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EXECUTIVE SUMMARY
This project was developed in response to a request from the Marlborough District Council.
The project plan comprised the following tasks:
1.

Assembling digital elevation models (DEMs) and other data needed to derive
evacuation zones.

2.

Determining domain boundaries and tsunami wave heights relevant to the Marlborough
District’s coast.

3.

Developing a new wave attenuation model for use in the Marlborough Sounds.

4.

Considering the potential for tsunami generated by earthquake-triggered landslides in
the sounds.

5.

Deriving the tsunami evacuation zones using a GIS-calculated attenuation rule.

A regional 8 m resolution DEM and more detailed LiDAR-based DEMS provided by MDC
were assembled. The Marlborough District coast was divided into nine domains following
Power (2013) and two sets of tsunami wave heights were chosen as appropriate for
modelling: the 3-5 m Tsunami Threat Level as defined by MCDEM (2012) and the maximum
wave height presented by Power (2013) that equates to the 2500 year return period wave
height at the 84% level of confidence.
A ‘Level 2’ rule-based methodology was to be used to develop the tsunami evacuation zones
for Marlborough. The methodology uses GIS-calculated attenuation rules developed for use
in open coast, shallow harbour, and river situations but were not considered well suited for
the Marlborough Sounds area. The use of the existing shallow harbour rule to derive
evacuation zones for deep water sounds was considered likely to underestimate potential
tsunami heights and treating the interior of the sounds as the equivalent of open coast was
considered likely to lead to an overestimation of potential tsunami heights. Consequently an
analysis was made with the intention of deriving a sounds wave attenuation rule. Analysis of
the results indicated that maximum water levels can occur at a variety of locations within a
deep water sound and indeed are quite often to be found at the head of the sound. No simple
function could be derived based on reduction of maximum tsunami height with distance from
the mouth and it concluded it was most appropriate to treat the interior of the sounds as
equivalent to the open coastline.
The results indicate that while Blenheim is sufficiently distant from the coast to be outside of
the evacuation zones, many smaller settlements fall inside the zones and it would be prudent
to develop evacuation plans for these settlements.
The edges of evacuation zones derived using the regional DEM do not match exactly with
those developed from LiDAR due to differences in accuracies of the elevation models used,
and Marlborough District Council should use local knowledge to join the zones a way that
best matches the real local topography. Some guidance is provided on how to achieve this.
Marlborough District Council should also create a Red evacuation zone which covers the area
between 2 m above high tide and the open water. Instructions on how to create this zone are
provided. Advice to water craft for actions in the open water are in development with MCDEM
as part of the revision of MCDEM (2008), which is due for release around July 2015.
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The Red Zone is to be evacuated in response to a 0.2–1m threat level warning, defined as a
‘Marine and Beach Threat (including harbours, estuaries and small boats’ (MCDEM 2014).
The Orange Zone was developed to match a 3–5m threat level warning, defined as a
‘Moderate Marine and Land threat’. This area is to be evacuated in response to a 1-3 m or 35 m threat level warning.
The Yellow Zone matches the ‘maximum credible tsunami wave height from all sources’ and
is designed primarily for use as a self-evacuation zone in the event of a strongly felt
earthquake (one that it is hard to stand up in) or a long duration earthquake (one that lasts
for longer than one minute). The Yellow Zone may also be used for official evacuations in the
event of a tsunami forecast that anticipates a tsunami with height of greater than 5 metres at
the shore (i.e. threat levels higher than 3-5 m).
The resulting tsunami evacuation zones can be used to create tsunami evacuation maps as
described by MCDEM (2008). A revision of that guideline is currently underway and a draft of
the revision will be supplied to all CDEM Groups in June 2015. The zones can also be used
by MDC for official warnings and evacuation planning and will better inform communities of
the hazards they are threatened with and how to respond through individual community
response plans.
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1.0

INTRODUCTION

This project was developed in response to a request from Jan van der Vliet, Rivers Investigation
and Planning Engineer of Marlborough District Council (MDC). This report and the
accompanying GIS dataset have been prepared with consideration of details supplied by MDC.

1.1

BACKGROUND

The Marlborough District comprises approximately 1800 km of coastline. The largest
population centres are Blenheim and Picton. Blenheim (population 31,000) sits in the Wairau
River valley at about 5 m above sea level, 8.5 km from Cook Strait. Picton (population 3,000
but potentially doubled when a ferry is docked) sits at the head of Queen Charlotte Sound,
about 40 km from the open ocean and rises from sea level to about 15 m above sea level in
the town centre. Other smaller settlements occur around the coastline, both within the
Marlborough Sounds (e.g., Havelock) and along the open coast (e.g., Clarence, Rarangi) or
at some distance from the open coast (e.g., Seddon and Ward).
Following the Boxing Day 2004 Indian Ocean tsunami a review of tsunami hazard and risk
was undertaken by GNS Science for the Ministry of Civil Defence and Emergency
Management (Berryman 2005, Webb 2005). At that time, inundation models were poorly
tested and the results were presented as a best endeavour. No detailed elevation data were
available for Marlborough and so the district was not included in the study. The nation-wide
losses estimated for tsunami (in terms of damage, deaths and injuries) were twice that
expected for earthquake. Since that early work, GNS Science has refined its tsunami and
inundation modelling capabilities and is routinely providing tsunami evacuation zone
information to local authorities.
While much work has been undertaken to improve the resilience of Marlborough
communities to the threat of earthquake, very little information is held on the threat from
tsunami and the consequential inundation as a result of this hazard. Exercise Tangaroa in
2010 highlighted the inadequacies of information available to assist Controllers and Civil
Defence and Emergency Management (CDEM) staff to make robust decisions about where
to evacuate people from. Furthermore, information is needed to determine safe routes and
destinations for evacuated people.
The Marlborough CDEM Group Plan (2011-2016) noted that while the tsunami threat “was
assessed in both 2005 and 2010 as being ‘unlikely’ and the consequences as ‘insignificant’
which lead to a risk assessment of ‘very low’”, this is currently a “poorly understood threat
however and its evaluation will be reviewed throughout the life of the Plan”. This project has
addressed the tsunami hazard within Marlborough District by undertaking tsunami
evacuation zoning for the entire coastal area throughout the district. The development of the
evacuation zones uses the ‘Level 2’ rule based methodology developed by GNS Science and
the recently acquired high-resolution elevation data provided by Marlborough District Council.
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1.2

TSUNAMI BASICS

A tsunami is a natural phenomenon consisting of a series of waves generated when a large
volume of water in the sea, or in a lake, is rapidly displaced. Tsunami are known for their
capacity to violently inundate coastlines, causing devastating property damage, injuries, and
loss of life. The principal sources of tsunami are:
•

large submarine or coastal earthquakes (in which significant uplift or subsidence of the
seafloor or coast occurs) – this is the main source of tsunami and the basis of the
evacuation zones defined here;

•

underwater landslides (which may be triggered by an earthquake, or volcanic activity) this is currently understood to present a relatively small hazard to the Marlborough
coast (see Section 1.4.4);

•

large landslides from coastal or lakeside cliffs - this is currently understood to present a
relatively small hazard (see section 1.4.5)

•

volcanic eruptions (e.g., underwater explosions or caldera collapse, pyroclastic flows
and atmospheric pressure waves) – not considered in this report due; and

•

meteor (bolide) splashdown, or an atmospheric air-burst over the ocean – not
considered in this report due to the low probability of occurrence.

In a tsunami, the whole water column from the ocean floor to its surface is affected, and
tsunami can have periods of many minutes to tens of minutes. This is in stark contrast to
wind waves which only disturb the surface of the water and typically have periods of seconds
to tens of seconds.

Figure 1

The difference between coastal wind wave and a tsunami wave.

When a tsunami runs onto land the run-up height above sea level it reaches can double the
at-shore amplitude, because the long wave length of tsunami pushes water up hill (Figure 2).
The largest run-ups typically occur where there are narrow valleys on a steep slope, leading
to funnelling of the tsunami into a small area.

2
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Figure 2
The difference in run-up height and inundation distance on relatively flat coast land versus steep
coastal land, for a tsunami of the same wave amplitude at the coast. The highest run-ups typically occur where
there is an additional funnelling effect due to narrow valleys.

1.3

PROJECT DESIGN AND OBJECTIVES

This project has been designed based on the information that is currently available from
Marlborough District Council and GNS Science Ltd. In summary, the project plan comprised
the following tasks:
1.

Assembling digital elevation models (DEMs) and other data needed to derive
evacuation zones.

2.

Determining domain boundaries and tsunami wave heights relevant to the Marlborough
District’s coast.

3.

Developing a new wave attenuation model for use in the Marlborough Sounds.

4.

Considering the potential for tsunami generated by earthquake-triggered landslides in
the sounds.

5.

Deriving the tsunami evacuation zones using a GIS-calculated attenuation rule.

The project objective was to create Level-2 rule-based tsunami evacuation zones that
Marlborough District Council could modify using local knowledge and use in the creation of
tsunami evacuation maps. Once developed, these evacuation zones and maps can be used
for official warnings and evacuation planning and will better inform communities of the
hazards they are threatened with and how to respond through individual community
response plans.
The tsunami evacuation zones were prepared following the MCDEM Tsunami Evacuation
Zones guideline (MCDEM 2008), and the method described by Leonard et al. (2009). This
methodology has been calibrated with data from the 2004 Indian Ocean tsunami and
validated using the 2011 Tohoku tsunami (Fraser and Power 2013).
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1.4

METHODOLOGY

1.4.1

Assembling the DEMs

A DEM developed by Geographx NZ Ltd from LINZ 20 m contour data supplemented with 3second Shuttle Radar Topographic Mission (SRTM) data was used as the basis for deriving
the district wide tsunami evacuations zones. This regional DEM has a horizontal resolution of
8 m and a vertical accuracy that varies depending on how close a DEM cell is to one of the
source contours. For DEM points between widely spaced contours (hundreds of meters
apart) the point can be inaccurate by several metres, in some places near breaks in slope it
can be inaccurate by more than 10 metres.
DEMs with a horizontal resolution of 2 m and derived from LiDAR were provided by MDC for
the Wairau, Awatere and Waima valleys and these were used to derive additional sets of
tsunami evacuations zones for the areas that these datasets cover. LiDAR is typically
accurate to about 0.2 m vertically, varying depending on slope and land-cover – it is less
accurate where buildings or trees occur in the landscape.
MDC also provided a shapefile defining the coast (from the MDC Land_CMA dataset) and
rivers (from the MDC Active_Riverbed_Channel dataset).
Inspection of the LiDAR-based DEMs indicated that in some places they do not quite reach
the coast. GNS Science extended the data to the coast, adjusted any data that lay beyond
the coast to zero elevation and adjusted any onshore elevations that were negative to zero
elevation. Zero elevation in the DEMs was taken as mean sea level (MSL) in the deriving of
the evacuations zones.
It should be acknowledged that where the DEM data is derived from 20 m contours – even if
supplemented with SRTM data – significant errors can arise between the DEM heights and
the true topography. GNS Science uses this data on the basis that it is the data which is
currently available, and on the basis that the resulting evacuation zones are ‘better than
nothing’ in the interim, until better topographic data becomes available.
1.4.2

Domain boundaries and tsunami wave heights

Power (2013) divided the New Zealand coastline into 20 km long domains, each with a set of
maximum tsunami wave heights for selected return periods. This project used nine of the
domains defined by Power (2013).
Modelling of tsunami evacuation zones used two sets of tsunami wave heights for each
domain. The first (the Orange Zone) used the 3-5 m Tsunami Threat Level (Table 1) as
defined by MCDEM (2012). The second (the Yellow Zone) used the maximum wave height
presented by Power (2013) that equates to the 2500 year return period wave height at the
84% level of confidence. Section 3 provides detailed descriptions of these zones.
The 2500 year (84% confidence) maximum tsunami height is used as a probabilistic
interpretation of the ‘maximum credible event’. It is the most conservative statistic presented
in Power (2013) and for which the hazard model was developed. Still larger tsunami are
possible at even longer return periods. It would be possible to create another evacuation
zone for events with return periods longer than 2500 years but McDEM (2008) recommend
developing no more than two to three evacuation zones as additional zones create additional
complexity in the communication of warnings. Including events with return periods longer
4
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than 2500 years in the Yellow Zone would result in a large zone requiring many people to be
evacuated every time a tsunami warning above 3-5 m was issued or a strong local
earthquake is felt. Evacuating very large areas and populations can result in casualties due
to congestion. A precise balancing of these factors is not currently possible, but the use of
the 2500 year 84% confidence tsunami height has been widely adopted as an appropriate
input for the Yellow Zone in the ‘Level 2’ approach. Also note that the rules used to derive the
onshore extent of the evacuation zones from the maximum tsunami heights at the coast
introduce additional conservatism (i.e. they are based on cautious assumptions), though this
is not quantified.
Table 1
National tsunami warning threat levels from MCDEM (2014). Note these heights must be doubled
and added to the high tide value to give the maximum credible run-up height at the shore.

Maximum expected
amplitude (m) at shore

Threat definition

< 0.20

No threat

0.2 – 1

Threat to beach, harbours, estuaries and small boats

1–3

Minor land threat

3–5

Moderate land threat

5–8

High land threat

>8

Severe land threat

The maximum wave height at the shore presented by Power (2013) is derived from a
probabilistic model that includes all known earthquake sources around the Pacific Ocean and
close to New Zealand. There are many uncertainties regarding the potential for tsunami
generation and the 84% level of confidence was used to be sure that these uncertainties were
allowed for in the evacuation zone derivation. In simple terms, the 50% confidence results are
a best estimate of the tsunami heights, and the 84% confidence results show estimates that
assume a pessimistic interpretation of the uncertainties; see Power (2013) for details.
The tsunami wave heights from McDEM (2008) and Power (2013) were doubled to allow for
‘run-up’. This doubling of wave height allows for run-up on land due to the nature of tsunami
(see Figure 2). This value was then added to the high tide value (Mean High Water Springs
adjusted to be relative to Mean Sea Level) to allow for the possibility of a tsunami arriving at
high tide. The MHWS values were read from tide tables available from the LINZ website. The
maximum high tide value anywhere in a domain was used for that domain. Tables 2a and 2b
show how the ‘water elevation at the coast’ was derived for each coastal domain using inputs
from the MCDEM (2014) threat level for the development of the Orange Zone and Power
(2013) for development of the Yellow Zone.
Modelling as part of the development of the sounds wave attenuation model showed
earthquakes associated with one of the sources could be accompanied by subsidence in the
Marlborough Sounds (see Appendix 1, A1.5.2). An allowance for this was added to the water
elevation at the coast in domains 138 and 252 used in development of the Yellow zone (see
Table 2b).
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Table 2a

Orange Zone height derivation.

Domain Code
(Power 2013)

Largest threat level
included
(from MCDEM 2008)

Doubled
for run-up

High Tide

Water
elevation
at coast

Cloudy Bay

138

3–5 m

10.0 m

0.6 m

10.6 m

Clifford bay

139

3–5 m

10.0 m

0.6 m

10.6 m

Cape Campbell

140

3–5 m

10.0 m

0.6 m

10.6 m

Needles Point

141

3–5 m

10.0 m

0.6 m

10.6 m

Cape Soucis (Raetihi)

248

3–5 m

10.0 m

1.5 m

11.5 m

Cape Stephens

249

3–5 m

10.0 m

1.6 m

11.6 m

Chetwode Islands

250

3–5 m

10.0 m

1.2 m

11.2 m

Cape Jackson

251

3–5 m

10.0 m

0.8 m

10.8 m

Tory Channel

252

3–5 m

10.0 m

0.6 m

10.6 m

Coastal Domain
Name

Table 2b

Yellow Zone height derivation.

Domain Code
(Power 2013)

Largest threat
level included
(from
Power 2013)

Doubled
for run-up

High
Tide

Cloudy Bay

138

10.6 m

21.2 m

0.6 m

Clifford bay

139

10.7 m

21.4 m

0.6 m

22.0 m

Cape Campbell

140

10.8 m

21.6 m

0.6 m

22.2 m

Needles Point

141

10.6 m

21.2 m

0.6 m

21.8 m

Cape Soucis (Raetihi)

248

9.9 m

19.8 m

1.5 m

21.0 m

Cape Stephens

249

10.2 m

20.4 m

1.6 m

22.0 m

Chetwode Islands

250

9.5 m

19.0 m

1.2 m

20.2 m

Cape Jackson

251

9.7 m

19.4 m

0.8 m

20.2 m

Tory Channel

252

11.2 m

22.4 m

0.6 m

Coastal Domain
Name

6

Allowance
Water
for
elevation
subsidence at coast
1.0 m

2.0 m

22.8 m

25.0 m
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Figure 3

1.4.3

Coastal domains from Power (2013) with codes used in Table 2a and 2b.

Analysis of sounds wave attenuation model

The existing GNS inundation models were developed for use in open coast, shallow harbour,
and river situations but were not considered well suited for the Marlborough Sounds area,
given the unique physical characteristics of the sounds. The use of the existing shallow
harbour model to calculate evacuation zones for the sounds was considered likely to
underestimate potential tsunami heights in the relatively deep sounds, while conversely
treating the interior of the sounds as equivalent to the open coast was considered to lead to
overestimation of potential tsunami heights. Consequently an analysis was made with the
intention of deriving a sounds wave attenuation rule to improve the modelling results in the
Marlborough Sounds.
To provide data on the distribution of wave heights within the sounds a broad set of tsunamicausing scenarios were considered, covering local tsunami sources as well as regional and
distant ones. A tsunami propagation model was constructed for the sounds, using the
COMCOT tsunami modelling software (Wang and Power 2011) and available bathymetric
and topographic data. With this framework the selected scenarios were modelled and the
distributions of the peak wave heights were examined, both within the sounds and on the
open coasts outside.

GNS Science Consultancy Report 2015/73

7

Confidential 2015

The results of those investigations are presented in detail in Appendix 1. The following were
the main conclusions:
•

The maximum water levels within Queen Charlotte and Pelorus Sound can occur at a
variety of locations within those sounds, and indeed are quite often to be found at the
far end (furthest from the mouth) of the sounds. Therefore no simple function can be
derived based on reduction of maximum tsunami height with distance from the mouth.

•

When comparing maximum tsunami heights within the 20 km domains used in Power
(2013), we find that in many scenarios the maximum wave heights inside the sounds
are of approximately the same size as those on the coast outside.

•

Therefore we conclude that for the purpose of Level 2 evacuation zoning, it is most
appropriate to treat the interior of the sounds as equivalent to the open coastline.

The following additional observations are also relevant to this report:
•

The local source scenarios we have studied confirm the suspicion in Power (2013,
page 169) that the methods used to estimate tsunami heights for local sources in that
report are overestimating the tsunami hazard in many parts of the Marlborough Sounds
region by not accounting for the constriction involved in passing through Cook Strait.

•

In deformation models of large (Mw 9.0) Hikurangi subduction zone earthquakes
subsidence of 1-2m was often found to occur in parts of the Marlborough Sounds
region (the precise distribution of subsidence depends on the specifics of the scenario
and is not predictable). It appears quite plausible that this is related to the processes
that have formed the sounds. Subsidence of this level would have implications that
could be considered in response planning.

1.4.4

Tsunami from submarine landslides in Cook Strait

A recent study (Mountjoy and Power, 2015) provided a first evaluation of tsunami hazard
from submarine landslides in Cook Strait. The analysis was generally conservative (based on
pessimistic assumptions), and concluded that the hazard was greatest in those areas closest
to the Cook Strait Canyons, such as around Turakirae Head near Wellington (Figure 4).
The assessed tsunami hazard for Marlborough coasts is relatively low compared to the
hazard from earthquake sourced tsunamis used here to develop the Yellow evacuation zone.
For instance most of the Marlborough coast is assessed to experience a landslide-generated
tsunami > 10 m with approximately a 1:100,000 year probability. The highest hazard in
Marlborough is on the coast between the entrance to the Tory Channel and Port Underwood,
but even here the annual probability of a landslide-generated tsunami > 10 m is assessed to
be ~ 1:20,000.
At these low probabilities integration of this hazard with the hazard from earthquake
generated tsunamis is not expected to result in significant change to the 1:2500 year (84%
confidence) hazard used in this report to define the Yellow evacuation zone.

8
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Figure 4
Hazard results as probability of exceedence for 5 m and 10 m wave heights from submarine landslide-2
-7
generated tsunami. Scale shows exponential value for annual probability of exceedence (i.e., 10 to 10 ). From
Mountjoy and Power (2015).

1.4.5

Potential for sub-aerial landslide-triggered tsunami in the Marlborough Sounds

The hills surrounding the Marlborough Sounds are potential sources for landslides. The GNS
Science Large Landslide database records 13 landslides with surface areas larger than
500,000 m2. The type and depth of the landslides are not defined so no estimate of volume
can be made. An early report to MDC (Sutherland et al. 1992) noted that several geological
units making up the Marlborough hills were inherently unstable and recorded both deepseated slips and earth flows from these materials. Earthquake-triggered landslides occurring
in Fiordland are considered a hazard beyond the area where the landslide occurs as a result
of tsunami triggered by them (Dykstra 2012, Taig and McSaveney 2014) and it was therefore
necessary to consider the potential for landslides occurring in and around the Marlborough
Sounds to generate tsunami bigger than those generated by earthquakes.
We consider two groups of landslide-generated tsunami: those generated by landslides from
the hills around Cook Strait outside of the sounds, and those generated by landslides from
the hills within the sounds.
We expect tsunami generated by landslides from the hills above Cook Strait to behave
similarly within the sounds as tsunami from other regional sources. The tsunami generated
by such a landslide is expected to only affect the sounds close to the source landslide.
A landslide within the sounds is also likely only to affect nearby shorelines, including shores
on the opposite side of the sound, especially at the heads of embayments. There is only a
small likelihood of very large landslides within the sounds, because of the moderate relief,
and so very large tsunami (with run-ups exceeding many tens of metres) are not likely. There
is a much higher likelihood, however, of smaller landslides occurring during strong
earthquake shaking or heavy rain.
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Because a coastline within a sound can experience a landslide-generated tsunami from a
landslide on either side of the sound, we anticipate that the tsunami risk from landslides
within the sounds may be higher than the risk on the open coast. There are, however, little
data with which to constrain the likelihood of significant earthquake- or rainfall-triggered
landslides large enough to cause damaging tsunami. Landslides within the sounds of as little
as a few thousand cubic metres could generate a tsunami that may locally have a run-up
above 5 m in height in susceptible embayments. The recurrence interval of such an event at
a given site is expected to be much greater than 2500 years, which is longer than the return
period for the events used to derive the Yellow Zone.
1.4.6

Modelling tsunami evacuation zones

The Level-2 rule-based evacuation zoning methodology was developed as a tool for
developing evacuation zones in areas where data or cost constraints currently prevent the
derivation of zones based on comprehensive hydrodynamic inundation modelling. In this
sense it is an ‘interim’ approach used to provide evacuation advice in the understanding that
it is desirable to refine the zones using a more sophisticated approach at a later time when
the necessary requirements for doing so can be fulfilled.
Three types of attenuation rules were applied to deriving tsunami evacuation zones
depending on the landscape (open coast/deep water sounds, harbour or river) and the
source of the DEM.
Open Coast
Evacuation zones for open coast and deep water sounds areas were derived using the open
coast rule. Under the open coast rule the ‘water height’ attenuates at a rate of 0.5% by
distance (i.e. by 1 m for every 200 m travelled) inland from the coast.
Harbours
Tsunami waves passing from the open coast into shallow narrow-mouthed harbours,
estuaries and lagoons (see Table 3) are derived using the harbour attenuation rule. This is
an attenuation rule over water, prior to the wave reaching land. Under the harbour
attenuation rule ‘water height’ remains constant for a distance of 1000 m from the mouth of
the harbour after which it attenuates by half for every 16 km of travel until the height is less
than 2 m above high tide. This rule applies only across the harbour. The open coast
attenuation rule is applied across land adjacent to a harbour using the water height derived
from the harbour rule at that location. The harbour attenuation rule is described in detail by
Fraser and Power (2013).
Initially it was intended that Lake Grassmere would be treated as a harbour but inspection of
detailed imagery indicated that it has a restricted piped outlet to the ocean and that the area
would be more correctly treated using the open coast rule (i.e. the lake is treated as land).

10
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Rivers
A river attenuation rule for tsunami waves propagating along water in a river was used for
rivers greater than 10 m wide (see Table 3). Under the river rule the ‘water height’ attenuates
at a rate 0.25% by distance (i.e. 1 m for every 400 m travelled) upriver. Overbank inundation
across land adjacent to the river is derived using a rate of 2% by distance (i.e. 1 m for every
50 m travelled) over land normal to the river. The river attenuation rule is described in detail
by Fraser and Power (2013).
Where the river attenuation rule is used outside of areas with LiDAR coverage, the river
water height in the regional scale DEM is ignored in favour of a simple estimation of the river
fall using the LINZ contour data. The regional scale DEM cannot be used to determine
accurate elevations along rivers because of the limitations of the elevation data and
techniques used to construct it. The distance along the river from the coast to the position
where the 20 m contour crosses the river is used to approximate an average slope down the
river and therefore a surface elevation can be determined at any point down the river
between the 20 m contour crossing point and the coast. Overbank inundation assumes flat
ground adjacent to the river and inundation is clipped by the 20m contour if it is reached.
Using this rule causes overbank inundation to be over-estimated but in the absence of
reliable elevation data is the accepted more-conservative practice.
Table 3

Names of features treated as ‘harbours’ and ‘rivers’.

Harbours, estuaries and lagoons
Big Lagoon

Rivers
Awatere River
Flaxboure River
Otuwhero River
Waima River
Wairau River Diversion
Wairau River Outlet
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2.0

RESULTS

GNS Science has produced three sets of tsunami evacuation zones as feature classes in an
ESRI geodatabase (MarlboroughRawTsunamiEvacuationZones.gdb). Other supporting
datasets are also included. The tsunami evacuation zones are provided as:
•

Raw_Zones_Regional

•

Raw_Zones LiDAR_Awatere

•

Raw_Zones_LiDAR_Waima

•

Raw_Zones_LiDAR_Wairau

These feature classes are termed ‘Raw’ because they cannot be used as they are at present.
The evacuation zone edges derived using the regional elevation data do not match exactly with
those derived using the MDC LiDAR due to differences in accuracies (and resolution) of the
different elevation models. Local knowledge is needed to join the zones in a way that best
matches the real local topography and MDC or the local CDEM office should check and
reconcile the differences. Any attempt to make this join remotely by the authors of this report
would simply be a guess. Instructions on how to develop the ‘raw’ zones into the final tsunami
evacuation zones and how to develop tsunami evacuation maps are given in Section 3.
Within each feature class are two features, the Orange Zone and Yellow Zone. These
datasets form part of the deliverables and are provided with full metadata which is
summarised in Table 4.
The tsunami evacuation zones indicate that while Blenheim is sufficiently distant from the
coast to be outside of the zones, many smaller settlements fall inside the zones and it would
be prudent to develop evacuation plans for these settlements. It must be noted that the
zones supplied were developed using the best available elevation data. Should LiDAR data
be obtained in an area of significant population it is recommended that the tsunami
evacuation zones be reassessed and, if necessary, recreated.
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3.0

DEVELOPMENT OF TSUNAMI EVACUATION ZONES AND MAPS

GNS Science has delivered interim tsunami evacuation zones that can be used by MDC to
develop Orange and Yellow evacuation zones. Before these can be used to create Tsunami
Evacuation Maps MDC must merge the interim zones developed using the different elevation
data and also develop a Red Zone. Advice on how to achieve these goals is provided below.

3.1

EVACUATION ZONES DEFINITION

The Red Zone
McDEM (2008) define the Red Zone as “a shore-exclusion zone that can be designated off
limits in the event of any expected tsunami. This represents the highest risk zone and is the
first place people should evacuate from in any sort of tsunami warning. People could expect
‘activation’ of this zone several times during their life.”
The Red Zone is to be evacuated in response to the 0.2–1 m threat level warning.
The Orange Zone
McDEM (2008) define the Orange Zone as “the area evacuated in most if not all distant- and
regional-source official warnings (i.e., warnings that extend beyond the red zone, for tsunami
from sources more than one hour of travel time away from the mapped location).”
The Orange Zone developed for MDC matches the 3–5m threat level warning and is to be
evacuated in the event of either the 1–3m, or 3–5m threat level warning being issued.
The Orange Zone encompasses the Red Zone and care should be taken when maps show
these layers. In a situation that requires Orange Zone evacuation it is preferable to say
‘Evacuate Orange and Red Zones’, rather than ‘Evacuate the Orange Zone’ in order to
avoid ambiguity.
The Yellow Zone
McDEM (2008) define the Yellow Zone as covering the “maximum credible tsunami,
including the highest impact events. People should evacuate this zone in natural or informal
warnings from a local source event.”
The Yellow Zone takes into account the worst cases from both modelling and known
geological deposits and has been designed to encompass the area inundated by the tsunami
with a 2500 year return period at the 84% confidence level (Power 2013).
The Yellow Zone is designed primarily for use as a self-evacuation zone in the event of a
strongly felt earthquake (one that it is hard to stand up in) or a long duration earthquake (one
that lasts for longer than one minute). The earthquake does not need to be both long and
strong. In many cases it will be one or the other and making this clearly understood by the
public is an education challenge. These earthquakes usually have a local source and if they
generate a tsunami it will have a quite short arrival time for which immediate self-evacuation
is necessary. The Yellow Zone should also be evacuated in an official warning for larger than
the 3 – 5 m threat level, or in the case of a natural or informal warning where the potential
wave height is unknown.
GNS Science Consultancy Report 2015/73
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While the Yellow Zone encompasses the Orange and Red zones, care should be taken when
maps show these layers. In a situation that requires Yellow Zone evacuation it is preferable
to say ‘Evacuate All Zones’, rather than ‘Evacuate the Yellow Zone’ in order to avoid
ambiguity.

3.2

DEVELOPING THE RED ZONE

MDC must develop the Red Zone. The draft revision of MCDEM (2008) makes
recommendations for developing the red zone and these are summarised here. The revision
is planned to be finalised in July 2015 and it is recommended that MDC consult the
guidelines to ensure these have remained unchanged before developing the Red Zone.
When developing the Red Zone it is best to think in terms of the elevation data available at a
location:
a)

In areas with high resolution data (e.g. LiDAR) the ideal method would be to use
the 2 m above high tide contour, but extended to make sure it covers the beach
and rocky foreshore in any locations where these are not encompassed by the 2
m above high tide contour.

b)

In areas where the LINZ topographic data is used, the beach and foreshore is
generally expected to approximate 2 m above high tide so the beach and rocky
foreshore area should simply be coloured red. Local emergency managers
should verify the red zone and move it inland in any areas where they feel the
beach/foreshore polygon area on topographic maps is unusually close to high
tide.

To derive the Red Zone from LINZ topographic data it would be necessary to use the coastal
beach/ rocks/ sand/ mud/ lagoon/ swamp/ mangroves/ estuary polygons from the 1:50,000
scale dataset. Within MDC areas not covered by LiDAR the Land_CMA dataset could be
used as a starting point for the Red Zone with modifications where minor errors were noted
by GNS Science (e.g., at Picton near the interisland ferry terminal and adjacent marina, and
at other marinas including the Waikawa marina and Havelock marina).
Tidal parts of rivers and estuaries should be included in the Red Zone, along with any beach/
rocks/ sand/ mud/ lagoon/ swamp/ mangroves polygons where they fringe rivers and
estuaries.
The red zone needs to be wide enough at the all viewing scales to be clearly seen along the
whole coast.
NOTE: The high tide level used in the development of the Yellow and Orange zones was
Mean High Water Springs (MHWS) adjusted to be relative to Mean Sea Level and it is
recommended that the Red Zone be developed in the same manner. Care should be taken
when using MHWS as the values given on charts and in tables are ususally relative to
nautical chart datum (the lowest astronomical tide) rather than Mean Sea Level. It is also
recommended to use topographic data defined relative to MSL when defining evacuation
zones.
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3.3

MERGING OF EVACUATION ZONES

There are noticeable differences in the location of the interim zone edges derived using the
regional elevation data and the MDC LiDAR due to differences in accuracies of the different
elevation models. Local knowledge is needed to join the zones in the most logical way.
In areas where there is LiDAR coverage, the zones created using this data should take
precedence over the zones created using the regional elevation data. In Figure 5 the Yellow
Zone extent derived from the LiDAR data is shown in blue and the extent derived from the
regional elevation data is shown in red. The background shade model is derived from the
LiDAR data. Note that the evacuation zone extent defined using the LiDAR (blue) extends
further inland (left) than that defined using the regional elevation data (red) because the
regional elevation model is poorly controlled in these relatively flat areas. In other areas the
evacuation zone extent defined using the regional elevation data may extend beyond extent
defined using the LiDAR. In areas where the LiDAR coverage is complete the zone boundary
from that dataset should be used.
The zone edge derived from LiDAR can be very detailed and simplification is recommended,
such as removal of the small “islands” and intricate detail.

Figure 5
Example of the differences between the Yellow Zone extent for part of the Wairau valley using the
regional elevation data (red line) and LiDAR (blue line). The coastline is towards the right and the difference in the
position of the two zone extents is 500 m as measured along Hunter Road. The Tarrants-Pembers-Hunter road
intersection is at the centre left.

Care should be taken at the edge of the LiDAR coverage as the zones will terminate at the
extent of the data and the zone from the regional dataset should be used if it extends further
inland. In Figure 6 the shade model derived from the LiDAR data is shown in grey and the
shade model derived from the regional elevation data is in brown. The Yellow Zone extent
derived from the LiDAR data (shown in blue) is truncated by the extent of the LiDAR data in
several places and in these areas the zone derived from the regional elevation data (shown
in red) should be used. Where observed, GNS has noted these locations in a point feature
class (named Notes) in the supplied geodatabase.
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Figure 6
Example of an area where the Yellow Zone derived using the LiDAR (blue line) is truncated by the
data extent. In these areas the zone derived using the regional elevation data should be used. The location is the
Waima valley where SH1 crosses the Waima River.

GNS Science is available to assist with advice on how to interpret and modify the interim
evacuation zones datasets if needed.

18
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3.4

CONSTRUCTION OF TSUNAMI EVACUATION MAPS

The Red Zone developed by MDC together with the Orange and Yellow zones developed
from the interim evacuation zones supplied by GNS Science can be used to develop
evacuation maps as described by MCDEM (2008). The zone layers should be added to a
map and ordered so that the Red Zone is on top, the Orange Zone is beneath the Red Zone
and the Yellow Zone is at the bottom as shown in Figure 7.
Evacuation routes and safe locations can also be depicted on the maps (see Figure 7) to
assist with symbology and advice if needed.

Figure 7
Example of a tsunami evacuation map showing evacuation zones, evacuation routes and safe
locations and appropriate explanations.
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4.0

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

A GIS dataset of tsunami evacuations zones for Marlborough District has been prepared.
The tsunami evacuation zones indicate a number of communities are at risk from tsunami.
Where available, high-resolution elevation data was used but for the majority of the district a
lower resolution regional elevation model was used. Should LiDAR become available in
areas not currently covered (e.g., Picton, Waikawa, Havelock) these areas should be
considered for remodelling.
MDC should use local knowledge and the guidance provided by GNS Science to merge the
tsunami evacuations zones derived from the two sources of elevation data used in this study.
MDC should also develop tsunami evacuation maps following the guidelines presented by
McDEM (2008, and the revision due in July 2015) and, after community consultation, define
safe evacuation routes and destinations and install appropriate signage. GNS Science is
available to assist in development of definitions for use on maps and other public materials,
provide advice on how the zones can also be used for official warnings and evacuation
planning and how they could be incorporated in individual community response plans if
required.
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5.0

DELIVERABLES (ATTACHED CD)

The study undertaken by GNS Science has produced three sets of tsunami evacuation
zones as feature classes in an ESRI geodatabase:
•

Raw_Zones_Regional

•

Raw_Zones LiDAR_Awatere

•

Raw_Zones LiDAR_Wairau

•

Raw_Zones_LiDAR_Wairau

These feature classes are termed ‘raw’ because they cannot be used as they are at present.
Instructions on how to develop the ‘raw’ zones into the final tsunami evacuation zones and
how to develop tsunami evacuation maps are given in Section 3.
The supporting datasets included in the geodatabase are:
•

CoastalDomains (domains used in this study)

•

Harbours (inputs used to define areas treated as harbours)

•

Rivers (inputs used to define areas treated as rivers)

•

Coastline (coastline used in this study)

•

shade_lidar_awatere (shade model developed from LiDAR of Awatere valley)

•

shade_lidar_waima (shade model developed from LiDAR of Waima valley)

•

shade_lidar_wairau (shade model developed from LiDAR of Wairau valley)

•

shade_regional (shade model developed from Geographx DEM of the region)

•

notes (locations where the Land_CMA layer was modified before use as a coastline
and where the raw tsunami evacuations zones derived from the LiDAR-based DEM are
truncated by the extent of the LiDAR data).
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Table 4

Metadata for the layers within the GIS dataset delivered accompanying this report.

Database

The results and inputs used in development of Interim Tsunami Evacuation
Zones for the Marlborough District Council. The zones were defined using a
conservative estimate of the area possibly inundated using a GIS method
based on the attenuation relationship between water height at the coast,
distance from the coast and elevation, and which applies different
attenuation rules for land, harbours and rivers.

Raw_Zones_Regional

Raw Tsunami Evacuation Zones (regional zones) for the Marlborough
created using a region-wide DEM derived from Geographx New Zealand
DEM (version 2.1). The zones were derived using a GIS method
implementing attenuation relationships for land, harbours and rivers. The 8
m resolution DEM is based on LINZ Topo50 topographic 20 m contours, spot
heights and SRTM satellite data and was modified by setting sea areas and
negative DEM elevations to zero. The accuracy of the zones is closely
related to the accuracy of the DEM and other features (coastline, harbours
and rivers) used. Because of the poor resolution in flat areas, the DEM was
not used when applying the river inundation rule but the approximate fall of
the river was estimated from the distance along the river from the coastline
to the 20 m contour. The output river inundated areas were clipped with the
20 m elevation contour which, in most cases, overestimates the inundated
areas around rivers.

Raw_Zones_LiDAR_Awatere

Raw Tsunami Evacuation Zones for part of the Awatere valley based on a
LiDAR derived DEM supplied by MDC. The zones were derived using a GIS
method implementing attenuation relationships for land, harbours and rivers.
The DEM was supplied at 2 m resolution and resampled to 8 m, and offshore
areas defined using the coastline derived from the MDC Land_CMA dataset.
Negative elevations in the DEM were set to zero. The accuracy of the zones
is closely related to the accuracy of the DEM and other features (coastline,
harbours and rivers) used, but is considered to be better than the accuracy
of the regional zones and should supersede those in most areas.

Raw_Zones_LiDAR_Waima

Raw Tsunami Evacuation Zones for part of the Waima valley based on a
LiDAR derived DEM supplied by MDC. The zones were derived using a GIS
method implementing attenuation relationships for land, harbours and rivers.
The DEM was supplied at 2 m resolution and resampled to 8 m, and offshore
areas defined using the coastline derived from the MDC Land_CMA dataset.
Negative elevations in the DEM were set to zero. The accuracy of the zones
is closely related to the accuracy of the DEM and other features (coastline,
harbours and rivers) used, but is considered to be better than the accuracy
of the regional zones and should supersede those in most areas.

Raw_Zones_LiDAR_Wairau

Interim Tsunami Evacuation Zones for part of the Wairau valley based on a
LiDAR derived DEM supplied by MDC. The zones were derived using a GIS
method implementing attenuation relationships for land, harbours and rivers.
The DEM was supplied at 2 m resolution and resampled to 8 m, and offshore
areas defined using the coastline derived from the MDC Land_CMA dataset.
Negative elevations in the DEM were set to zero. The accuracy of the zones
is closely related to the accuracy of the DEM and other features (coastline,
harbours and rivers) used, but is considered to be better than the accuracy
of the regional zones and should supersede those in most areas.
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CoastalDomains

Approximately 20 km wide coastal domains for which tsunami wave heights
were determined to match the maximum credible tsunami (one with a 2500
year return period) at the 84% confidence level (Power 2013).

Harbour

Topographic features which were treated as shallow harbours and miodified
from the MDC Active_Riverbed_Channel dataset using the LINZ Topo50 NZ
Mainland Lagoon Polygons dataset and aerial imagery.

Rivers

Topographic features from the MDC Active_Riverbed_Channel dataset used
to create the river layer used for deriving tsunami inundation.

Coastline

Coastline derived from the MDC Land_CMA layer with minor modifications
as noted in the report.

shade_regional

Hill shade model covering the areas prone to inundation in the Marlborough
District. The model was derived from Geographx New Zealand DEM (version
2.1) based on LINZ Topo50 topographic 20 m contours, spot heights and
SRTM satellite data. The 8 m resolution DEM was modified by setting sea
areas and negative DEM elevations to zero before the shade model was
created.

shade_lidar_awatere

Hill shade model derived from Awatere LiDAR DEM supplied by MDC at 2 m
resolution.

shade_lidar_waima

Hill shade model derived from Waima LiDAR DEM supplied by MDC at 2 m
resolution.

shade_lidar_wairau

Hillshade model derived from Wairau LiDAR DEM supplied by MDC at 2 m
resolution.

Notes

Points identifying areas where it was noted that the Land_CMA layer did not
represent the coastline well or where results using the LiDAR derived DEM
are uncertain due to the quality or extent of data. Not all areas where these
issues occur have been identified.
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A1.0

MODELLING OF TSUNAMI HEIGHTS IN THE MARLBOROUGH SOUNDS

A broad set of tsunami scenarios was developed and used to investigate the relationship
between tsunami heights and distance from the entrance to the sounds, and the relationship
between the maximum tsunami heights within the sounds and the maximum heights on the
open coasts adjacent to the sounds. It was anticipated that there would be an overall pattern
in which the peak tsunami heights reduced with distance from the entrance, as was found in
studies of shallow harbours in Northland; however the results showed quite different
behaviour in the relatively deeper Marlborough Sounds.

A1.1

MODEL SETUP

The COMCOT tsunami software (Wang and Power 2011) was used for this study. COMCOT
tsunami models use a series of nested ‘grids’ constructed from bathymetric and topographic
data. Figures A1, A2 and A3 show the set of nested bathymetric grids that were used for this
study. Data for grids 01, 02, and 03 came from the NGDC ETOPO database, supplemented with
data from LINZ Charts, and the Seabed Mapping CMAP and GEBCO08 datasets. Data for grid
04, which covers the sounds at the greatest level of detail, came from the LINZ Data Server.

Figure A1
Nested grid setup for tsunami propagation modelling. The outer grid 01 spans the whole Pacific.
See Figure A2 for closer detail of grids 02, 03, 04.
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Figure A2
Nested grid setup for tsunami propagation modelling. This figure shows the nested grids 02, 03,
04 which focus in on the Marlborough Sounds at increasing levels of detail.

Figure A3
Nested grid setup for tsunami propagation modelling. This figure shows nested grids 03 and 04
which focus in on the Marlborough Sounds at increasing levels of detail.
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A1.2

SCENARIOS

A broad set of earthquake source scenarios was used for this study. The reason for using a
broad set is that the tsunami effects within the sounds are not just related to the wave
amplitude, but also to the number and duration of the series of waves in a tsunami, and a
broad set of scenarios is used to give the best possible chance of estimating the range of
possible behaviours. Table A1 lists the set of scenarios used.
Table A1

Earthquake source scenarios used.

Source Location (approx.)

Codename

Category

Southern Mexico

PE_mw93_4

Distant

9.3

Guatemala

PE_mw93_5

Distant

9.3

Nicaragua

PE_mw93_6

Distant

9.3

Ecuador

PE_mw93_13

Distant

9.3

Central Peru

PE_mw93_16

Distant

9.3

Southern Peru

PE_mw93_17

Distant

9.3

Northern Chile

PE_mw93_18

Distant

9.3

Central Chile

PE_mw93_23

Distant

9.3

Patagonia

PE_mw93_28

Distant

9.3

South Japan

PW_mw93_5

Distant

9.3

Kuril-Kamchatka

PW_mw93_15

Distant

9.3

West Alaska

PW_mw93_25

Distant

9.3

East Alaska

PW_mw93_30

Distant

9.3

Solomon Islands

NH_mw93_4

SW Pacific

9.3

Santa Cruz Islands

NH_mw93_6

SW Pacific

9.3

New Hebrides/Vanuatu

NH_mw93_X

SW Pacific

9.3

Southern Hikurangi (uniform slip)

hikurangi_Southweight_0

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_1

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_2

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_3

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_4

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_5

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_6

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_7

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_8

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_9

Local (Hikurangi)

9.0

Southern Hikurangi (variable slip)

hikurangi_Southweight_10

Local (Hikurangi)

9.0

Fisherman Fault

Fisherman_0

Local (other)

7.4

Manaota Fault

Manaota_0

Local (other)

7.5

Wairarapa Fault

Waiarapa_0

Local (other)

8.1
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The Southern Hikurangi scenarios in Table A1 are based on Mw 9.0 earthquakes, which is at
the very upper bound of plausibility for this source. In Power (2013) the magnitude of the
largest earthquakes on the Hikurangi interface is estimated to lie between Mw 8.0 and 9.0.
The scenarios used here also assume that fault movement (‘slip’) is concentrated on the
southern half of the interface, consistent with recent geodetic results (e.g. Wallace et al,
2014). One scenario was based on assuming that the fault movement is uniform, while a
further 10 scenarios were based on assumptions of randomly varying slip, using the methods
described in Mueller et al (2015) 1.

A1.3

MODELLING METHODS

Modelling was done using COMCOT (Wang and Power, 2011). The resolution used for the
inner grid was approximately 35 metres, and a wall boundary condition was applied at the
shore.
Tsunami can last for long periods of time, and in a situation within partially enclosed bodies
of water, such as the Marlborough Sounds, it may take several hours after the first arrival
before the largest wave occurs. For this reason Distant and SW Pacific sources were
modelled for the first 30 hours after the source earthquake, and local sources for the first 15
hours.

A1.4

RESULTS

For the discussion of the results it is helpful to illustrate the 20 km coastal domains
developed by Power (2013) for the purpose of tsunami hazard assessment. Note that
Pelorus Sound lies within domain 250, and Queen Charlotte Sound within domain 251, and
that the Tory Channel is part of domain 252 (Figure A4).

1
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Both the ‘uniform’ and ‘random’ slip models are subject to the overall concentration of fault movement on the
southern half of the Hikurangi plate interface. Consequently our ‘uniform’ slip model may be more accurately
described as ‘smoothly varying’.
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Figure A4
open coast.

Coastal domains as defined in Power (2013). Red dashed lines define the boundaries of the

Maximum water levels in each scenario were extracted at shoreline locations within the two
sounds and the Tory Channel using the Level 04 grid. For each of these locations an estimate
was made of the shortest distance from those points to the open coast (as indicated by dashed
red lines on Figure A4). Plotting of these heights and distances is shown in Figure A5.

Figure A5
Maximum water heights in metres as a function of distance from the open coast in kilometres.
Data for all scenarios has been plotted on the same figure.
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For the purposes of attempting to develop a sounds attenuation model it is more useful to
normalise the waveheights for each scenario so that the largest waveheight in the Sound is 1
(Figure A6).

Figure A6
Maximum water heights as a function of distance from the open coast, plotted with data for all
scenarios and all water bodies superimposed. Heights have been scaled such that the maximum height for each
scenario is 1 in each water body.

Examination of Figure A6 indicates that the anticipated pattern of a waveheight envelope that
decreases with distance from the Sound’s entrance is incorrect. Instead maximum heights
within the sounds can be found at a variety of distances, and indeed are quite often found at
the far ends of the sounds (farthest from the entrance).
These results suggest that the sounds are sufficiently deep that instead of a dissipative
environment – like the shallow harbours in Northland – we have a resonant environment in
which water is ‘sloshing’ within the sounds.
After finding no simple attenuation relationship within the sounds, a second question was
investigated: how do the peak water levels within the sounds compare to those on the open
coast outside of the sounds within the same 20 km coastal domain? The purpose here was
to see whether a reduced waveheight could be applied within the sounds (even without a
distance attenuation relationship). Results of this investigation were generated using the
same scenarios, and are plotted in Figures A7 and A8.
Both figure A7 and A8 show that in many scenarios the maximum water levels reached
inside and outside of the Sound are comparable. In Queen Charlotte Sound there are even
some scenarios in which the overall maximum level is recorded inside the Sound (up to
about 10% higher than outside) 2.

2
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Having some scenarios in which the maximum height is higher inside the sound than on the open coast
outside raises the question of whether an ‘amplification factor’ is needed. Our evaluation is that this is not
necessary at this time as there is sufficient conservatism in other areas of the analysis (see A1.5.1 and
A1.5.3). If an updated national hazard model becomes available with lower and more accurate estimates of
coastal hazard (see A1.5.1) then this question should be revisited.
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Figure A7
Ratio of peak tsunami height within Pelorus Sound compared to peak tsunami height within
domain 250 outside of the Sound. The x-axis shows the peak tsunami height in domain 250, whether it is inside or
outside of Pelorus Sound. Key: x – Distant Source, o – SW Pacific Source, ◊ - Hikurangi Source, □ – Other Local
Source.

Figure A8
Ratio of peak tsunami height within Queen Charlotte Sound compared to peak tsunami height
within domain 251 outside of the Sound. The x-axis shows the peak tsunami height in domain 251, whether it is
inside or outside of Pelorus Sound. Key: x – Distant Source, o – SW Pacific Source, ◊ - Hikurangi Source, □ –
Other Local Source.
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A1.5

DISCUSSION

Our principal conclusion from the above results is that the interior of the sounds is best
treated in the same way as the open coast outside of the sounds. This is in some respects a
disappointing result, as it was hoped that an attenuation rule would reduce the size of
evacuation zones. However our interpretation of the data does not support this.
The modelling results brought out several other points deserving of further discussion. For
easy cross-reference, they are presented here in sub-sections.
A1.5.1 Absolute water-levels
The set of scenarios modelled were intended to represent a cross-section of appropriate
scenarios with which to study the sounds response. They were not intended to represent
‘maximum credible’ events (though the Hikurangi models are based on the upper limit of
plausible magnitude for that source). However it is noticeable that the absolute water levels
in the sounds (Figure A4) are all consistently below the values used to define the Yellow
zone (Table 2b) based on the 2500 year, 84% confidence tsunami heights in Power (2013).
This discrepancy may well be related to the problem identified on page 169 of Power (2013):
“The estimated tsunami hazard around the Kapiti/Manawatu coast and the north coast of the
South Island may be overstated because the method used to model tsunami caused by
crustal faults in the Wairarapa/Marlborough area does not take into account the dampening
effect due to the constriction in Cook Strait…”
The correction of this problem is a long-term goal of work on the New Zealand Probabilistic
Tsunami Hazard Model, and will likely lead to lower estimates of tsunami hazard in most
parts of the Marlborough Sounds (nb this largely does not apply to those coasts that lie on
the south side of the narrowest part of Cook Strait i.e. between the mouth of the Tory
Channel and Cloudy Bay. Here there is no clear reason to believe that the hazard is currently
overstated). However, modifying the probabilistic model is beyond the scope of the current
study.
A1.5.2 Effects of subsidence
It was noticeable in the models of Mw 9.0 Hikurangi subduction earthquakes that subsidence
of the order of 1-2m in the Marlborough Sounds was a common feature (see, for example
Figure A9 which is based on a uniform-slip model). This may well be related to the long-term
subsidence trend that is believed to be responsible for the drowned-valleys that form the
sounds. In most of the scenarios the subsidence is mostly confined to the sounds area,
though a few scenarios show some subsidence further south, though this aspect of our
modelling may not be well constrained. We note that recent geological studies at Big Lagoon
in Cloudy Bay (Clark et al, 2015) showed evidence for what was interpreted to be co-seismic
subsidence in past Hikurangi subduction earthquakes: 0.25 ± 0.1 m at 520-470 years BP and
0.45 ± 0.1 m at 880-800 years BP. The later of these events was accompanied by paleotsunami evidence at this site. Note that it is unlikely that either of these earthquakes had as
large a magnitude as the modelled Mw 9.0 events.
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Figure A9
Vertical deformation in metres, uplift is +ve, subsidence –ve, in the Southern Hikurangi Mw 9.0
scenario with uniform slip (codename: hikurangi_Southweight_0).

Ideally where significant subsidence may take place this should be taken into account in
tsunami evacuation zoning, though this has not previously been done in our Level 2
modelling. In the case of Pelorus Sound and Queen Charlotte Sound, and the open coasts in
the corresponding domains 250 and 251, the water levels reached in the models of Mw 9.0
Hikurangi subduction earthquake scenarios (see x-axis of Figures A7 and A8) are sufficiently
below the 2500 year, 84% confidence tsunami heights (see A1.5.1) for these zones to
comfortably accommodate 2 m of subsidence during these events. Subsidence may need to
be explicitly included here once the hazard model has been refined. The same conclusion is
almost certain to apply to zones 248 and 249 which lie even further from the narrowest part
of Cook Strait.
Zones 252 and 138 lie to the south of the narrowest part of Cook Strait, and here there is no
reason to believe the hazard has been underestimated (see A1.5.1) and it appears that
subduction interface earthquakes do constitute a major portion of the tsunami hazard here
and could plausibly have amplitudes comparable to those used as the basis for the Yellow
zone. Consequently we recommend making an allowance for 2m of subsidence in domain
252 and 1m of subsidence in domain 138 – these values are to some extent placeholders for
the results of further research that is needed to better understand and evaluate this problem.
A1.5.3 The Orange zone - A second look
In our main analysis we reached the conclusion that tsunami heights within the sounds could be
similar to those on the adjacent open coast within the same 20 km coastal domain (Figure A4).
This section outlines some additional analysis – not part of the original intent of this study - that
was made to see if a separate tsunami-height reduction factor could be applied only for the
Orange zone. While the conclusion (see Conclusions, below) is that such a factor is not
recommended at this time, the results are presented here for the purposes of discussion.
The Orange zone is intended to be used in the event of a distant or regional source tsunami.
It is intended to be evacuated if the threat-level issued by MCDEM is below a certain
threshold (5m in the current study) – above that threshold all zones should be evacuated.
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Threat-level warnings are issued using a set of 43 coastal warning zones. These warning
zones are much larger than the 20 km domains used for probabilistic assessment in Power
(2013). The Marlborough Sounds is part of the “Marlborough Sounds / Tasman Bay” warning
zone that extends from Farewell Spit to the northern edge of Cloudy Bay. The rest of the
Marlborough coast is covered by the “Marlborough East” warning zone.
The “Marlborough Sounds / Tasman Bay” warning zone covers a large area, and our inner
modelling grid 04 covers only part of it, though visual inspection of scenarios suggests that
the maximum tsunami heights within this zone are often to be found in the Marlborough
Sound area. This raises the question of whether, when a 3-5 metre threat-level has been
issued for the warning zone as a whole, is it reasonable to use less than 5m as the basis for
evacuation within the sounds.
To evaluate this issue we investigated the question ‘How do the maximum tsunami heights in
the Pelorus Sound and Queen Charlotte Sound compare to those in the whole of Grid 04 in
Distant and Regional source scenarios?’. Results of these comparisons are shown in
Figures A10 and A11.

Figure A10
Ratio of peak tsunami height within Pelorus Sound compared to peak tsunami height within
Grid04. The x-axis shows the peak tsunami height in Grid04. Key: x – Distant Source, o – SW Pacific Source.

Some caution is necessary here, as this was not the original intended purpose of this project,
and the bathymetric data are less reliable around the edges of Grid 04 where it is merged
into Grid 03. Also the choice of scenarios was not developed with this purpose in mind.
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Figure A11
Ratio of peak tsunami height within Queen Charlotte Sound compared to peak tsunami height
within Grid04. The x-axis shows the peak tsunami height in Grid04. Key: x – Distant Source, o – SW Pacific Source.

Examination of Figure A10 shows that in the distant and regional source scenarios we
studied the maximum tsunami heights within Pelorus Sound were less than 70% of the
maximum heights within the grid as a whole. Figure A11 suggests that for some scenarios
the tsunami heights in Queen Charlotte Sound were among the largest in the whole grid –
though possibly there is a descending trend in which the ratio decreases for larger tsunamis.
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A1.6

CONCLUSIONS

While these results tentatively suggest that a lower tsunami height could be used as the
basis for the Orange evacuation zone within Pelorus Sound, and possibly also for Queen
Charlotte Sound, we do not currently recommend this because:
•

More scenarios would need to be modelled for confidence in this result, particularly for
larger events.

•

The definition of the warning zone boundaries may change over time, and this would
then require reassessing the evacuation zones.

•

It appears clearer and less error prone to work with evacuation zones that can cope
with a 5 metre tsunami wherever it occurs within a warning zone.

•

The Level-2 approach was calibrated from relatively large tsunamis, and we are
cautious about applying it to significantly smaller events, particularly when the DEM
data is derived from 20m contours.

A1.7
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