre wave height at coast and in these
areas the orange zone has been extended inland further.)

The tsunami evacuation zones are fundamentally about life safety and are primarily for evacuation
planning and public education. The tsunami evacuation zones are not appropriate for property-specific
land use planning, but may be useful for strategic development planning and infrastructure planning as
they do indicate areas of higher vulnerability where future development should generally be more
carefully managed. The tsunami evacuation zones can be included on Land Information Memoranda
(LIMs) and Land Information Requests (LIRs), but these must be clearly worded to explain what the
zones do and don’t mean.
Our understanding of New Zealand’s tsunami hazard is always improving. We recommend that the
tsunami evacuation zones are reviewed within five years, taking into account:
•
•
•
•
•
•

ii

the effects of any actual tsunami
new tsunami modelling (both scenario and probabilistic), which would also take into account
any sea level rise
changes to the natural environment
changes in land use
changes in demographics
any changes to the recommended approach for delineating tsunami evacuation zones.
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Introduction

Tsunami evacuation zones are the areas that people should evacuate from or stay out of as a precaution
during an official tsunami warning, or after a long or strong earthquake.
Christchurch City has had tsunami evacuation zones in place for coastal Christchurch from the
Waimakariri River to Taylors Mistake since 2007. These zones have been available on the Christchurch
City Council website and a pamphlet provided to coastal residents.

Figure 1-1:

Existing tsunami evacuation zones for Christchurch City.
superseded by the information in this report
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These zones needed to be updated to take into account:

•
•
•
•

changes in ground levels after the 2010/11 Canterbury earthquakes, particularly around the
Avon River
changes in land use since the 2010/11 Canterbury earthquakes
new tsunami modelling undertaken for Christchurch and Banks Peninsula since 2007
new guidelines for developing tsunami evacuation zones issued by the Ministry of Civil Defence
& Emergency Management (MCDEM) in 2008 and updated in 2016.

The existing zones were developed before Banks Peninsula District Council was incorporated into
Christchurch City Council in 2006, and thus only covered the area from the Waimakariri River mouth to
Taylors Mistake. New zones needed to be developed to cover Banks Peninsula from Godley Head to
the outlet of Lake Ellesmere/Te Waihora.

2
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2

Christchurch and Banks Peninsula’s tsunami
hazard

The Christchurch and Banks Peninsula coastline is exposed to tsunamis generated both off the New
Zealand coast, and from across the Pacific Ocean.
Tsunamis are classified as local, regional or distant source, by how long they take to travel from where
they are created to a particular piece of coast (so, for instance, one tsunami can be a local source
tsunami for one location, and a regional source tsunami for another location further away from the
source).

2.1

Local source tsunamis

A local source tsunami is a tsunami generated close to shore, usually by an underwater earthquake or
landslide, which takes less than one hour to reach the coast. The likelihood of a damaging local source
tsunami being generated off the Christchurch or Banks Peninsula coast is thought to be very low.
Currently, there are no known local tsunami sources (offshore earthquake faults or underwater
landslides) in Pegasus Bay or the Canterbury Bight that would cause a tsunami big enough to inundate
land along the open coast (i.e. Waimakariri River to Sumner, or Kaitorete Barrier). There is a possibility
that a local tsunami source (offshore earthquake fault or underwater landslide) in Pegasus Bay or the
Canterbury Bight could cause damaging wave heights at the heads of Banks Peninsula harbours and
bays. This is because of the way that tsunami waves can be funnelled into these narrow harbours and
bays and amplified. The earthquake that could cause a local source tsunami would be felt as a strong
earthquake (an earthquake where it is hard to stand up) in Christchurch and Banks Peninsula. There
will not be time to issue an official warning before the first tsunami waves would be due to arrive.

2.2

Regional source tsunamis

A regional source tsunami is a tsunami that takes between one and three hours to reach the coast. For
Christchurch and Banks Peninsula this includes tsunamis generated by large earthquakes off the
Hurunui or Kaikoura coast, Cook Strait, the eastern North Island coast and possibly the Fiordland coast.
A tsunami from these locations is possible but modelling to date shows that it would be unlikely to be
greater than 5 metres wave height above normal sea level for the Christchurch coastline and inhabited
parts of the Banks Peninsula coastline. There are some isolated areas of the northern Banks Peninsula
coastline where a regional source tsunami could cause a greater than 5 metre wave height at coast.
This sort of tsunami could flood low-lying areas of Christchurch and the heads of Banks Peninsula
harbours and bays. The earthquake causing a regional source tsunami would be felt in Christchurch
and Banks Peninsula as a mild or moderate but long (more than a minute) earthquake. There probably
will not be enough time to issue an official warning before the first tsunami waves would be due to arrive,
unless it is at the upper end of the one to three hours’ time frame. However, in regional (and distant)
source tsunamis the largest waves often arrive after the first waves, so it is still important to issue official
warnings, even after the first waves may have arrived.

2.3

Distant source tsunamis

A distant source tsunami is a tsunami that takes more than three hours to reach the coast. For
Christchurch and Banks Peninsula this includes tsunamis generated by a large earthquake in the Pacific
Islands or from across the Pacific Ocean. This is the most likely tsunami source for Christchurch and
Banks Peninsula and could generate the largest wave heights at coast for Christchurch and Banks
Peninsula (9-12 metres for a 2500 year return period tsunami). This sort of tsunami could flood
significant areas of eastern Christchurch and Banks Peninsula in a worst-case scenario. The
earthquake would not be felt in Christchurch or Banks Peninsula but there would be enough time to
issue an official warning and, if the tsunami was coming from across the Pacific Ocean with a 12+ hour
travel time, undertake a managed evacuation.

Environment Canterbury Technical Report

3

Developing tsunami evacuation zones for Christchurch City and Banks Peninsula

The Canterbury coast from approximately Pegasus Bay south is different from the rest of New Zealand
in that the largest tsunami threat, both in terms of potential size and likelihood, is a distant source
tsunami rather than a local or regional source tsunami. For most other areas in New Zealand the largest
tsunami threat, in terms of potential size at least, is a local or regional source tsunami. This creates
some particular challenges for developing nationally consistent approaches to tsunami evacuation
zones and communicating what they mean. This is discussed in the following section.

4
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Approach to developing tsunami evacuation
zones

The approach used to develop the tsunami evacuation zones for Christchurch and Banks Peninsula
follows the Ministry of Civil Defence & Emergency Management’s (MCDEM’s) 2016 Director’s Guideline
for Tsunami Evacuation Zones (the “Director’s Guideline”). The purpose of the guideline is “to provide
for a nationally consistent approach to developing tsunami evacuation zones, maps, and public
information for CDEM Groups and local authorities”. The guideline is part of a suite of national plans,
standards and guidance for tsunami risk management.

3.1

The three zone approach

The Director’s Guideline recommends a three-zone approach, comprising red, orange and yellow zones.
This is a balance between a one-zone approach, which would have to be based on a worst case scenario
resulting in significant over-evacuation in almost all cases, and a more-than-three-zone approach, which
would require far more information to map and present many more planning and communication
complexities. The zones are defined as follows:
Red zone

The red zone is intended as a marine and beach exclusion zone (including beaches,
harbours, river mouths and estuaries) that can be designated off limits in the event of
any expected tsunami that is above the minimum MCDEM warning threshold (currently
0.2 m wave height at coast above water level at the time). This represents the most
vulnerable area to tsunamis and is the first place people should evacuate from in an
official warning or after a long or strong earthquake. People can expect to evacuate this
zone every few to several years (i.e. several times in a lifetime).
Defining the red zone depends on available elevation data available. It should include
beaches, rocky foreshore, lagoons, estuaries, harbours and tidal parts of river mouths
to at least 2 metres above mean high water springs.
The Director’s Guideline does not recommend a seaward boundary for the red zone,
but states that “the red zone should be visible along the entire coast at the map's scale,
so it should be enlarged to create a decent visual red line along any coast where it is
otherwise visually too thin to be clear”.
We give more detail on how the red zone was drawn in Section 5.1.
The Director’s Guideline also provides recommended advice for ports, shipping and
people in boats, which is not covered in this report.

Orange zone

The intent of the orange zone is to provide a ‘middle zone’ to avoid over-evacuation in
most tsunami warnings or events. The Director’s Guideline recommends that the
orange zone should encompass the potential inundation of the largest tsunami that
could be expected in an approximately 500 year return period, and that it should also
correspond to a MCDEM tsunami threat level (described in Table 3-1) to aid in
evacuation decisions.
The New Zealand Probabilistic Tsunami Hazard Model gives the 500 year return period
wave height at coast for Christchurch and Banks Peninsula as between 4 and 9 metres,
depending on location, and incorporating uncertainties in the model. We have chosen
a value of approximately 5 metres wave height at coast as the boundary between the
orange zone and the yellow zone, because this is a MCDEM threat level boundary (the
next threat level boundary up is 8 metres), although in many areas the orange/yellow
boundary has ended up further inland than this because of other factors. Five metres
wave height at coast was also chosen because in Christchurch and most of Banks
Peninsula our modelling to date shows that there are no local or regional sources that
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would produce a wave larger than this, so it provides an appropriate constraint on the
area that would need to be evacuated after a long or strong earthquake.
The orange zone can be defined using rule of thumb modelling (Level 2 modelling in
the Director’s Guidelines, explained in Section 4) or hydrodynamic modelling (Levels 3
and 4 in the Director’s Guidelines). The Director’s Guideline also states that the inland
boundary of this zone can be extended inland to use features familiar to the community
such as street names and key landmarks.
People can expect to evacuate this zone a few times in a lifetime.
We give more detail on how the orange/yellow zone boundary was drawn for each for
specific area in Section 5.2.
Yellow zone

The yellow zone should cover all maximum credible tsunami events including the
highest impact events. It should be defined so that it encompasses the area expected
to be inundated by a 2500 year return period tsunami. No rounding of the yellow zone
to a MCDEM threat level boundary is necessary.
For Christchurch and most of Banks Peninsula we have used a 2500 year return period
distant-source tsunami scenario to define the inland extent of the yellow zone, as this is
considered to be the worst case scenario for Christchurch and Banks Peninsula from
any source. For parts of Banks Peninsula where we do not have hydrodynamic
modelling the 2500 year return period wave height at coast (above normal sea level at
the time) from the New Zealand Probabilistic Tsunami Hazard Model (Power, 2013a
and 2013b) is used. These values are described in more detail in Section 5.2.
The yellow zone can be defined using rule of thumb modelling (Level 2 modelling in the
Director’s Guidelines, explained in Section 4) or hydrodynamic modelling (Levels 3 and
4 in the Director’s Guidelines) and the Director’s Guideline states that the inland
boundary of this zone can be extended inland to use features familiar to the community
such as street names and key landmarks.
We only envisage evacuating this zone once every several hundred years, so while it is
possible people will have to evacuate this zone sometime in their lifetime, it is unlikely.

The Director’s Guideline recognises that two zones (the red zone and one land evacuation zone) may
be appropriate in areas where steep coastal land means the orange or yellow zone becomes too narrow
to effectively map and apply, or for simplicity within a lightly populated area. In this case the orange
zone should be extended inland to incorporate the yellow zone. The Director’s Guideline also
recognises that those parts of the coastline with sufficiently high coastal cliffs only require a single (red)
zone for practical purposes.
It is important to recognise that the tsunami evacuation zones are not tsunami hazard zones, or
tsunami risk zones, or tsunami inundation zones. They are areas that we recommend people
evacuate from as a precaution after they feel a long or strong earthquake, or in an official tsunami
warning. Every tsunami is different depending on its source, the direction it is arriving from, and the sea
state and tide at the time, and there is no one tsunami that would inundate an entire zone. Rather, the
zones represent an ‘envelope’ around many different possible tsunami scenarios. Inevitably this will
lead to some degree of over-evacuation in any tsunami event. However, it is much more practical and
simple from a planning and communications point of view to have three zones based on some set
criteria, rather than hundreds of zones, each based on a possible scenario.

6
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3.2

Inconsistency with the Director’s Guideline

The Director’s Guideline is written on the assumption that the local or regional source tsunami hazard
is greater than the distant source tsunami hazard for the whole of New Zealand, i.e. the ‘worst case’
local or regional source tsunami will inundate a larger area than the ‘worst case’ distant source tsunami.
The modelling we have undertaken to date shows that this is not the case for the Canterbury coast south
of the Waipara River mouth. In this area our models show the ‘worst case’ distant source tsunami
inundating a larger area than the ‘worst case’ local or regional source tsunami.
The Director’s Guideline states that the orange zone should encompass most, if not all, regional and
distant source tsunami scenarios and that the yellow zone should encompass the worst case local
source scenarios. In contrast, for Christchurch City and Banks Peninsula, the orange zone
encompasses all regional and local source scenarios, to the best of our knowledge at present, and the
yellow zone is based the worst case distant source scenario (although the vast majority of distant source
scenarios would fall into the red and orange zones, as they will be much smaller than the worst case
scenario).
This presents a challenge for nationally consistent evacuation messaging. The Director’s Guideline
states that people should evacuate all zones, including the yellow zone, if they feel a long or strong
earthquake (i.e. in a local source tsunami event). In Christchurch, as we currently understand our
models, this would result in significant over-evacuation. This may also be the case in Banks Peninsula,
but to a much lesser degree because of the lower population and generally steep topography. We
therefore recommend that public education and public information messaging states that people should
evacuate only the red and orange zones if they feel a long or strong earthquake in Christchurch or Banks
Peninsula. People only need to evacuate the yellow zone if they are instructed to in an official warning
(it is envisaged that this would only be in an unlikely, very large distant source tsunami). This is also
the approach that the Otago CDEM Group have taken for their recently released tsunami evacuation
zones for the Otago coast. This means that the Christchurch, Banks Peninsula and Otago yellow zones
require different actions from other yellow zones around New Zealand, which makes nationally
consistent public education difficult.
At present, national warnings only refer to moving immediately to “the nearest high ground, out of
tsunami evacuation zones, or as far inland as possible” rather than “out of all tsunami evacuation zones”,
which gives Canterbury and Otago some flexibility in the use of the zones.
MCDEM is planning to review its tsunami standards and guidance over the coming years and we will
continue to work with them to address this issue. We also plan to continue improving our understanding
of Canterbury’s tsunami hazard, and it may be that the difference in the ‘worst case’ distant source and
the ‘worst case’ regional or local source is in fact less significant than originally thought, in which case
the zones may be adjusted accordingly (see Section 7 regarding reviewing the tsunami evacuation
zones).

3.3

Triggering evacuations

The Director’s Guideline provides information for triggering evacuations based on tsunami warnings.
Processes and responsibilities for tsunami warnings are described in the National Tsunami Advisory
and Warning Plan (SP01/09) (MCDEM, 2014).
Evacuations may be triggered by two types of warning:
•

•

Natural (long or strong earthquake, unusual sea behaviour) – in which case the red and
orange zone should be evacuated in Christchurch and Banks Peninsula (see Section 3.2 for
why this advice is different from the advice in the Director’s Guideline).
Official – in which case warnings will usually state the zone(s) to be evacuated. (One
exception is the Emergency Mobile Alerts from MCDEM using cell broadcasts during a
potential local/regional source tsunami, which state “move immediately to the nearest high
ground, out of tsunami evacuation zones, or as far inland as possible”, in which case people
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need to know in advance which zones to move from for a local/regional source tsunami – in
Christchurch’s case, the red and orange zones. This wording, rather than saying “all tsunami
evacuation zones” allows Canterbury and Otago the flexibility to use the yellow zone in a
different way to the rest of New Zealand.)
For official warnings, the tsunami evacuation zones correspond to MCDEM’s tsunami threat levels.
During a developing tsunami event, a national-level panel of tsunami experts calculate the expected
range of wave heights for different sections of the New Zealand coast. The wave heights are reported
to MCDEM in terms of standard ranges or “threat levels”. These threat levels, and the corresponding
evacuation zone that would require evacuation in Christchurch and Banks Peninsula, are given in
Table 3-1 below.
Table 3-1:

Relationship between MCDEM threat levels, threat definitions and evacuation
zones for Christchurch and Banks Peninsula for official tsunami warnings

MCDEM threat levels
(expected wave height
at coast above normal
sea level at the time)
<0.2 m
0.2-1 metres
1-3 metres
3-5 metres
5-8 metres
8+ metres

Threat definition

Christchurch and Banks Peninsula
evacuation zones that people should
evacuation from

No threat
Beach and Marine Threat
Land and Marine Threat

None
Red zone
Red and orange zones
Red and orange zones
Red, orange and yellow zones
Red, orange and yellow zones

This provides more certainty on which areas should be evacuated in what threat level. However,
decision makers should bear in mind that MCDEM threat levels will often change during a tsunami event
as more data becomes available to the tsunami scientists that advise MCDEM. Therefore decision
makers need to be prepared to change their evacuation advice if the threat level changes during an
event.
If a local or national state of emergency is declared (e.g. in an official warning for a large distant-source
tsunami, if considered necessary), authorities may direct the evacuation or exclusion of people from the
tsunami evacuation zones for the preservation of human life under s86 of the Civil Defence Emergency
Management Act 2002. If there is no state of emergency declared, the zones are to be considered
advisory zones only.
Table 3-2 provides a summary of the different zones, what they are based on, and the actions that
people should take.
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Tsunami evacuation zones for Christchurch and Banks Peninsula, what they are based on and recommended actions

Tsunami
evacuation
zone

Long or
strong
earthquake
Long (more
than a minute)
or
strong (hard
to stand up)
earthquake =
EVACUATE

Red

MCDEM
warning/threat
level
Beach and
Marine Warning
Threat Level
0.2–1m

Technical Meaning
• Shore exclusion zone, as per the MCDEM
Director’s Guideline.
• Includes beach, estuary, lagoon and river
areas.
• Does not include any residential buildings, but
may include recreational buildings or facilities
like boatsheds and surf lifesaving clubs.

Public Message
• Move out of this zone if you feel a long (more than a
minute) or strong (hard to stand up) earthquake.
“Long or strong, get gone.”
• Move out of this zone in any official tsunami warning,
even if the tsunami will not flood land. Even small
tsunamis can cause strong and unpredictable surges
and currents in the water and in rivers which can
knock you off your feet.
• You can expect to evacuate this zone every few to
several years (several times in someone’s lifetime).

Long (more
than a minute)
or
strong (hard
to stand up)
earthquake =
EVACUATE

Orange

Land and
Marine Warning
Threat Level
1-3m and 3-5m

• Orange/yellow boundary based on a 5 metre
wave height at coast above normal sea level at
the time from ANY tsunami source, which
equates to a 200-500 year return period for
Christchurch (Power, 2013a).
• MCDEM Director’s Guidelines recommend the
orange/yellow boundary be approximately the
500 year return period tsunami, and match a
threat level boundary, to make evacuation
decision-making more straightforward. Five
metres tsunami wave height at coast is
considered appropriate for Christchurch – other
parts of the country may use 3 or 8 metres.
• This is the zone that should be evacuated in a
long or strong earthquake, as there are no
known local or regional sources that would
create a tsunami larger than 5 metres at coast
for Christchurch and inhabited parts of Banks
Peninsula. This zone can also be used for a
distant source tsunami less than 5 metres wave
height at coast (the vast majority of them).

• Move out of this zone if you feel a long (more than a
minute) or strong (hard to stand up) earthquake.
“Long or strong, get gone”
• If you cannot get out quickly (i.e. within 5-10
minutes), consider moving to the second floor of a
two or multi story building (not the roof).
• Walk or bike if you can, to keep the roads free for
those who really need to use cars.
• Move out of this zone if you are told in an official
tsunami warning.
• You can expect to evacuate this zone a few times in
a lifetime.
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Yellow
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No Colour

Long or
strong
earthquake
Long (more
than a minute)
or
strong (hard
to stand up)
earthquake =
there is no
need to
evacuate

Long (more
than a minute)
or
strong (hard
to stand up)
earthquake =
there is no
need to
evacuate

MCDEM
warning/threat
level
Land and
Marine Warning
Threat Level
5-8m and 8+m

Technical Meaning
• Inland boundary based on 2500 year return
period ‘worst case’ tsunami from ANY source.
For Christchurch this is most likely to be a very
large tsunami from South America.
• The inland extent of this zone is based on
modelling of a tsunami generated by a M9.485
earthquake off the South American coast.
• We have also considered GNS Science rule of
thumb modelling using the 2013, 2500 year
(84%ile) probabilistic wave height at coast for
Christchurch (~12 metres).

There is no
need to
evacuate this
area in any
official tsunami
warning.

• We don’t ever expect this area to be inundated
by a tsunami, unless it is an extreme event (e.g.
a meteor) that we cannot foresee.

Public Message
• You do not need to evacuate this zone if you feel a
long (more than a minute) or strong (hard to stand
up) earthquake.
• Only move out of this zone if you are told to in an
official tsunami warning (you will be told to “evacuate
the yellow zone”).
• You can self-evacuate in any tsunami for your own
comfort and well-being, but please be mindful of
keeping roads clear for those nearer the coast who
do need to get out.
• We only expect to evacuate this zone once every
several hundred years, if there is a large tsunami
coming from several hours away. While it is possible
you will have to evacuate this zone sometime in your
lifetime, it is unlikely.
• You do not need to evacuate this zone if you feel a
long (more than a minute) or strong (hard to stand
up) earthquake.
• You will not be told to leave this area in any official
tsunami warning because there is no need to
evacuate.
• You can self-evacuate for your own comfort and
well-being, but please be mindful of keeping roads
clear for those nearer the coast who do need to get
out.
• Currently, there is no tsunami scenario we know of
that you will need to evacuate this area for.
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3.4

Vertical evacuation

There are some areas, notably South Brighton and Southshore, where it may not be possible for
everyone to evacuate inland quickly after a long or strong earthquake. In this instance vertical
evacuation – moving to the upper storey (not the roof) of a two- or multi-storey building – may be a safer
and more practical option. We do not recommend going up onto the roof of a building after a long or
strong earthquake, as the chances of going onto the roof and falling off, especially with young children,
are much higher than the chances that a damaging tsunami has been generated.
There are also some elderly care facilities in the orange zones where it may be preferable to move
residents to the upper story of the building after a long or strong earthquake, or during an official tsunami
warning, rather than evacuating them. Tsunami evacuation plans for these facilities need to be worked
through on a case-by-case basis, with advice from Christchurch City Council and Environment
Canterbury.
The Director’s Guideline provides further advice on vertical evacuation and MCDEM is currently
developing guidelines for vertical evacuation with the Ministry of Business, Innovation and Employment
which will provide guidance for building vertical evacuation structures, and evaluating existing structures
for use as vertical evacuation.
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4

Tsunami models and other information used

4.1

Hydrodynamic inundation models

Environment Canterbury has commissioned several tsunami modelling reports for different tsunami
scenarios, using physics-based hydrodynamic models (‘Level 3 modelling’ in the Director’s Guideline).
These models take into account complexities such as changes in the direction and velocity of water flow
under the influence of the shape of the land, and the built environment. These models have all been
considered in developing the tsunami evacuation zones.
Hydrodynamic inundation modelling has only been undertaken in areas significantly populated areas
where good quality topographic (lidar) data is available: Christchurch (Waimakariri River mouth to
Taylors Mistake), Lyttelton Harbour and Akaroa Harbour. Hydrodynamic inundation modelling has not
been undertaken for the Banks Peninsula bays, or for Birdlings Flat/Kaitorete Barrier.

4.1.1

South American tsunami modelling (2012)

We commissioned NIWA to model a ‘worst case’ (~2500 year return period) tsunami generated by a
moment magnitude 9.1 earthquake off the coast of Peru using the RiCOM model following the 2011
Christchurch earthquake.
This model covered the Waimakariri and Christchurch coasts from Waikuku Beach to Taylors Mistake
and was undertaken to take into account the changed ground levels in parts of Kaiapoi and Christchurch
after the 2010/11 Canterbury earthquakes. Lyttelton and Akaroa harbours were not included as they
had been modelled previously (Gillibrand, et al., 2011) and ground levels did not change significantly as
a result of the earthquakes.
The model generated wave heights above normal sea level at the time of up to 8 metres, but less than
5 metres in most places along the Christchurch coast.
The accompanying report, with details on the model and the results, is Lane, et al., 2012, Modelling
Coastal Inundation In Christchurch and Kaiapoi From A South American Tsunami Using Topography
From After The February 2011 Earthquake. Environment Canterbury report R12/38, available on the
Environment Canterbury website. This report was peer reviewed by Derek Todd, a coastal scientist at
DTec Consulting Ltd and Professor James Goff, a paleotsunami scientist, from the University of New
South Wales.

4.1.2

South American tsunami modelling (2014)

The updated New Zealand Probabilistic Tsunami Hazard Model (Power, 2013a and 2013b) proposed
that the maximum effective magnitude for a ‘worst case’ earthquake from Peru was moment magnitude
9.485, significantly higher than the moment magnitude 9.1 earthquake previously modelled. The
effective magnitude takes into account variable slip on the plate boundary fault during an earthquake.
We thus commissioned NIWA to remodel the Peru scenario using the higher moment magnitude.
The model covered 13 locations in Canterbury, including Christchurch from the Waimakariri River mouth
to Taylors Mistake, and Lyttelton and Akaroa harbours.
The model generated wave heights above normal sea level at the time of over 9 metres along parts of
the Christchurch and Banks Peninsula coast.
The accompanying report, with details on the model and the results, is Lane, et al., 2014, Updated
inundation modelling in Canterbury from a South American tsunami. Environment Canterbury report
R14/78, available on the Environment Canterbury website. This report was not peer reviewed because
it used the same model and the same topography and bathymetry as the 2012 NIWA report. The only
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difference was the source model which was derived from the New Zealand Probabilistic Tsunami Hazard
Model in collaboration with William Power, its compiler.

4.1.3

Hikurangi subduction zone and Wairarapa Fault modelling (2015)

We had little understanding of the effects of a regional-source tsunami on the Canterbury coast, so we
commissioned NIWA to model an extreme (~2500 year return period) tsunami generated by a moment
magnitude 9 earthquake on the southern Hikurangi subduction zone, a moment magnitude
8.6 earthquake on the Wairarapa Fault, and a combined Hikurangi subduction zone/Wairarapa Fault
earthquake with an effective magnitude of 9.15. This modelling also used the RiCOM model.
The model covered 13 locations in Canterbury, including Christchurch from the Waimakariri River mouth
to Taylors Mistake, and Lyttelton and Akaroa harbours.
The model generated wave heights above normal sea level at the time of 1-4 metres for most of the
Christchurch and Banks Peninsula coastline, with some small areas along the very sparsely populated
northern coast of Banks Peninsula where wave heights above normal sea level at the time were up to
9 metres. This produced significantly less inundation in Christchurch and Lyttelton and Akaroa harbours
than an extreme South American tsunami.
The accompanying report, with details on the model and the results is Kohout, et al., 2015, Hikurangi
Subduction Zone and Wairarapa Fault Tsunami Modelling for the Canterbury Coast. Environment
Canterbury report R15/130, available on the Environment Canterbury website. This report was peer
reviewed by Derek Todd, a coastal scientist at DTec Consulting Ltd.

4.1.4

South American tsunami modelling (2017)

The 2011, 2012 and 2014 South American models assumed that there was no water in any rivers, and
that the coastal dunes along Pegasus Bay would retain their morphology through a tsunami event (i.e.
that the dunes would not erode, and that subsequent waves would therefore not penetrate further
inland). We asked NIWA to remodel the South American ‘worst case’ scenario (using the moment
magnitude 9.485 source earthquake), assuming flow in the Waimakariri, Avon and Heathcote rivers,
and assuming a number of dune breach scenarios, provided by Environment Canterbury. The model
grid also used more detailed post-earthquake river bathymetry than the 2014 model. The model showed
significantly more inundation of low-lying land adjacent to the Avon and Heathcote rivers (much of which
is residential red zone) in a worst case scenario, albeit mostly less than 1 metre deep.
The model covered Christchurch and Kaiapoi from The Pines/Kairaki Beach to Taylors Mistake.
The accompanying report is Lane, et al., 2017, Distant tsunami inundation modelling incorporating dune
failures and river flow in Christchurch, Environment Canterbury report. This report is still at draft stage
and will be available on the Environment Canterbury website once finalised. It was peer reviewed by
Jose Borrero, a tsunami hazard specialist at eCoast.

4.2

‘Rule of thumb’ (empirical calibrated attenuation) model

We also took into account the ‘rule of thumb’ model, developed by GNS Science, referred to in the
Director’s Guideline as Level 2 modelling. This is an empirical model, describing observed past events,
of minimum tsunami attenuation (drop-off) inland, calibrated using recorded tsunami data. Minimum
attenuation means that the model is conservative for life safety and it allows for maximum credible runup height and run-in distance inland from large recent subduction tsunamis.
The rule of thumb assumes that the tsunami wave arrives at high tide, the tsunami wave then doubles
when it hits land (as run up on land – the highest point above sea level that a tsunami reaches – can be
up to twice the wave height at coast depending on the steepness of the land), and then decreases by
1 metre for every 200 metres it travels inland, and by 1 metre for every 400 metres it travels up a river
mouth, starting with a set tsunami wave height at coast (see Figure 4-1). It has been developed from
empirical observations of tsunami run up in historic tsunamis. The rule of thumb model is relatively easy
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to run, and is much cheaper than hydrodynamic modelling, but is highly conservative and tends to
overestimate inundation, particularly on flat land, but is more realistic at the heads of narrow harbours
and bays.

Figure 4-1:

The rule of thumb model

We calculated the rule of thumb inundation for five different wave heights at coast: 3 metres, 5 metres
and 8 metres (these correspond to the MCDEM threat level boundaries), and the 500 year return period
(84th percentile) and 2500 year return period (84th percentile) wave heights at coast above normal sea
level at the time (that is, the tsunami height above whatever the sea level is at the time the waves arrive,
which depends on the tide stage, swell and any storm surge) from all sources, taken from the New
Zealand Probabilistic Tsunami Hazard Model (Power, 2013a and 2013b). The 500 year and 2500 year
wave heights at coast introduce a further level of conservatism to the rule of thumb model, as these
values are calculated for each 20 km section of coastline in New Zealand. The reported value for each
20 km section of coastline is the maximum calculated value within that 20 km section, so for the majority
of the 20 km section the actual 500 or 2500 year return period value will be smaller. Rule of thumb
inundation modelling was calculated for the entire coastline from the Waimakariri River mouth to the
outlet of Lake Ellesmere/Te Waihora using the best topographic data available at the time (2011 lidar
for Christchurch, 2008 lidar for Lyttelton and Akaroa harbours and Birdlings Flat/Kaitorete Barrier, and
the 8m Digital Elevation Model derived from the LINZ 20m contours for Banks Peninsula bays).
In determining the tsunami evacuation zones we took into account the rule of thumb inundation for 5 and
8 metre wave heights at coast (for the orange/yellow zone boundary) and the 2500 year return period
from all sources (for the inland extent of the yellow zone). The 2500 year return period (84th percentile)
wave heights at coast above normal sea level at the time from all sources from the New Zealand
Probabilistic Tsunami Hazard Model for Christchurch and Banks Peninsula are:
•
•
•
•
•
•

Christchurch – 12.7 metres
Lyttelton to Little Akaloa – 12.7 metres
Okains and Le Bons Bays – 13.8 metres
Eastern bays (including Hickory Bay) – 10.3 metres
Akaroa Harbour – 9.4 metres
Southern Bays and Birdlings Flat – 9.1 metres

These values are the maximum value calculated in that 20 km section of coastline, so for most of the
coastline the 2500 year return period wave height at coast is not this high. The size of the 2500 year
return period tsunami for any location in New Zealand is also extrapolated from a number of smaller
tsunami models, so it is recognised that this value is likely to be overestimating the size of very large
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distant source events to some degree (William Power, pers comm). This is evident in the higher
resolution scenario models run by NIWA and Jose Borerro, who peer reviewed the 2017 NIWA report,
neither of whom could generate a wave height of 12.7 metres at the Christchurch coastline from a worst
case South American tsunami. Models run by both could only generate a 8-10 metre wave height at
coast from the deaggregated earthquake parameters supplied from the New Zealand Probabilistic
Tsunami Hazard Model.
We did not give the rule of thumb model much weight in areas where we had hydrodynamic models
(Christchurch and Lyttelton and Akaroa harbours), but relied on it in the Banks Peninsula bays where
there is no hydrodynamic modelling.

4.3

Other considerations

Whilst mainly based on modelled tsunami inundation from rule of thumb and hydrodynamic modelling,
we also took into account several other factors in determining the tsunami evacuation zone boundaries:
•

•
•
•

•

•

Historic tsunami behaviour – for example, tsunami waves have been funnelled into the heads
of Banks Peninsula bays and harbours during historic tsunamis, flowing up streams and
inundating some land to a greater degree than the estimated wave heights at coast would
have predicted. We have therefore been particularly conservative with zones at the head of
Banks Peninsula bays and harbours and have extended zones further inland than the rule
of thumb modelling.
Available paleotsunami (pre-historic tsunami) information.
Available lidar or other elevation information.
The logistics of evacuating/closing public areas – if part of a park or other public space is
shown to be inundated by the models, then we have usually included the entire park or public
space in the evacuation zone because it is easier from a management point of view to close
an entire park or public space than just part of it.
The location of schools and rest homes – schools near zone boundaries have generally been
included in the zone (schools are generally occupied less than a quarter of the time, and
parents would generally want their children to be evacuated in a tsunami warning, even if
they don’t need to be) while rest homes near zone boundaries have generally been excluded
from the zone (the zones are already conservative, and it is better not to move elderly people
unless it is absolutely necessary, as this often has negative health outcomes).
The location of roads and other obvious landmarks – these have been used as zone
boundaries where possible so that people can more easily determine whether they are out
of the evacuation zone.

The approach we have taken does not take into account future sea level rise. This is because the
evacuation zones outlined here are to be used now, not in 50 or 100 years’ time. We recommend that
tsunami evacuation zones be reviewed at least every five years (see section 7), and any sea level rise
be taken into account during the review.
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5

The tsunami evacuation zones

Environment Canterbury and Christchurch City Council staff worked together to determine the tsunami
evacuation zones. This section provides detail on how the tsunami evacuation zone boundaries were
delineated for each area.
The zones for Christchurch (Waimakariri River mouth to Taylor’s Mistake) were determined in a
workshop with Environment Canterbury, Canterbury CDEM Group and Christchurch City Council CDEM
staff, taking into account all the available modelling and the other considerations outlined in the previous
section. These zones were then reviewed by Derek Todd, an independent coastal scientist, other
Christchurch City Council CDEM staff, a Christchurch City Council flood hazard modeller, an
Environment Canterbury flood hazard analyst, an Environment Canterbury river engineer, Christchurch
Transport Operations Centre (CTOC) staff, Canterbury District Health Board (CDHB) staff, and New
Zealand Police.
The zones for Banks Peninsula were determined by Helen Jack and Marion Schoenfeld from
Environment Canterbury and reviewed by Derek Todd and Christchurch City Council CDEM staff.
There is a lot of uncertainty around how tsunamis will behave, particularly large tsunamis, as we have
not experienced many of these in our short written history. The zones are the best effort of a large group
of people, based on the best available information, whilst bearing in mind the practicalities and logistics
of evacuation, and the risks involved in over-evacuation. In all situations outside a declared state of
emergency (where evacuations can be ordered), it is each individual and household’s decision to
evacuate based on the zones and their own personal circumstances. People within a zone are not
required to evacuate after a long or strong earthquake or in an official tsunami warning (unless a state
of emergency has been declared), and people outside a zone are free to evacuate for their own comfort
and wellbeing if they feel unsafe, but they should be mindful of keeping roads clear for people nearer
the coast who are evacuating.
Maps of the evacuation zones are shown in Figures 5-1 to 5-12. These are illustrative only; GIS files of
the zones are held by Environment Canterbury and Christchurch City Council and the zones can be
viewed on interactive maps and pdfs on the Christchurch City Council and Canterbury Maps websites.
The zones will also be disseminated through several other channels, such as specific community
response plans and information boards.
It is important to recognise that the tsunami evacuation zones are not tsunami hazard zones, or
tsunami risk zones, or tsunami inundation zones. They are areas that we recommend people
evacuate from as a precaution after they feel a long or strong earthquake, or in an official tsunami
warning. Every tsunami is different depending on its source, the direction it is arriving from, and the sea
state and tide at the time, and there is no one tsunami that would inundate an entire zone. Rather, the
zones represent an ‘envelope’ around many different possible tsunami scenarios.
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Figure 5-1:

Tsunami evacuation zones for Christchurch City north. For illustration only –
interactive webmaps are available on the Christchurch City Council and
Canterbury Maps websites. Each grid line is 1 km
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Figure 5-2:
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Tsunami evacuation zones for Christchurch City south. For illustration only –
interactive webmaps are available on the Christchurch City Council and
Canterbury Maps websites. Each grid line is 1 km
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Figure 5-3:

Tsunami evacuation zones for Lyttelton Harbour. For illustration only – interactive
webmaps are available on the Christchurch City Council and Canterbury Maps
websites. Each grid line is 1 km
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Figure 5-4:
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Tsunami evacuation zones for Port Levy and Pigeon Bay. For illustration only –
interactive webmaps are available on the Christchurch City Council and
Canterbury Maps websites. Each grid line is 1 km
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Figure 5-5:

Tsunami evacuation zones for Little Akaloa and Okains Bay. For illustration only
– interactive webmaps are available on the Christchurch City Council and
Canterbury Maps websites. Each grid line is 1 km
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Figure 5-6:
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Tsunami evacuation zones for Le Bons Bay and eastern bays. For illustration only
– interactive webmaps are available on the Christchurch City Council and
Canterbury Maps websites. Each grid line is 1 km
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Figure 5-7:

Tsunami evacuation zones for Akaroa and eastern bays. For illustration only –
interactive webmaps are available on the Christchurch City Council and
Canterbury Maps websites. Each grid line is 1 km
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Figure 5-8:
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Tsunami evacuation zones for Akaroa Harbour. For illustration only – interactive
webmaps are available on the Christchurch City Council and Canterbury Maps
websites. Each grid line is 1 km
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Figure 5-9:

Tsunami evacuation zones for southern bays. For illustration only – interactive
webmaps are available on the Christchurch City Council and Canterbury Maps
websites. Each grid line is 1 km
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Figure 5-10: Tsunami evacuation zones for Birdlings Flat. For illustration only – interactive
webmaps are available on the Christchurch City Council and Canterbury Maps
websites. Each grid line is 1 km
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Figure 5-11: Tsunami evacuation zones for Kaitorete and Lake Ellesmere/Te Waihora (east). For
illustration only – interactive webmaps are available on the Christchurch City
Council and Canterbury Maps websites. Each grid line is 1 km. Note that the red
zone ends at the Christchurch City/Selwyn District boundary through Lake
Ellesmere/Te Waihora
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Figure 5-12: Tsunami evacuation zones for Kaitorete and Lake Ellesmere/Te Waihora (west).
For illustration only – interactive webmaps are available on the Christchurch City
Council and Canterbury Maps websites. Each grid line is 1 km. Note that the red
zone ends at the Christchurch City/Selwyn District boundary through Lake
Ellesmere/Te Waihora
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5.1

Red zone

This zone includes all beaches, tidal reaches of the Waimakariri, Avon, Heathcote and smaller rivers,
Brooklands Lagoon, the Avon-Heathcote (Ihutai) Estuary, Lyttelton and Akaroa Harbours, all Banks
Peninsula bays and the outlets of Lake Forsyth/Wairewa and Lake Ellesmere/Te Waihora. It is very
unlikely that tsunami waves would enter Lake Forsyth/Wairewa or Lake Ellesmere/Te Waihora in a less
than one metre wave height at coast tsunami, because of the steep beaches along this stretch of coast,
and the fact that the lakes are often not open to the sea, however we have taken a cautious approach
and included the entire lake area in the red zone. The Styx River is not included because its outlet into
Brooklands Lagoon is protected from upstream flooding in a small tsunami by a flood gate in the
Waimakariri River stopbanks.
The inland red zone boundary has been mapped off the most recent aerial photos, flown between
November 2015 and February 2016. The Director’s Guideline states that “in all cases the Red Zone
should be visible along the entire coast at the map's scale, so it should be enlarged to create a decent
visual Red line along any coast where it is otherwise visually too thin to be clear”. The red zone has
therefore been extended to a standard 500 metres offshore; this is a cartographic rather than a technical
boundary, although it also serves to keep people out of the water and off any coastal rocks during a
tsunami warning. This is also consistent with the approach taken by the Otago CDEM Group.
The red zone does not include any residential buildings, but may include recreational buildings or
facilities like boatsheds or yacht clubs, and includes the Brighton Pier. While not likely to be inundated,
Brighton Pier is included in the red zone for logistical reasons – people should not be encouraged to
come to the pier to watch a tsunami.
The upriver extents for the red zones in the Avon (Colombo Street), Heathcote (Bowenvale Ave) and
Waimakariri rivers (1 km upstream of Lorimas Road) are based on the 2017 NIWA report. This modelling
uses a worst case distant source tsunami scenario, so it is unlikely that tsunami effects will be felt this
far upstream in most tsunamis, but in the absence of any other information we have taken a conservative
approach. Given that it does not require evacuations, and only requires people to stay off the water, we
feel it is appropriate to have the red zones extend upriver to the worst case scenario inundation limit.

5.2

Orange and yellow zones

The orange and yellow zone boundaries for each location are explained below. Where possible the
zone boundaries follow land parcel boundaries, fence lines or roads – features which can be easily
identified on the ground. This generally only applies in built up areas, and has not been possible in
much of rural Banks Peninsula where there are few man-made features. An exception is the
orange/yellow boundary at the base of the Port Hills in some areas, where it may not be necessary to
evacuate an entire land parcel in a long or strong earthquake, only to go to higher ground on the same
land parcel; here the orange/yellow boundary follows the base of the hills.

5.2.1

Kainga, Bridgend, Coutts Island

The orange zone includes land on the river-side of the Waimakariri stop banks at Kainga. The 2017
NIWA report shows that Kainga and Bridgend themselves are not inundated in a worst case tsunami so
this area is not included in the zones.
While the 2017 NIWA report does not show inundation of the south side of the Waimakariri River
upstream of the SH1 bridge, we have included Otukaikino Creek in the red zone here because it has a
direct connection to the Waimakariri River. The adjacent areas have been included in the orange zone
to be conservative – this does not include any dwellings.

5.2.2

Spencerville, Brooklands, Stewarts Gully

The yellow zone boundary here is based on the extent of inundation up the Styx River in the 2017 NIWA
report (The Styx River is not included in the red zone as its outlet into Brooklands Lagoon is protected
from upstream flooding in a small tsunami by a flood gate in the Waimakariri River stopbanks).
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The orange/yellow zone boundary is based on the GNS Science rule of thumb inundation from a 5 metre
wave height at coast, as well as inundation depths in the 2017 NIWA report.
Stewart’s Gully is protected from a <5 metre at coast tsunami by the Waimakariri stopbanks, but we
have included it in the yellow zone.

5.2.3

Bottle Lake Forest

We have only drawn an orange zone in Bottle Lake Forest, for simplicity, which is based on the worst
case inundation from the 2017 NIWA report, and we have fitted the inland boundary of the zone to roads
or tracks within the park. While the zone only covers part of Bottle Lake Forest, it is likely that
Christchurch City Council parks staff would simply close the entire park in any land and beach tsunami
warning (i.e. any tsunami warning >1 m wave height at coast) because this would be easier to manage
than closing part of the park.

5.2.4

North Brighton, Waimairi

In this area all the NIWA worst case models show very little inundation of land because it is protected
by the dunes. The worst case modelling shows inundation to only about 300 metres inland, but this
assumes no dune breach. The GNS Science rule of thumb modelling shows inundation potentially going
2.5 km inland here in an 8 metre wave height at coast, however this method is known to grossly
overestimate inundation on flat coastal land. We agreed that the yellow zone boundary here should go
further inland than the NIWA modelling, but not as far inland as the GNS rule of thumb modelling, and
Bower Ave, approximately 1 km from the coast, was chosen as an obvious landmark for the boundary.
This is a balance between being conservative and risking over-evacuation.
We have included the whole of Rawhiti Golf Course and Thomson Park in the orange zone for logistical
reasons – it is simpler to close the whole golf course and park during a tsunami warning, than just part
of it.
Between Bowhill Road and Beach Road the orange/yellow boundary generally follows just seaward of
the GNS Science rule of thumb inundation from a 5 metre wave height at the coast line. Between Beach
Road and Bottle Lake Forest, however, we have included the whole of Waimairi Beach Golf Course in
the orange zone to be conservative. We are assuming that the golf course will only be used during the
day, and even then it will only have a limited number of people on it, who will be able-bodied and can
easily move, therefore we can justify being more conservative here, compared to residential areas.

5.2.5

Avon River (Bexley, Aranui, Avondale, Wainoni, Burwood)

Here the yellow zone extent generally follows the extent of inundation shown in the 2017 NIWA report.
Although this is a large area, most of this area is uninhabited residential red zoned land. This area is
up to 1 metre lower in places now than it was pre-2010, hence the increased likelihood of being flooded
in a large tsunami that overtops the Avon River banks.
Although the NIWA modelling shows that not all of Travis wetland would be inundated, the whole wetland
park area has been included in the yellow zone for logistical reasons – it is simpler to close the whole
park during a tsunami warning, than just part of it.
Bexley and the area immediately north of the Avon River are included in the orange zone as these areas
have greater inundation depths in a worst case scenario than areas further upstream, however they are
all residential red zoned areas and now uninhabited.
The area between Baker Street and Keyes Road is included in the yellow zone. The 2017 NIWA report
did not show inundation of most of this area, but the peer review of this report showed some minor
inundation of parts of this area in a worst case distant source tsunami, so it has been included in the
yellow zone.

5.2.6

New Brighton, South New Brighton, Southshore

The whole of New Brighton, South New Brighton and Southshore is included in the orange zone. (While
not likely to be inundated, the Brighton Pier is included in the red zone for logistical reasons – people
should not be encouraged to come to the pier to watch a tsunami.)
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Modelling to date shows that there are many areas within New Brighton, South New Brighton and
Southshore areas that will not be inundated, even in a large tsunami – particularly the high dunes and
some streets immediately behind these dunes. However, we cannot be 100% certain of which areas
may or may not be inundated because of the complex way the dunes behave (will they breach, and
where?) and the complex way that tsunami waves behave in the estuary. Also, the practicalities of
leaving small ‘islands’ that do not need to be evacuated within this area are difficult in terms of managing
people who may evacuate to those areas. Therefore we have included the whole of this area in the
orange tsunami evacuation zone. However, the logistics of getting everyone out of the area, particularly
Southshore, quickly is extremely difficult. While this should be more straightforward in a distant source
event where there may be several hours’ warning, after a long or strong earthquake, when people should
self-evacuate quickly, people need to consider vertical evacuation.

5.2.7

Oxidation ponds

The oxidation ponds are relatively high and none of the modelling to date shows them, or the industrial
area immediately to the south of them, being inundated. However, to be conservative the southeastern
half of the oxidation ponds is included in the orange zone. This also ensures that recreational users in
this area will be well clear of the estuary.

5.2.8

Bromley, Woolston, Ferrymead

Here the yellow zone extent generally follows the extent of inundation shown in the 2017 NIWA
modelling Although not all of the Woolston industrial area is included in this modelled inundation extent,
we have included it all in the yellow zone to be conservative. We are assuming that most of the industrial
area is only inhabited less than half of the time, so including this area in the yellow zone is not
inconveniencing many people (compared to moving people out of their houses). The yellow zone areas
further up the Heathcote River are those low lying areas close to the river that could be flooded by
overtopping of the river banks in a worst case tsunami. This yellow zone has been reviewed by a
Christchurch City Council flood hazard modeller.
Although the Ferrymead Heritage Park and the Ferrymead retail area are on relatively high ground
compared to neighbouring areas, we have included these areas in the orange zone because it is prudent
to evacuate these areas in the event of a 1-3 or 3-5 metre wave height at coast tsunami, rather than
having people trapped in these areas, due to their only access or egress being cut off by inundation of
other areas.
Parts of Bromley have been included in the yellow zone as parts of this area are shown to be inundated
in a worst case tsunami in the 2017 NIWA modelling. Brookhaven Rest Home and Retirement Village
has been excluded from the yellow zone here because it is at the edge of modelled inundation in a worst
case tsunami, and it is preferable not to move elderly people from rest homes unless it is absolutely
necessary (particularly because this rest home is also a hospital facility).

5.2.9

Ferrymead to Clifton

Here the orange or yellow zone extents follow the base of the hills – in some areas there are no yellow
zones as a 5 metre wave height at coast would reach the base of the hills, so the yellow zone is obsolete.
The 2014 NIWA modelling for a worst case tsunami scenario shows inundation to the base of the hills
along this area.
The orange/yellow zone boundary generally follows the GNS Science rule of thumb for inundation from
a 5 metre wave height at coast line. In some places that are particularly vulnerable, like Moncks Bay
directly opposite the estuary mouth, it follows the 8 metre wave height at coast line to take into account
the uncertainties in how a large tsunami may behave in the Estuary. The water depths in this area from
the NIWA worst case modelling also shows this area to be particularly vulnerable.

5.2.10 Sumner
Here the orange or yellow zone extents follows the base of the hills. The 2014 NIWA modelling shows
inundation almost to the base of the hills in a worst case distant source scenario.
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The orange/yellow zone boundary follows Arnold Street, just inland of the slightly elevated area (old
sand dune) along Colenso Street. This is slightly further inland than the inundation level from GNS
Science rule of thumb 8 metre wave height at coast, making it a conservative boundary. Sumner School
and Our Lady Star of the Sea School are included in the orange zone – it is considered unlikely these
schools would be inundated in a <5 metre wave height at coast tsunami (including a local or regional
source tsunami) but because of the uncertainties involved it would be prudent to evacuate the schools.
Van Asch School further up Sumner valley would be an appropriate safe point in an orange zone
evacuation in the event of a long or strong earthquake.

5.2.11 Taylors Mistake
Here the orange or yellow zone extents follow the base of the hills.
The orange/yellow zone boundary generally follows the 2014 NIWA modelling. The carpark and the
baches along “Rotten Row” to the south are included in the orange zone.

5.2.12 Lyttelton and Akaroa harbours
Orange and yellow zones in Lyttelton and Akaroa harbours are mainly based on the 2014 NIWA worst
case South American modelling and the 2015 NIWA worst case Hikurangi subduction zone modelling.
We have also taken into account the GNS rule of thumb modelling using the 5 metre, 8 metre and
2500 year return period wave heights at coast for all sources for Banks Peninsula from the New Zealand
Probabilistic Tsunami Hazard Model (Power, 2013a and 2013b). The 2500 year return period wave
heights at coast from this model for Lyttelton (Godley Head to Little Akaloa) and Akaroa Head (Akaroa
Harbour) are 12.7 metres and 9.4 metres respectively. The rule of thumb modelling appears to
correspond much better to the hydrodynamic scenario models in Banks Peninsula where water can be
‘funnelled’ into harbours and bays. This is in contrast to the open Christchurch coast, where the rule of
thumb modelled inundation goes much further inland than the hydrodynamic modelled inundation.
Therefore the rule of thumb modelling was given much more weight in determining evacuation zones in
Banks Peninsula than in Christchurch City.
In many areas of Lyttelton and Akaroa harbours there are no yellow zones. This is mainly on steep,
uninhabited land where a yellow zone would be too narrow to be meaningful. Also, in areas of farmland
where there are no dwellings we have tended to be more conservative with the orange/yellow zone
boundaries than in Christchurch City, moving them landward as much as practicable. This is because
we know that the narrow harbours and bays of the Peninsula can funnel and amplify tsunami waves
depending on the particular shape of the bay, so that they are not as predictable as they are on the open
coast, and potential over-evacuation is not such a significant issue as it is in residential areas.
In Lyttelton township the orange zone includes all of Port Lyttelton and the tank farm. Hydrodynamic
modelling shows that only part of the tank farm is inundated in a worst case South American scenario,
but we believe it would be best to evacuate the entire tank farm in a 1+ metre tsunami as a precaution.
The yellow zone in Lyttelton township includes Norwich Quay and the first row of buildings to the north.
The majority of development around Lyttelton Harbour is elevated, and there are only a few dwellings
around Cass Bay, Rapaki Bay, Governors Bay, Allandale, Teddington, Charteris Bay, Hays Bay and
Purau that are within evacuation zones.
Similarly, much of the development in Akaroa Harbour is elevated and there are only small areas of
Wainui, Tikao Bay, French Farm, Barrys Bay, Duvauchelle, Robinsons Bay, Takamatua, Lushington
Bay, Akaroa township and The Kaik that are within the evacuation zones.

5.2.13 Port Levy, Pigeon Bay, Little Akaloa, Okains Bay, Le Bons Bay and other smaller
Banks Peninsula bays
No hydrodynamic modelling of worst case tsunami scenarios has been undertaken for Banks Peninsula
outside of Lyttelton and Akaroa harbours because there is no high resolution topographic data for these
areas and the population is relatively sparse. Tsunami evacuation zones in these areas are based on
available elevation data (the 8m Digital Elevation Model derived from the LINZ 20m contours), and the
rule of thumb modelling using 5 metre, 8 metre, 500 year return period and 2500 year return period
wave heights at coast from any source from the New Zealand Probabilistic Tsunami Hazard Model
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(Power, 2013a and 2013b). The 500 year return period and 2500 year return period wave heights at
coast from this model are:

Lyttelton (Godley Head to Little Akaloa)
Okains Bay (Okains to Le Bons Bays)
Hickory Bay (eastern bays around Hickory Bay)
Te Oka Bay (Southern Bays and Birdlings Flat)

500 year
8.7
8.7
6.7
5.9

2500 year
12.7
13.8
10.3
9.1

We have also taken into account historic and paleotsunami information (which suggests inundation
further inland than the rule of thumb modelling), and our knowledge of how tsunamis can behave in
these narrow bays (depending very much on the direction the tsunami is coming from, and the
wavelength of the waves), we have in most cases taken the evacuation zones even further inland than
the rule of thumb modelling, often up to the 20 metre contour. Given the low populations in these bays,
and the availability of nearby high ground, we think this conservative approach is appropriate.
Also, again in many of these smaller bays there are no yellow zones. This is mainly on steep,
uninhabited land where a yellow zone would be too narrow to be meaningful. In areas of farmland where
there are no dwellings we have tended to be more conservative with the orange/yellow zone boundaries
than in Christchurch City, moving them landward as much as practicable, and where there are no
buildings moving them to the limit of zones, effectively incorporating the yellow zone.
Most dwellings/buildings in Port Levy, Pigeon Bay, Menzies Bay, Decanter Bay, Little Akaloa, Raupo
Bay, Stony Beach, Okains Bay, Lavericks Bay, Le Bons Bay, Hickory Bay, Goughs Bay, Otanerito Bay,
Stony Bay, Flea Bay, Peraki Bay, Te Oka Bay, and Magnet Bay are within either an orange or yellow
zone.

5.2.14 Lake Forsyth/Wairewa, Birdlings Flat, Kaitorete Barrier, Lake Ellesmere/Te
Waihora
No hydrodynamic modelling of worst case tsunami scenarios has been undertaken for Birdlings
Flat/Kaitorete Barrier because of the low population. Tsunami evacuation zones in these areas are
based on available elevation data, and the rule of thumb modelling the 2500 year return period wave
heights at coast from any source from the New Zealand Probabilistic Tsunami Hazard Model (Power,
2013a and 2013b). The 2500 year return period wave height at coast from this model for Te Oka Bay
(Southern Bays and Birdlings Flat) is 9.1 metres.
Most of gravel barrier ridge along the seaward edge of Kaitorete Barrier is more than 10 m high, thus it
would not be overtopped by a <5 metre tsunami (assuming that run up on land can be up to twice the
wave height at coast). Hence most of Kaitorete Barrier, including most of Birdlings Flat is within the
yellow zone. Lower lying parts of Birdlings Flat, below 10 metres above sea level, as well as low lying
land adjacent to Lake Forsyth/Wairewa, are included in the orange zone. The orange zone does not
run the length of the barrier, in between the red and orange zones, as this area is very isolated and it
would be pointless to have an intermediate zone between red (beach) and yellow.
Very low lying land around the margin of Lake Ellesmere/Te Waihora (below ~2 metres above sea level,
or those areas with estuarine vegetation) is included in the orange zone. The size of Lake Ellesmere/Te
Waihora means that even if a tsunami wave did enter the lake from the sea, the volume of water involved
would only make a small difference (i.e. probably less than 1 metre) to the water level in the lake.

Environment Canterbury Technical Report

33

Developing tsunami evacuation zones for Christchurch City and Banks Peninsula

6

Use of tsunami evacuation zones

6.1

Evacuation planning and public education

The tsunami evacuation zones presented here are primarily for evacuation planning and public
education.
Unless a state of emergency has been declared, these zones are advisory only. We recommend
evacuating (including vertical evacuation) the red and orange tsunami evacuation zones as a precaution
after a long or strong earthquake, or the red, orange or yellow as advised in an official warning.
However, it is each person’s and household’s responsibility to decide if they will evacuate after a long
or strong earthquake, or during an official tsunami warning, depending on their particular circumstances
and the information they have at the time. People outside of the zones are free to evacuate inland for
their own comfort and wellbeing should they feel unsafe, however they should be mindful of not blocking
the way for others within the evacuation zones who may be evacuating.
If a local or national state of emergency is declared (e.g. in an official warning for a large distant-source
tsunami, if considered necessary), authorities may direct the evacuation or exclusion of people from the
tsunami evacuation zones for the preservation of human life under s86 of the Civil Defence Emergency
Management Act 2002.
The Director’s Guideline and other MCDEM guidelines and standards provide information on engaging
with communities and providing information on tsunami warnings and evacuation procedures, which will
be used by Christchurch City Council and Canterbury CDEM Group staff.

6.2

Land use planning

The New Zealand Coastal Policy Statement (2010) and the Canterbury Regional Policy Statement
(2013) both recognise the need to identify areas vulnerable to tsunamis and to mitigate the tsunami risk
where practicable. However, the tsunami evacuation zones are not appropriate for property-specific
land use planning. Land use planning considers the sustainability of development in an area as well as
life safety and wellbeing issues, whereas tsunami evacuation zones are fundamentally about life safety.
For this reason, as explained above, the zones are generally conservative, and the yellow zone in
particular represents an extreme event that we would only expect in the order of every 2500 years,
which is beyond most land use planning time frames. Also, the zones are based not only on potential
tsunami inundation but also logistical and practical considerations, so do not necessary indicate zones
of potential inundation in the future.
Land use planning requires much more robust tsunami modelling, incorporating hydrodynamic
modelling of numerous tsunami scenarios, preferably with return periods in the order of 500 years which
is more in line with planning timeframes. Tsunami modelling for land use planning also needs to take
into account sea level rise, which is not considered for the evacuation zones for the reasons given
above.
However the zones, in particular the red zone and the orange zone, which approximate a 500 year
return period tsunami, may be useful for strategic development planning and infrastructure planning, or
they may flag where more detailed investigations are required as part of a large development, as in
many places they do indicate areas of higher vulnerability where future development should be more
carefully managed.
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6.3

Land Information Memoranda (LIMs) and Land Information
Requests (LIRs)

The Director’s Guideline states that tsunami evacuation zones are generally appropriate for inclusion in
a Land Information Memorandum (LIM) in terms of making the owners, occupiers and other interested
parties aware that the property is within a tsunami evacuation zone, as long as the zones are based on
rule of thumb and/or hydrodynamic modelling.
The wording on the LIM or Land Information Request (LIR – Environment Canterbury’s non-statutory
equivalent of a LIM) should clearly state which zone the property is in (orange or yellow) and what that
means for their property, and should clearly state that the zone indicates the areas that people should
evacuate as a precaution if they feel a long or strong earthquake (orange zone) or as a precaution if
they receive an official tsunami warning (orange and yellow zones). The LIM or LIR must clearly state
that the zones do not represent areas that will be inundated in a tsunami, but represent an envelope
around many possible tsunami scenarios. Regionally consistent wording for LIMs and LIRs can be
developed as part of the Regional Approach to Managing Natural Hazards.
Some suggested wording is:
Orange zone:

The property is within the orange tsunami evacuation zone for Christchurch and Banks
Peninsula. People should evacuate this zone as a precaution after a long (more than
a minute) or strong (hard to stand up) earthquake, or if told to in an official tsunami
warning. This zone does not indicate that the property will be inundated in any particular
tsunami. For more details on the tsunami evacuation zones for Christchurch and Banks
Peninsula visit www.ccc.govt.nz or www.ecan.govt.nz.

Yellow zone:

The property is within the yellow tsunami evacuation zone for Christchurch and Banks
Peninsula. People do not need to evacuate this zone as a precaution after a long (more
than a minute) or strong (hard to stand up) earthquake, but are free to do so for their
own comfort or wellbeing. People should evacuate this zone as a precaution if told to
in an official tsunami warning for a large tsunami. This zone does not indicate that the
property will be inundated in any particular tsunami. For more details on the tsunami
evacuation zones for Christchurch and Banks Peninsula visit www.ccc.govt.nz or
www.ecan.govt.nz.
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7

Reviewing the tsunami evacuation zones

Our understanding of New Zealand’s tsunami hazard is rapidly improving. We recommend that the
tsunami evacuation zones are reviewed within five years, taking into account:
•
•
•
•
•
•

the effects of any actual tsunami
new tsunami modelling (both scenario and probabilistic), which would also take into account
any sea level rise
changes to the natural environment
changes in land use
changes in demographics
any changes to the recommended approach for delineating tsunami evacuation zones.

We intend to continue improving and refining our knowledge of Canterbury’s tsunami hazard, by
undertaking further scenario modelling over the coming years. We will review the Christchurch and
Banks Peninsula tsunami evacuation zones if these models show a significant departure from our
current understanding of the tsunami hazard.
MCDEM is also initiating a review of their tsunami evacuation zone, tsunami signage and tsunami siren
guidance and standards. This may also bring forward to need for a review of the Christchurch and
Banks Peninsula tsunami evacuation zones, depending on the outcome of the review.
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