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Review of tsunami evacuation zones for Christchurch City

Executive summary
Background:
Tsunami evacuation zones are the areas that people should evacuate from, or stay out, of as a
precaution after a long or strong earthquake, or during an official tsunami warning. Christchurch City
has had tsunami evacuation zones in place for coastal Christchurch from the Waimakariri River to
Taylors Mistake since 2007, which were updated in 2017.

The problem:
New tsunami modelling by both NIWA (Bosserelle et al., 2018) and GNS Science (Mueller et al., 2019),
commissioned by Christchurch City Council and Environment Canterbury respectively, show that in
some places the current tsunami evacuation zones do not cover possible worst-case inundation from
large tsunamis from the South and Central American coasts or the Kermadec subduction zone.

What we did:
Environment Canterbury and Christchurch City Council staff worked together to review the tsunami
evacuation zones from the Waimakariri River mouth to Taylors Mistake based on the new tsunami
modelling.
The new zones are based primarily on 96 tsunami scenarios modelled by GNS Science (Mueller et al.,
2019) generated by large earthquakes (greater than magnitude 9) off the coasts of South and Central
America, on the Kermadec and Hikurangi subduction zones and elsewhere around the Pacific Ocean.
We considered logistical factors such as the practicalities of evacuating or closing parks and other public
areas, and the locations of schools, aged care facilities and other healthcare 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, and to simplify public messaging.
We have used the three-zone approach (red, orange and yellow zones) as outlined in the 2016 Ministry
of Civil Defence & Emergency Management’s Director’s Guideline for Tsunami Evacuation Zones.
However, our use of the yellow zone differs from that recommended in the Director’s Guideline, because
Christchurch’s tsunami hazard is different from most of New Zealand’s. In Christchurch the largest
tsunami threat, in terms of wave height at coast and area inundated, is from a large distant source
tsunami, so the yellow zone is based on this scenario, and we recommend that only the red and orange
zones (which encompass local and regional source scenarios) are evacuated after a long or strong
earthquake. This is different from messaging in other parts of New Zealand where all tsunami evacuation
zones should be evacuated after a long or strong earthquake because local source tsunamis are the
largest threat. The rationale for the zone boundaries for each particular area is explained in this report.
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 the tsunami waves
arrive, and there 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 evacuate the red and orange zones immediately if they feel a long earthquake (when
the shaking continues for more than one minute) OR a strong earthquake (when the shaking
is so strong it is difficult to stand up). People do not need to evacuate the Christchurch yellow
zone after a long and strong earthquake because, with our current understanding, there are no

Environment Canterbury Technical Report

i

Review of tsunami evacuation zones for Christchurch City

•
•
•

tsunami sources within two hours’ travel time that would inundate further inland than the orange
zone.
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 (currently a Beach
and Marine warning, but the name of this warning is under review).
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 – 1-3 metre threat level or 3-5 metre threat
level).
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 – 5-8 metre threat level or
8+ metre threat level).

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 (i.e. they are evacuation zones, not hazard, risk or inundation zones).
Our understanding of New Zealand’s tsunami hazard is always improving. We suggest that the tsunami
evacuation zones are reviewed again within ten years, taking into account:
•
•
•
•
•

any 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 and demographics
any changes to the recommended approach for delineating tsunami evacuation zones
the effects of any actual tsunami.

How we have considered climate change
We did not take future projected sea level rise into account in reviewing the zones, because evacuation
zones are to be used now, not in 50 or 100 years’ time. We suggest that the zones are reviewed at least
once every ten years and any sea level rise that has occurred in that time be taken into account during
the review. Current projections predict a 10cm difference in water levels over the next 10 years, which
is likely to be within the uncertainty of the current tsunami inundation modelling and accounted for in
delineating the current evacuation zones.

ii
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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 were updated in December 2017 (Jack
and Schoenfeld, 2017) 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, and
new guidelines for developing tsunami evacuation zones issued by the Ministry of Civil
Defence & Emergency Management (MCDEM) in 2008 and updated in 2016.

The 2007 tsunami evacuation zones are shown in Figure 1-1 and the 2017 tsunami evacuation zones
are shown in Figure 1-2.
New tsunami modelling by both NIWA (Bosserelle et al., 2018 – referred to in this report as the 2018
NIWA modelling) and GNS Science (Mueller et al., 2019 – referred to in this report as the 2019 GNS
Science modelling), was obtained for Christchurch 1 by Christchurch City Council in 2018 and
Environment Canterbury in 2019 respectively.
The 2018 NIWA modelling assessed the hazard posed to Christchurch by both local and South
American tsunami sources for the Christchurch City Council Land Drainage Recovery Programme.
These studies modelled inundation from several local fault sources, as well as 500 year return period
and 2500 year return period South American tsunamis (generated by magnitude 2 9.28 and magnitude
9.485 earthquakes off the coast of Peru respectively) under different future sea level rise scenarios (0.2,
0.5 and 1.0 m), for Christchurch City. Sea level rise scenarios were included to help in future
infrastructure planning.
The 2019 GNS Science modelling modelled multiple local, regional and distant source tsunamis
providing wave heights at coast for the entire Canterbury coast and inundation for Christchurch from the
Waimakariri River mouth to Purau for each scenario. This included modelling:
•
•
•
•
•
•

a ‘worst-case’ (approximately 2500 year return period) magnitude 9.45 earthquake off the
coast of South America (10 scenarios with different earthquake slip patterns),
a ‘worst-case’ (approximately 2500 year return period) magnitude 9.3 earthquake off the
coast of Central America (10 scenarios with different earthquake slip patterns),
a ‘worst-case’ (approximately 2500 year return period) magnitude 9.3 earthquake on the
southern Kermadec subduction zone (10 scenarios with different earthquake slip patterns),
a ‘worst-case’ (approximately 2500 year return period) magnitude 9.0 earthquake on the
southern Hikurangi subduction zone (30 scenarios with different earthquake slip patterns),
19 sources from around the Pacific Ocean, ranging in size from magnitude 9 to 9.3, that give
an approximately 5 metre high wave at the Christchurch coast 3,
17 sources from around the Pacific Ocean, ranging in size from magnitude 9 to 9.3, that give
an approximately 3 metre high wave at the Christchurch coast.

The GNS Science modelling also modelled over 20 local source tsunamis generated by earthquakes on
upper crustal faults between Pegasus Bay and Cook Strait, but none of these generated wave heights
above 3 metres at coast, so were not modelled to inundation.
1

The Christchurch coast in this report refers to the coastline from the Waimakariri River mouth to Taylors Mistake.
Magnitude in this report means moment magnitude (Mw).
3
Wave height at coast means tsunami amplitude, or the maximum height of the tsunami waves above what the sea level would
otherwise be at the time.
2
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Both the 2018 NIWA and 2019 GNS Science modelling showed that in some places potential worstcase inundation from regional (1-3 hours’ travel time) and distant (>3 hours’ travel time) tsunami sources
covered a greater area than previous modelling had shown. This is likely to be partly due to
improvements in on-land inundation models over the last several years, and partly due to the 2019 GNS
Science modelling incorporating numerous differential slip (rupture) scenarios for each tsunami source.
Thus, in some places in Christchurch, the 2017 tsunami evacuation zones do not cover all possible
worst-case (~2500 year return period) inundation scenarios and the zones needed to be reviewed.
Both the 2018 NIWA and 2019 GNS Science modelling reconfirmed that there are no known local fault
sources, within one hour’s travel time, that would result in a tsunami with >3 metre wave height at the
Christchurch coast.
The modelling confirms that distant source tsunamis (>3 hours’ travel time – most likely from Central or
South America) present the largest tsunami hazard for Christchurch, in terms of possible wave heights
at coast and areas inundated, followed by regional source tsunamis (1-3 hours’ travel time – from the
Hikurangi and Kermadec subduction zones), followed by local source tsunamis (<1 hour’s travel time –
from faults in Pegasus Bay or offshore North Canterbury).
Environment Canterbury and Christchurch City Council staff worked together to review the tsunami
evacuation zones based on the new tsunami modelling. This report documents the information used in
this process and details the changes to the zones.

2
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Figure 1-1:

2007 tsunami evacuation zones for Christchurch City.
superseded by new zones in December 2017
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Figure 1-2:
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2017 tsunami evacuation zones for Christchurch City. These zones are superseded
by the new zones outlined in this report
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Christchurch’s tsunami hazard

The Christchurch 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 coastal location. So, for instance, a tsunami originating from offshore
South America is a local source tsunami for the nearby South American coast, but a distant source
tsunami for New Zealand.
Approximate local, regional and distant tsunami sources areas for Christchurch are given in Figure 2-1.
Tsunami waves travel relatively slowly in the shallow water (shown in red on the map) of the Canterbury
Shelf offshore of Christchurch, hence the area covered by potential local (less than 1 hour travel time)
sources for Christchurch is relatively small. Tsunami waves travel much more quickly along the deeper
water (green to purple) of the Hikurangi and Kermadec subduction zones, hence the regional source
area (1-3 hours travel time) extends much further north along the subduction zones. Anything beyond
the thick grey line in Figure 2-1 is considered a distant tsunami source, including the Puysegur
subduction zone, as a tsunami generated here would take just over three hours to reach Christchurch.

Figure 2-1:

Tsunami source areas for Christchurch. The grey boundary lines are approximate
only. SZ = subduction zone
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2.1 Local source tsunamis
A local source tsunami is a tsunami generated close to shore, usually by an underwater earthquake,
landslide or volcano, which takes less than one hour to reach the coast.
The likelihood of a damaging local source tsunami being generated less than one hour’s travel time from
the Christchurch coast is thought to be very low. Both the 2018 NIWA and 2019 GNS Science modelling,
as well as unpublished hypothetical modelling undertaken after the 2011 Christchurch earthquake
(William Power, pers comm) show that there are no known local sources in Pegasus Bay or off the North
Canterbury coast that would create a tsunami with wave heights of more than 3 metres at the
Christchurch coast (and in most cases the maximum wave height would be less than 2 metres).
While significant damaging inundation of land from a local source tsunami is unlikely, a local source
tsunami could cause strong and unpredictable currents and surges in the water, and inundation of very
low-lying land, depending on the tide stage. An earthquake that could cause a local source tsunami
would be felt as a strong earthquake (an earthquake where the shaking is so strong it is hard to stand
up) in Christchurch. 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 this includes tsunamis generated by large earthquakes off the Kaikoura coast, in Cook
Strait, and on the Hikurangi and southern Kermadec subduction zones off the east coast of the North
Island.
The 2019 GNS Science modelling showed that no upper crustal faults off the Kaikoura coast or in Cook
Strait would generate tsunamis with wave heights larger than 2-3 metres at the Christchurch coast.
These tsunamis could cause strong and unpredictable currents and surges in the water, and inundation
of very low-lying land in Christchurch depending on the tide stage.
The Hikurangi subduction zone and the southern Kermadec subduction zone pose a more significant
tsunami threat for Christchurch. The 2019 GNS Science modelling gives wave heights at coast of
approximately 2-8 metres for a magnitude 9.0 southern Hikurangi subduction zone tsunami, and
approximately 7-12 for a magnitude 9.3 southern Kermadec subduction zone tsunami. The range of
wave heights is due to the size of the tsunami depending on the exact way that the subduction zone
ruptures (breaks, slips, or moves) during the earthquake, known as differential slip that cannot be known
in advance, as well as the exact location along the Christchurch coast. Both southern Hikurangi and
southern Kermadec scenarios show significant inundation of parts of Christchurch.
An earthquake that could cause a regional source tsunami would be felt in Christchurch as a mild or
moderate but long (more than a minute) earthquake. There may be time to issue an official warning
before the first tsunami waves arrive, particularly for a tsunami coming from the Kermadec subduction
zone which is further north than the Hikurangi subduction zone, but the long earthquake should be
people’s cue to evacuate. 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 if the first waves have already 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 this includes tsunamis generated by a large earthquake to the south of the South
Island, in the Pacific Islands or from across the Pacific Ocean. This is the most likely tsunami source
for Christchurch and a distant source tsunami from Central or South America could generate the largest
wave heights at coast for Christchurch of any known tsunami source: approximately 6-15 metres for a
2500 year return period tsunami, depending on the exact way that the subduction zone ruptures (the

6
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differential slip) and the exact location along the Christchurch coast. This sort of tsunami could flood
significant areas of eastern Christchurch in a worst-case scenario.
A distant source earthquake would not be felt in Christchurch 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.
The Pegasus Bay coast (including Christchurch) 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.
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3

Approach to developing tsunami evacuation
zones

The approach used to develop the tsunami evacuation zones for Christchurch 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 requires far more information to map and presents 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 of
0.3 metres 4. This represents the most vulnerable area to tsunamis, including those that
will not flood land, and is the first place people should evacuate from after a long or
strong earthquake or during an official tsunami warning. 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 explain how the Christchurch red tsunami evacuation 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 orange zone is an ‘on-land’ evacuation 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 (Power, 2013b) gives the
500 year return period wave height at coast for Christchurch as between 5 and
8 metres.

4

8

This has recently been raised from 0.2 metres to make it consistent with international minimum thresholds.
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The orange zone can be defined using a rule of thumb attenuation model from a defined
wave height at coast (Level 2 modelling in the Director’s Guidelines,) or hydrodynamic
modelling (Levels 3 and 4 in the Director’s Guidelines, which is the modelling used to
define the revised Christchurch evacuation zones described in this report). 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 explain how the Christchurch orange tsunami evacuation zone was drawn 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 we have used a 2500 year return period distant-source South
American tsunami scenario to define the inland extent of the yellow zone, as all
modelling to date shows this to be the worst-case scenario for Christchurch from any
source.
The yellow zone can be defined using a rule of thumb attenuation model from a defined
wave height at coast (Level 2 modelling in the Director’s Guidelines,) 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.
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.
We explain how the Christchurch yellow tsunami evacuation zone was drawn in
Section 5.2.

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 one land
evacuation zone should be coloured orange. 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 note 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 simpler 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.

Environment Canterbury Technical Report

9

Review of tsunami evacuation zones for Christchurch City

3.2 Inconsistency with the Director’s Guideline
The Director’s Guideline is written on the assumption that the tsunami hazard is the same around the
entire New Zealand coast – i.e. that local and regional source tsunamis represent a larger hazard, in
terms of potential area inundated, than distant source tsunamis.
All tsunami modelling to date shows that this is not the case for Christchurch. In Pegasus Bay all models
show that ‘worst-case’ distant source tsunamis inundate a larger area than ‘worst-case’ regional source
tsunamis, which in turn inundate a larger area than ‘worst-case’ local source tsunamis.
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, to the best of our knowledge, the orange zone
encompasses all local source scenarios and the vast majority of regional source scenarios and the
yellow zone is based the worst-case distant source scenario (although the vast majority of distant source
scenarios would also fall into the red and orange zones, because they will be much smaller than the
worst-case scenario).
This presents a challenge for 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 possible
local or regional source tsunami event). However, in Christchurch this would result in the unnecessary
evacuation of approximately 14,000 households, estimated at approximately 37,500 people, that our
models show would not be inundated by a local source tsunami or the majority of regional source
tsunamis. This significant over-evacuation is undesirable, resulting in:
•
•
•
•

increased traffic congestion reducing the ability for the people in the orange zone, who
actually do need to evacuate, to get out,
negative health outcomes for older, disabled or other vulnerable people,
economic losses,
inconvenience and subsequent ‘cry wolf’ issues.

We strongly suggest that public education and public information messaging states that people in
Christchurch should evacuate only the red and orange zones if they feel a long or strong earthquake.
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 or an unlikely, very
large southern Kermadec tsunami).
This is also the approach that the Otago CDEM Group have adopted for their tsunami evacuation zones.
This means that the Christchurch 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 talk about 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. We have also negotiated
national Emergency Mobile Alert content to refer to ‘tsunami zones’ not ‘all tsunami zones’ as was
proposed.
We considered using a different colour for our yellow zone, to make it obviously different from yellow
zones in other parts of the country. However, we decided against this because:
•
•
•
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it would introduce yet another layer of complexity to New Zealand’s tsunami zones, potentially
causing more confusion than already exists;
it would not solve the issues around the default national ‘long or strong earthquake, evacuate
all zones’ messaging in public education;
it would not provide for a potential national ‘long or strong earthquake, evacuate the red,
orange and yellow zones’ messaging because some regions do not follow the national
guidance and use other colours for their zones (e.g. Waikato have one zone, which is blue).
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We also considered only showing the orange evacuation zones on public maps and keeping the yellow
zones off public maps and on operational planning maps only, given very low likelihood of ever having
to use the Christchurch yellow zones (in theory, less than once every 500 years, or a 0.2% chance in
any one year). This would make tsunami public education in Christchurch much simpler but keeping
zone information from the public goes against making our information available and our processes
transparent. The yellow zones must be available to people so that they understand that if they are in a
yellow zone they may need to evacuate one day, even if it is very unlikely. There are opportunities to
provide people with more visual information on the ground (e.g. signs or ‘blue lines’), which could follow
the orange/yellow boundary, as these tend to be more effective in communicating tsunami evacuation
zones than maps. During a tsunami event involving only the red and orange zones we suggest
displaying a map on the Christchurch City Council and Canterbury Maps websites that only shows
those zones, and not the yellow zone, in order to minimise confusion.
We strongly feel that this issue needs to be addressed at a national level and we will continue to work
with MCDEM as it reviews its tsunami standards, guidance and messaging, recognising that the tsunami
hazard is not consistent around the New Zealand coast.

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 (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 Alert 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 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. Which zones to evacuate will be clarified in subsequent Emergency
Mobile Alerts from the Canterbury CDEM Group and Christchurch City Council.)

For official warnings, the tsunami evacuation zones correspond to MCDEM’s tsunami threat levels.
During a developing tsunami event the Tsunami Expert Panel (TEP), a national group 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, are given
in Table 3-1 below.
This provides 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 Experts Panel. 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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Table 3-1:

Relationship between MCDEM threat levels, threat definitions and evacuation
zones for Christchurch for official tsunami warnings (Note that the minimum
threshold has recently been raised from 0.2 metres to make it consistent with
international minimum thresholds.)

MCDEM threat levels
Threat definition
Christchurch evacuation zones that
(expected maximum
people should evacuation from
wave height at coast
above normal sea
level at the time)
<0.3 m
No threat
None
0.3-1 metres
Beach and Marine Threat* Red zone
1-3 metres
Land and Marine Threat
Red and orange zones
3-5 metres
Red and orange zones
5-8 metres
Red, orange and yellow zones
8+ metres
Red, orange and yellow zones
* The name and wording of this threat definition is currently being reviewed so that it is clearer that on-land inundation is
not expected, and that people do not need to evacuate their home (unless it is in the red zone, which is uncommon in New
Zealand; there are no homes in the red tsunami evacuation zone in Christchurch).
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Tsunami evacuation zones for Christchurch, 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

MCDEM
warning/threat
level
Beach and
Marine Warning
Threat Level
0.3–1m

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.

Red

Public Message
• Areas most likely to be affected by a tsunami, even a
small tsunami that’s unlikely to flood land but could
cause strong surges or currents in the water. This
includes the estuary, rivers, beaches and harbours.
• You should leave this zone immediately, and move
well inland out of all the evacuation zones, if you
experience any of the following:
- feel a long or strong earthquake
- are told to evacuate by Civil Defence
- you hear the tsunami sirens.
• Stay out of this zone until you are told it is safe to go
back.
• 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 zone based on modelled ‘worst-case’
southern Hikurangi subduction zone tsunami
inundation, which inundates a slightly larger area
than 19 modelled ‘5 metre wave height at coast’
scenarios.
• A 5-metre wave height at coast equates to a 200500 year return period for Christchurch (Power,
2013a), which is consistent with the MCDEM
recommendation for the orange/yellow boundary to
approximate a 500 year return period tsunami.
• The orange zone also includes inundation from all
known local sources and 17 modelled ‘3 metre
wave height at coast’ scenarios.

13

• This zone should be evacuated in a long OR strong
earthquake and can also be used for a distant
source tsunami of 1-3 or 3-5 metres wave height at
coast (the majority of tsunamis).

• Areas less likely to be affected by a tsunami. This
includes low-lying coastal areas that are likely to be
flooded in a large tsunami.
• You should leave this zone immediately, and move
well inland out of all the evacuation zones, if you
experience any of the following:
- feel a long or strong earthquake
- are told to evacuate by Civil Defence
- you hear the tsunami sirens.
• Stay out of this zone until you are told it’s safe to go
back.
• Walk or bike if you can, it will be quicker than getting
stuck in traffic.
• You can expect to evacuate this zone a few times in a
lifetime.
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Tsunami
evacuation
zone

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

Technical Meaning
• Yellow zone 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 Central or South America.
• The inland extent of this zone is based on modelling
of a tsunami generated by a M9.45 earthquake off
the Peru coast.
• The yellow zone also includes inundation from a
‘worst-case’ Central American tsunami and a ‘worstcase’ Kermadec tsunami (this is technically a
regional source tsunami – see section 5.2.2 for
discussion).

Yellow

Public Message
• Areas least likely to be affected by a tsunami. This
includes areas that could potentially be flooded in a
very large tsunami.
• You do not need to leave this zone if you feel a long
or strong earthquake.
• If you hear the tsunami sirens check to see if there is
a Civil Defence official tsunami evacuation warning for
the yellow zone. The warning is given on the radio,
television, social media, or through an Emergency
Mobile Alert to your phone. If there is an
announcement to evacuate the yellow zone you must
leave immediately.
• If evacuated, stay out of this zone until you are told it’s
safe to go back.
• 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.
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• 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.

No Colour

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

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

• We don’t expect this area to be inundated by a
tsunami with a return period of less than 2,500
years.

• Areas where tsunami inundation is not expected.
• If you’re in this area you:
- don’t need to evacuate in a long or strong
earthquake
- don’t need to evacuate during a warning from Civil
Defence
- may wish to open your home to family or friends who
need to evacuate from a tsunami zone.
• You can self-evacuate for your own comfort and wellbeing, but please be mindful of keeping roads clear
for those nearer the coast who do need to get out.
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Long or
strong
earthquake
Long (more
than a minute)
OR
strong (hard
to stand up)
earthquake =
there is no
need to
evacuate
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3.4 Vertical evacuation
There are 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.
MCDEM has recently published guidelines for assessing and planning for tsunami vertical evacuation
(MCDEM, 2018) and the Ministry of Business, Innovation and Employment is currently developing
guidelines 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 and Christchurch City Council have commissioned several tsunami modelling
reports for different tsunami scenarios, using physics-based hydrodynamic models, over the last eight
years. 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 sea floor and land, and the built environment.

4.1.1

2019 GNS Science multi-scenario modelling

Environment Canterbury commissioned GNS Science to model inundation from many different tsunami
scenarios for Christchurch, of varying sizes and from different sources, to give the most robust level of
modelling to base tsunami evacuation zones on (‘Level 4’ modelling in the Director’s Guideline).
GNS Science modelled multiple local, regional and distant source tsunamis providing wave heights at
coast for the entire Canterbury coast and inundation for Christchurch from the Waimakariri River mouth
to Purau for each scenario. This included modelling:
•
•
•

•

•

•

•

Tsunamis from 17 different sources around the Pacific Ocean that give an approximately
3 metre wave height at the Christchurch coast.
Tsunamis from 19 different sources around the Pacific Ocean that give an approximately
5 metre wave height at the Christchurch coast.
30 scenarios with different rupture patterns from a ‘worst-case’ (approximately 2500 year
return period) magnitude 9.0 earthquake on the southern Hikurangi subduction zone. These
gave tsunamis with wave heights along the Christchurch coast of 2-8 metres depending on
the rupture pattern and the exact location along the coast.
10 scenarios with different rupture patterns from a ‘worst-case’ (approximately 2500 year
return period) magnitude 9.3 earthquake on the southern Kermadec subduction zone. These
gave tsunamis with wave heights along the Christchurch coast of 7-13 metres depending on
the rupture pattern and the exact location along the coast.
10 scenarios with different rupture patterns from a ‘worst-case’ (approximately 2500 year
return period) magnitude 9.3 earthquake off the coast of Mexico. These gave tsunamis with
wave heights along the Christchurch coast of 6-15 metres depending on the rupture pattern
and the exact location along the coast.
10 scenarios with different rupture patterns from a ‘worst-case’ (approximately 2500 year
return period) magnitude 9.45 earthquake off the coast of Peru. These gave tsunamis with
wave heights along the Christchurch coast of 6-15 metres depending on the rupture pattern
and the exact location along the coast.
>20 tsunamis generated by earthquakes on upper crustal faults between Pegasus Bay and
Cook Strait. None of these gave wave height at coast at Christchurch of more than
2-3 metres, so the inundation on land was not modelled.

The modelling results are given in Mueller et al., 2019, Multiple scenario tsunami modelling for
Canterbury (available on the Environment Canterbury website) and are shown in Figures 4-1 to 4-5.
GNS Science used COMCOT (Cornell Multi-Grid Coupled Tsunami model), developed at Cornell
University and refined at GNS Science, to model tsunami propagation and inundation. The modelling
assumed water flow in the Waimakariri, Kaiapoi, Avon and Heathcote rivers (which can influence how
far a tsunami can travel upriver) and assumed no dune breaches during the tsunami (i.e. the dunes
retained their shape).
The 2019 GNS Science modelling was peer reviewed by Professor Robert Weiss, a tsunami modelling
expert at Virginia Tech in the United States.
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Figure 4-1:

Total modelled inundation extent (to 0.1 metres water depth) for seventeen 3 metre
wave height at coast tsunami scenarios from different sources around the Pacific
Ocean. Note that each separate scenario inundates slightly different areas within
the total modelled inundation extent. From Mueller et al., 2019. Each grid line is
1 km
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Figure 4-2:

18

Total modelled inundation extent (to 0.1 metres water depth) for nineteen 5 metre
wave height at coast tsunami scenarios from different sources around the Pacific
Ocean. Note that each separate scenario inundates slightly different areas within
the total modelled inundation extent. From Mueller et al., 2019. Each grid line is
1 km
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Figure 4-3:

Total modelled inundation extent (to 0.1 metres water depth) for 30 southern
Hikurangi tsunami scenarios, each generated by a M9.0 earthquake with a different
slip (rupture) pattern. Note that each separate scenario inundates slightly different
areas within the total modelled inundation extent. The dark green area shows the
one southern Hikurangi scenario, which by itself represents a >2,500 year return
period event, that goes slightly further inland than the other 29 scenarios. From
Mueller et al., 2019. Each grid line is 1 km
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Figure 4-4:

20

Total modelled inundation extent (to 0.1 metres water depth) for 10 southern
Kermadec tsunami scenarios, each generated by a M9.3 earthquake with a different
slip (rupture) pattern. Note that each separate scenario inundates slightly different
areas within the total modelled inundation extent. From Mueller et al., 2019. Each
grid line is 1 km
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Figure 4-5:

Total modelled inundation extent (to 0.1 metres water depth) for 10 Central
American tsunami scenarios, each generated by a M9.3 earthquake with a different
slip (rupture) pattern, and 10 South American tsunami scenarios, each generated
by a M9.45 earthquake with a different slip (rupture) pattern. Note that each
separate scenario inundates slightly different areas within the total modelled
inundation extent. From Mueller et al., 2019. Each grid line is 1 km
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The 2019 GNS Science modelling is the most robust tsunami modelling available for Christchurch and
forms the technical basis for the new orange and yellow evacuation zones (the existing red ‘shore
exclusion zone’ remains largely the same).

4.1.2

2018 NIWA local and South American modelling

As part of its Land Drainage Recovery Programme, Christchurch City Council commissioned NIWA to
model potential tsunamis from local sources, as well as 500 year and 2,500 year return period South
American tsunamis under different future sea level rise scenarios. The main purpose of this modelling
was infrastructure planning, not evacuation planning.
The local source modelling modelled wave heights at coast from four faults off the Pegasus Bay and
Hurunui coasts with recurrence intervals (long-term average time between earthquakes) of 12,500 to
35,000 years. These scenarios all produced wave heights along the Christchurch coast of less than
2.5 metres, and in most areas less than 1.5 metres. These results are consistent with the 2019 GNS
Science local source modelling.
The NIWA South American tsunami modelling modelled:
•
•

500 year return period tsunami inundation in Christchurch City due to a magnitude 9.28
subduction earthquake occurring off the coast of Peru
2,500 year return period tsunami inundation (maximum credible tsunami) in Christchurch City
due to a magnitude 9.485 subduction earthquake originating off the coast of Peru.

Both scenarios were modelled using four different sea level scenarios:
•
•
•
•

2018 sea level
forecast 2040 sea level (+0.19 m)
forecast 2065 sea level (+0.41 m)
forecast 2120 sea level (+1.06 m).

The modelling results are given in Bosserelle et al., 2018, Land Drainage Recovery Programme:
Tsunami Study. This modelling used Gerris (open-source tsunami modelling software) to model
propagation of the tsunami across the Pacific Ocean for the 2,500 year return period event; this model
had already been run for Environment Canterbury in 2014, see section 4.1.3, and therefore was not
remodelled for this project. ComMIT (Community Model Interface for Tsunami, developed by the NOAA
Center for Tsunami Research) was used to model the 500 year return period event. Basilisk, a successor
to Gerris, was used to model inundation on land (rather than RiCOM, which was previously used by
NIWA for inundation modelling for Environment Canterbury).
The 2018 NIWA modelling results for the 500 year return period magnitude 9.28 Peru earthquake show
very similar wave heights at coast and inundation to the 2019 GNS Science modelling results for a
comparable magnitude 9.3 Peru scenario. The NIWA modelled inundation is shown in Figures 4-6 and
4-7. Modelled maximum wave heights at coast at the Waimakariri River mouth are approximately
5.4 metres and 5 metres respectively.
The 2018 NIWA modelling results for the 2500 year return period magnitude 9.485 Peru earthquake
show similar maximum wave heights at coast to the 2019 GNS Science modelling results for the
comparable ten magnitude 9.45 Peru scenarios (with different rupture/slip patterns). Modelled
maximum wave heights at coast at the Waimakariri River mouth are approximately 9.5 metres and
10 metres respectively. However, even though the maximum wave heights at coast are similar, the
GNS Science modelling shows much greater inundation of land than the NIWA modelling, shown in
Figures 4-8 and 4-9,, particularly around the Styx River, Parklands, Aranui, Wainoni, Woolston and
Hillsborough. This is likely due to differences in the tsunami propagation and inundation models and
digital elevation models used.
In fact, the NIWA 2500 year return period modelled inundation areas are very similar to the 500 year
return period area, despite the large difference in modelled maximum wave height at coast (9.5 metres
and 5.4 metres respectively). NIWA explains this as being a result of the tsunami wavelengths of the
particular scenario modelled saying ‘while this may appear counter-intuitive, this is the result of the
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higher frequency waves from the 1:2,500 year scenario losing a large amount of energy while
propagating along the river channels. The 1:500 year scenarios do not include such high frequency
waves’, which ‘highlights the potential differences in impacts caused by different tsunami scenarios’
(Bosserelle et al., 2018).
The 500 year return period results from the 2018 NIWA modelling were considered when revising the
orange tsunami evacuation zones because they appear to be consistent with the 2019 GNS Science
modelling for a similar scenario. The 2500 year return period results from the 2018 NIWA modelling
were not considered when revising the yellow tsunami evacuation zones because they inundated a
much smaller area than similar scenarios from 2019 GNS Science modelling.

Environment Canterbury Technical Report

23

Review of tsunami evacuation zones for Christchurch City

Figure 4-6:

24

Maximum inundation depth (height above ground) for 500 year return period
tsunami generated by a M9.28 South American earthquake, with current sea level northern section. Note that for the river channels the value given is the height
above the pre-tsunami water level. From Bosserelle et al., 2018
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Figure 4-7:

Maximum inundation depth (height above ground) for 500 year return period
tsunami generated by a M9.28 South American earthquake, with current sea level southern section. Note that for the river channels the value given is the height
above the pre-tsunami water level. From Bosserelle et al., 2018

Environment Canterbury Technical Report

25

Review of tsunami evacuation zones for Christchurch City

Figure 4-8:

26

Maximum inundation depth (height above ground) for 2500 year return period
tsunami generated by a M9.485 South American earthquake, with current sea level
- northern section. Note that for the river channels the value given is the height
above the pre-tsunami water level. From Bosserelle et al., 2018
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Figure 4-9:

Maximum inundation depth (height above ground) for 2500 year return period
tsunami generated by a M9.485 South American earthquake, with current sea level
- southern section. Note that for the river channels the value given is the height
above the pre-tsunami water level. From Bosserelle et al., 2018
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4.1.3

2012-2017 NIWA South American and Hikurangi subduction zone modelling

Following the 2010/11 Canterbury earthquakes, Environment Canterbury commissioned NIWA to model
a ‘worst-case’ (2500 year return period) tsunami generated by a magnitude 9.1 earthquake off the coast
of Peru (Lane et al., 2012). This model covered the Waimakariri and Christchurch coasts from Waikuku
Beach to Taylors Mistake and was undertaken to incorporate the changed ground levels in parts of
Kaiapoi and Christchurch after the earthquakes. This modelling used RiCOM (River and Coastal Ocean
Model, developed by NIWA) for tsunami propagation and inundation and 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.
In 2013 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 magnitude
9.485, significantly higher than the magnitude 9.1 earthquake previously modelled. The effective
magnitude takes into account the different possible slip patterns (differential slip) on the plate boundary
fault during an earthquake. Environment Canterbury thus commissioned NIWA to remodel the Peru
scenario using the higher moment magnitude (Lane et al., 2014). This model again used RiCOM and
generated wave heights above normal sea level at the time of over 9 metres along parts of the
Christchurch coast.
In 2015 Environment Canterbury commissioned NIWA to model an extreme (2500 year return period)
tsunami generated by a magnitude 9 earthquake on the southern Hikurangi subduction zone, a
magnitude 8.6 earthquake on the Wairarapa Fault, and a combined Hikurangi subduction
zone/Wairarapa Fault earthquake with an effective magnitude of 9.15 (Kohout et al., 2015). This
modelling also used the RiCOM model and generated wave heights above normal sea level at the time
of 1-4 metres for most of the Christchurch coast. Wave heights at coast and inundation in Christchurch
was significantly less than for an extreme South American tsunami.
The 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).
In 2017 Environment Canterbury commissioned NIWA to remodel the South American ‘worst-case’
scenario (using the magnitude 9.485 source earthquake), assuming flow in the Waimakariri, Avon and
Heathcote rivers, and assuming several dune breach scenarios, provided by Environment Canterbury
(Lane et al., 2017). The model grid also used more detailed post-earthquake river bathymetry than the
2014 model. This modelling used RiCOM and Basilisk to model inundation on land for various dune
breach and river flow scenarios. The model showed significantly more inundation of low-lying land
adjacent to the Avon and Heathcote rivers (much of which is residential red zone) than the 2014 South
American modelling.
All the 2012-2017 NIWA modelling reports were peer reviewed.
The NIWA modelling between 2012 and 2015 produced significantly less inundation of land in
Christchurch than comparable scenarios in the 2017 and 2018 NIWA modelling and the 2019 GNS
Science modelling. This is probably due to multiple factors but is most likely because of the source and
inundation models used, and because the 2017 and 2018 modelling incorporated river flow. In particular,
the RiCOM model used in the 2012-15 NIWA modelling may not have been able to properly handle
breaking tsunami waves and thus may have underestimated inundation on land (Weiss, 2019). Also,
for the Hikurangi subduction zone modelling, the 2019 GNS Science modelling modelled many different
(and some new) possible rupture patterns on the subduction zone compared to NIWA’s 2015 modelling
that only modelled one rupture scenario, which has given a larger range of wave heights at coast (and
subsequent inundation).
For these reasons, the NIWA modelling results from 2012-2017 were not considered when delineating
the new tsunami evacuation zones.
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4.2 Other considerations
While mainly based on modelled tsunami inundation from multiple hydrodynamic models, we also took
into account several other factors in determining the tsunami evacuation zone boundaries:
•

•

•

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, and so it is easier to communicate areas that need to be evacuated
during a tsunami emergency.
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 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 (it is better not to move elderly people unless it is absolutely
necessary, as this often has negative health outcomes).

The approach we have taken to determine the tsunami evacuation zones does not consider 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 suggest that tsunami evacuation zones be reviewed at least every ten 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 review the Christchurch
tsunami evacuation zones, based on the 2018 and 2019 modelling. This section provides detail on how
the tsunami evacuation zone boundaries were delineated for each area.
The zones were determined in a workshop with Environment Canterbury, Canterbury CDEM Group and
Christchurch City Council CDEM staff, taking into account all new modelling and the other
considerations outlined in the previous section. These zones were then ground-truthed (checked on the
ground) by Christchurch City Council CDEM staff, and subsequently reviewed by Derek Todd, a coastal
scientist at Jacobs Ltd, Christchurch City Council and Environment Canterbury flood hazard and river
engineering staff, and members of the Canterbury CDEM Regional Planning Group.
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 by law 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 5-3. 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 website (http://www.ccc.govt.nz)
and Canterbury Maps website (http://canterburymaps.govt.nz). 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 central. 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 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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5.1 Red evacuation zone
The red evacuation zone is largely unchanged from 2017. It includes all beaches, tidal reaches of the
Waimakariri, Avon, Heathcote and smaller rivers, Brooklands Lagoon, and the Avon-Heathcote Estuary
(Ihutai). 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 was mapped off 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 and Chatham Islands CDEM Groups.
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 unlikely 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 only changes to the red zone from 2017 are slight extensions up the rivers. The upriver extents for
the red zones in the Avon (Antigua footbridge), Heathcote (Sloan Terrace) and Waimakariri rivers
(3.5 km upstream of Lorimas Road/4.25 km downstream of the power pylons and the Waimakariri
Regional Park at McLeans Forest) are based on the 2500 year return period South American scenario
given in the 2019 GNS Science modelling. 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 evacuation zones
5.2.1

Orange evacuation zone

The orange evacuation zone is assumed to include all ~500 year return period tsunami scenarios and
be based on a wave height at coast that matches a MCDEM Threat Level boundary (see Table 3-1).
For Christchurch we chose 5 metres wave height at coast as approximating the ~500 year return period
tsunami.
The 2019 GNS Science model results for the southern Hikurangi scenarios show that, in most cases,
the modelled inundation is only slightly further inland than the total modelled inundation for the nineteen
5 metre wave height at coast scenarios. Hence, we have used the modelled inundation for the southern
Hikurangi scenarios to define the inland boundary of the orange zone. Because a southern Hikurangi
subduction zone earthquake will be felt in Christchurch as a mild to moderate long earthquake, it means
we can use the orange zone as the ‘long or strong earthquake = evacuate’ zone, as well as using it for
any official warning with threat levels of 1-3 metres and 3-5 metres (most official Land and Marine threat
warnings).
Out of the 30 ‘worst-case’ southern Hikurangi tsunami scenarios that GNS Science modelled, there was
one that inundated more land than the other 29 scenarios and the nineteen 5 metre wave height at coast
scenarios (this is the dark green inundation area shown in Figure 4-3). We disregarded this scenario in
delineating the orange zone because each individual scenario within the 30 ‘worst-case’ 2500 year
southern Hikurangi tsunami scenarios by definition has a return period of more than 2500 years, which
is beyond the ‘extreme’ time frame that we are required to consider under the Director’s Guidelines. We
have based the zones on the 29 rupture scenarios that are in general agreement (this is the lighter green
area shown in Figure 4-3), rather than the one outlier. Including the one outlier would have been a
conservative approach but the benefits of taking this approach were outweighed by the potential
consequences of significant over-evacuation in the vast majority of long or strong earthquakes and
official warnings.
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Where possible the zone boundaries follow land parcel boundaries, fence lines or roads – features which
can be easily identified on the ground.
The revised 2019 orange zone is significantly larger than the 2017 orange zone, but much of this area
is parkland, farmland or residential red zone. There are approximately 5,500 households and
approximately 13,500 people resident in the 2017 orange zone, and approximately 9,300 households
and 23,500 people resident in the 2019 orange zone. 5

5.2.2

Yellow evacuation zone

The yellow evacuation zone is assumed to include all ~2500 year return period (‘worst-case’) tsunami
scenarios. The 2019 GNS Science modelling confirms that the worst-case tsunami scenario for
Christchurch is a tsunami generated by a magnitude ~9.45 South American earthquake off the coast of
Peru, followed closely by a tsunami generated by a magnitude 9.3 Central American earthquake off the
coast of Mexico (see Figure 4-5).
The yellow zone also incorporates inundation from a tsunami generated by a magnitude 9.3 earthquake
on the southern Kermadec subduction zone, near the East Cape of the North Island (see Figure 4-4).
This earthquake would likely be felt in Christchurch to some degree, depending on how the subduction
zone ruptured, and could take as little as 2 hours to reach Christchurch because it travels very quickly
down the deep water of the Hikurangi Trench before hitting the Canterbury Shelf at North Canterbury
and slowing down (see Figure 2-1), making it a regional source earthquake. However, we still
recommend only evacuating the orange zone after a long and strong earthquake in Christchurch, even
though a very large southern Kermadec tsunami may inundate beyond the orange zone, because:
•

•

•

There are an estimated 37,500 people living in the new 2019 yellow zone. In the majority of
cases, the 2019 GNS Science modelling shows that these people do not need to evacuate
after a long or strong earthquake, including for all other modelled Kermadec earthquake
scenarios (up to magnitude 9 on the southern Kermadec subduction zone and magnitude 9.3
earthquakes on the central and northern Kermadec subduction zone, which all fall within the
new orange zone). Evacuations have their own issues including traffic congestion (hindering
the people that really do need to evacuate), accidents, injuries, economic losses, poor health
outcomes for elderly, disabled and other vulnerable people, and eventual complacency.
In a long or strong earthquake, people are advised to evacuate the orange zone immediately,
meaning that the people nearest the coast and the most at risk from a very large southern
Kermadec tsunami should, in theory, start self evacuating.
In the very unlikely event that the long earthquake is a very large (greater than magnitude 9)
southern Kermadec earthquake, there will be time, albeit a short amount of time, to issue an
official warning and to call an evacuation of the yellow zone via the Emergency Mobile Alert in
addition to the orange zone (which, in theory, should already be evacuating).

Like disregarding the one Hikurangi outlier, changing the messaging for Christchurch to evacuate all
zones after a long and strong earthquake because of the possibility of this one scenario would have
been a conservative approach but the benefits of taking this approach were outweighed by the potential
consequences of significant over-evacuation in the vast majority of long or strong earthquakes and
official warnings.
Where possible the zone boundaries follow land parcel boundaries, fence lines or roads – features which
can be easily identified on the ground.
The revised 2019 yellow zone is significantly larger than the 2017 yellow zone but is only expected to
be used for a very large tsunami (>5 metres wave height) for which there will be some warning (at least
2 hours, but more likely >12 hours). There are approximately 5,200 households and approximately

5

Property figures generated by Christchurch City Council using Street Address point data from the CCC corporate dataset.
Population figures generated by Christchurch City Council using 2013 Census meshblock usually resident population counts.
Where a meshblock area intersects with more than one evacuation zone the population count was added to the zone in which
the respective meshblock shared the highest proportion of its total area.
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13,700 people resident in the 2017 yellow zone, and approximately 14,000 households and
37,500 people resident in the 2019 yellow zone. 6

5.2.3

Kainga, Bridgend, Coutts Island

The orange zone includes land on the river-side of the Waimakariri stop banks at Kainga.
NIWA modelling shows that Kāinga is not inundated in any scenario, but the 2019 GNS Science
modelling shows some inundation of Kainga Park and properties on the eastern side of Kainga Road
during a worst-case South American tsunami, via Kainga Drain through Chaneys Plantation (not
overtopping of the Waimakariri stopbank). Therefore the yellow zone includes Kainga, the eastern
boundary being the rail line. None of the modelling shows inundation of Bridgend, so this is not within
an evacuation zone.
None of the modelling shows inundation of the Old Highway Bridge or land immediately to the south in
any scenario, but land in Waimakariri District on the northern side of the Old Highway Bridge may be
inundated in a worst-case tsunami, therefore the bridge is within the yellow zone; we expect the bridge
would be closed in an official warning of a >5 metre tsunami to prevent people from moving into an
evacuation zone on the northern side of the bridge.

5.2.4

Spencerville, Brooklands, Stewarts Gully

The orange zone, which previously included Brooklands and Spencer Park, has been extended to
include Stewarts Gully, Spencerville and the farmland adjacent to the Styx River based on the 2019
GNS Science modelling. (The Styx River is not included in the red zone 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 yellow zone has been extended inland to include Chaneys Plantation and farmland adjacent to the
upper Styx River based on the 2019 GNS Science modelled inundation from a worst-case South
American tsunami.

5.2.5

Bottle Lake Forest

Previously Bottle Lake Forest had only an orange zone reaching approximately 1 km inland from the
coast, which incorporated all modelled inundation. This orange zone remains, based on the 2019 GNS
Science modelled inundation from a Hikurangi subduction zone tsunami and nineteen 5 metre wave
height at coast tsunamis, and is fitted to obvious roads within the forest.
The 2019 GNS Science modelling shows some inundation further inland than the orange zone in a
worst-case Central or South American tsunami, therefore the whole remainder of the park has been
placed in a yellow zone. This is because it is easier for Christchurch City Council parks staff to close
the entire park rather than just part of it during a tsunami warning. The park ranger headquarters at the
western edge of the park are not included in the yellow zone so that they can be used during an
evacuation – no modelling shows any inundation of this area, even in a worst-case scenario.

5.2.6

Burwood, Parklands, Waimairi Beach, North New Brighton

The orange zone north of Beach Road remains the same. The 2019 GNS Science modelling of nineteen
5 metre wave height at coast scenarios show inundation of the residential area between Waimairi Beach
Golf Course and the coast, but minimal inundation of the golf course itself. However, the 2019 GNS
Science modelling of the Hikurangi scenarios show some inundation of the golf course. The orange
zone thus covers the whole golf course for logistical purposes (it is easier to close an entire golf course
rather than part of it during a tsunami event). The orange zone in North New Brighton is extended
slightly inland to encompass the 2019 GNS Science modelled inundation for the Hikurangi subduction
zone and the nineteen 5 metre wave height at coast scenarios. This includes Rawhiti School.
The yellow zone has been extended inland here to cover areas that the 2019 GNS Science modelling
show may be inundated in a worst-case southern Kermadec, Central or South American tsunami. This
includes most of Parklands (inland to Puhara Avenue/Kohi Drive) as well as the area around QEII park
6

See footnote 5.
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and Shirley Boys’ High School/Avonside Girls’ High School.
Queenspark School.

5.2.7

It includes Parkview School and

New Brighton, South New Brighton, Southshore

The whole of New Brighton, South New Brighton and Southshore remains in the orange zone.
The 2019 GNS Science modelling shows that most of New Brighton, South New Brighton and
Southshore is inundated in the nineteen 5 metre wave height at coast scenarios (apart from a few small
areas behind the high dunes between Rodney and Sandra streets) and the entire of this area is likely to
be inundated in a worst-case southern Hikurangi subduction zone tsunami, and worst-case Kermadec,
Central American and South American tsunamis.
This orange zone includes New Brighton Catholic School, Nova Montessori School, and South New
Brighton School, and Pacific Haven Retirement Home.
The logistics of getting everyone out of the area, particularly Southshore, quickly is 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 need to evacuate quickly) people need to consider biking
or walking, which will be quicker than driving.

5.2.8

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

The 2019 GNS Science and 2018 NIWA modelling both show greater inundation adjacent to the Avon
River in a worst-case Hikurangi subduction zone or 5 metre wave height at coast tsunami than previous
modelling and the orange zone has been extended along the Avon River to reflect this. It now includes
Bexley (already in the previous orange zone), parts of Aranui and Avondale, riverside areas of Avonside,
parts of Burwood, and the area around Anzac Drive and Frosts Road to Travis Wetland. We have
included the whole of Travis Wetland Nature Heritage Park in the orange zone even though only a small
portion of the park shows inundation in these scenarios, because it is easier to close the entire park
during a tsunami event, than part of the park. Much of the orange zone around the Avon River is
residential red zone and park land, which subsided during the 2010/11 earthquakes making it more
susceptible to flooding, with only small residential areas. The orange zone here includes Chisnallwood
Intermediate School, St James School and Banks Avenue School (the modelling does not show
inundation of St James School or Banks Avenue School in a worst-case Hikurangi or the nineteen
5 metre wave height tsunamis, but they are on the edge of the modelled inundation so have been
included in the orange zone as a conservative approach). Upstream of the old Avonside Girls’ High
School site the orange zone is confined to the river bank and some riverside roads and extends up to
the Antigua footbridge.
The yellow zone has been extended north of the Avon River in Burwood towards and across QEII Drive,
because the 2019 GNS Science modelling shows some inundation of land here in a worst-case southern
Kermadec, Central or South American tsunami, from water overflowing out of Travis Wetland and
Horseshoe Lake. The areas between Burwood Road and Parnwell Street, and Clare Park and Travis
Wetland, as well as Burwood Hospital, are not inundated in any of the modelled scenarios and are
outside the evacuation zones.
The yellow zone has also been extended west and south to include parts of Dallington, Avonside (mostly
residential red zone), Wainoni and Aranui based on the 2019 GNS Science modelled extents for a worstcase South American tsunami.

5.2.9

Oxidation ponds

The oxidation ponds are relatively high and the 2019 GNS Science modelling shows no inundation of
the oxidation ponds in a worst-case Hikurangi subduction zone tsunami or any of the nineteen 5 metre
wave height at coast tsunamis. However, to be conservative the oxidation ponds and associated
recreation areas to the southeast of Dyers Road are included in the orange zone, which ensures that
recreational users will be well clear of the estuary during a tsunami event. There is some inundation of
the southern half of the oxidation ponds in a worst-case Kermadec, Central American and South
American tsunami. None of the modelling shows the northern part of the oxidation ponds, to the
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northwest of Dyers Road, or the Christchurch Wastewater Treatment Plant being inundated in any
scenario.

5.2.10 Bromley, Linwood, Woolston, Ferrymead, Heathcote
The orange zone has been extended slightly in this area, based on the 2019 GNS Science modelling
for the Hikurangi subduction zone tsunami and the nineteen 5 metre wave height at coast tsunamis, to
now include the eastern end of Bromley (including Bamford School), the low lying areas of the lower
Heathcote Valley and riverside areas of Woolston and Opawa, in addition to Ferrymead and Ferrymead
Historic Park, which were already in the orange zone. Most of this area is parkland, commercial or
industrial. Brookhaven Retirement Village in Bromley has been excluded from the orange zone because
it is right on the edge of the inundation and it is better not to move elderly people unless absolutely
necessary. Upstream of Grange Street in Opawa the orange zone is restricted to riverside streets (no
properties), up to Birdwood Ave in Beckenham.
The yellow zone in this area has been extended inland significantly based on the 2019 GNS Science
modelling of worst-case Kermadec, Central American and South American tsunamis, which shows much
more inundation than modelled by NIWA in 2018 or prior to that. The yellow zone now incorporates
parts of the Heathcote Valley, Hillsborough, Woolston, Linwood and Bromley and some riverside
properties in Opawa. It includes Linwood North School, Te Pa o Rakaihautu, Linwood Avenue School,
Linwood College, Kimihia Parents’ College, Te Waka Unua School, Tamariki School, St Anne’s School,
Opawa School and Christchurch Rudolph Steiner School, as well as Parkwood Hospital, Rosewood
Hospital and Brookhaven Retirement Village.
The yellow zone in Linwood meets up with the yellow zone from the Avon River to the north because
the 2019 GNS Science modelling shows that in a worst-case South American tsunami, inundation from
the rivers may almost meet up north of Linwood Ave (modelled inundation from a worst-case Central
American or Kermadec tsunami does not reach this far). This leaves a large ‘island’ at Wainoni and
Bromley, including the Christchurch Wastewater Treatment Plant and Cuthberts Green, which is not in
an evacuation zone but is surrounded by evacuation zones. The modelling shows that it is very unlikely
that this area would actually be cut off by inundation, and given that it is not inundated itself because it
is relatively high, it is important to leave it out of the evacuation zones so that it (a) does not add to the
amount of people evacuating, and (b) provides somewhere close to New Brighton and South Brighton
for people to evacuate to.

5.2.11 Mt Pleasant to Taylors Mistake
Because of the topography in this area – small narrow valleys – there is little difference in the size of the
modelled inundation areas between the seventeen 3 metre wave height at coast, the nineteen 5 metre
wave height at coast, worst-case southern Hikurangi scenarios, and the worst-case Kermadec, Central
American and South American scenarios. This means that the yellow zones end up being very small,
and for simplicity we have incorporated them into the orange zone so that all modelled inundation is
encompassed in one zone. This makes communicating the zones much simpler in these locations.
In Sumner the new orange zone is extended into the old yellow zone, because inundation from the
3 metre wave height at coast and the 5 metre wave height at coast tsunami scenarios reaches further
inland than previously assumed and the worst-case southern Hikurangi subduction zone tsunami
scenarios inundated further inland than previously modelled by NIWA in 2015.
The orange zone includes several schools including the site of the new Redcliffs School, Sumner
School, Our Lady Star of the Sea School and Van Asch Deaf Education Centre, as well as the Edith
Cavell Home and Hospital.
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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, and we recommend evacuating the red, orange or yellow zones 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.
The 2019 GNS Science modelling results for the 3 metre and 5 metre wave height at coast scenarios
could be used as the basis for land use planning overlays, but these would need to be carefully
delineated, taking into account the errors inherent in the models. Land use planning also needs to take
into account future sea level rise, which is not considered for the evacuation zones for the reasons given
above. The 2019 GNS Science models could easily be re-run using future sea level rise scenarios
should funding become available.
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.

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.
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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 any one tsunami, but represent an
envelope around many possible tsunami scenarios, and that the zone boundary may have been moved
inland to match a road or other feature, for ease of use. Regionally consistent wording for LIMs and
LIRs can be developed as part of the Regional Approach to Managing Natural Hazards.

40

Environment Canterbury Technical Report

Review of tsunami evacuation zones for Christchurch City

7

Reviewing the tsunami evacuation zones

Our understanding of New Zealand’s tsunami hazard is rapidly improving. We suggest that the tsunami
evacuation zones are reviewed within ten years. Any review should take 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 that has occurred 7,
changes to the natural environment,
changes in land use,
changes in demographics, and
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 tsunami
evacuation zones if these models show a significant departure from our current understanding of the
tsunami hazard.

7

Note that current projections predict a 10cm difference in water levels every 10 years over the next 50 years, which is likely to
be within the uncertainty of the tsunami inundation modelling and accounted for in the fixing of the evacuation zones.
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