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EXECUTIVE SUMMARY
1

2

Bay of Plenty regional Council (BOPRC) provided research funding for GNS Science to
undertake a review of the tsunami sources that may significantly affect (pose a land
threat to) the Bay of Plenty region through:
•

An overview of previous tsunami hazards research relevant to the Bay of Plenty
region contained in all relevant publications;

•

A description of the source regions that may significantly affect (provide land threat
to) the Bay of Plenty region.

•

Modelling of tsunami generation, propagation and inundation based on the findings
above.

Study results show:
•

Results consistent with previous work demonstrate that the Bay of Plenty region is
highly susceptible to a tsunami generated from the Kermadec Trench.

•

For the southern (Mw8.5), central (Mw8.9) and northern (Mw8.8) Kermadec
scenarios in Power et al. (2011), inundation modelling using high resolution LIDAR
data identified that no notable inundation would occur in the study areas of Papamoa
and Te Tumu due to the presence of the existing dune systems.

•

For the Whole Kermadec scenario in Power et al. (2011), Mw = 9.4), inundation
occurs within the study areas and the most significant inundation occurs at Papamoa,
where the dune systems are low and more degraded than at Te Tumu.

•

Three variations of the scenarios in Power et al. (2011) were investigated by
incorporating an earthquake slip of 30.0 m, such as occurred within the recent 11
March 2011 Mw9.0 Tohoku earthquake in Japan. These scenarios are:
o

Variation of the Southern Kermadec scenario (slip = 30.0m, Mw = 9.0): leading to
an extensive inundation in the study areas;

o

Variation of the Central Kermadec scenario (slip = 30.0m, Mw = 9.2): leading to a
localised inundation at Papamoa;

o

Variation of the Whole Kermadec Scenario (slip = 30.0m on A and B, slip =
22.0m on C, Mw 9.45): leading to an extensive inundation in the study areas,
similar to the Mw9.0 Southern Kermadec scenario.

These results suggest that the greatest threat to the Bay of Plenty region comes from
earthquake sources greater than Mw 8.5 on the Southern Kermadec (e.g., Segment
A in Power et al. (2011)).
•

A Kermadec-Hikurangi scenario is also developed which provides an impact similar
to the Southern Kermadec Mw9.0 scenario and the Whole Kermadec scenarios
(Mw9.4 and Mw9.45). This scenario involves the fault rupture extended from the
Kermadec Trench, including part of Segments A and B in Power et al. (2011), to the
northern portion of the Hikurangi Margin (Mw = 9.1 uniform dip = 16o and slip= 20.0
m).
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•

The model results show that sand dunes provide an effective and important barrier to
tsunami. The preservation or conservation of sand dunes along the beach front is
critical, and any activities that deteriorate the dune systems should be avoided. If the
dune systems are degraded due to storm waves or other extreme events, actions
need to be carried out to re-condition the sand dune systems back to their original
state to provide their natural protective function (Prasetya, 2007).

•

Scenario modelling of local sources within the Bay of Plenty showed the tsunami land
threat to the Bay of Plenty region from such sources is minimal. Typical return
periods for these faults vary from a few hundred to thousands of years (Lamarche
and Barnes, 2005).
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1.0

INTRODUCTION

Bay of Plenty Regional Council (BOPRC) provided research funding for GNS Science to
undertake a review of the tsunami sources that may significantly affect (pose a land threat
to) the Bay of Plenty region from local and distant sources based on available relevant
publications.
This study aims to provide:
•

An overview of previous tsunami hazards research relevant to the Bay of Plenty Region
contained in all relevant publications;

•

A description of the source region(s) that may significantly affect (pose a land threat to)
the Bay of Plenty Region.

•

Scenario modelling of tsunami generation, propagation and inundation based on the
findings above.

2.0

OVERVIEW OF PREVIOUS STUDIES

New Zealand is subject to a wide range of potential tsunami sources as a result of its
position straddling the Pacific-Australian tectonic plate boundary. Tsunami hazard studies
have been carried out for the east, north and western seaboard of the North Island. These
include the assessment of tsunami hazard and associated risk (Goff J., 2003, and Bell et al.,
2004), and tsunami sources for the combined councils (Northland, Auckland, Waikato and
Bay of Plenty) by Goff et al. (2006) and Walters et al (2006 a,b), and most recently by Power
et al. (2011).

2.1

Joint Tsunami Research Project of EBOP and EW (Bell et al. 2004)

This study was undertaken by Bell et al. (2004) to identify the most significant tsunami
sources and hazards for the Bay of Plenty and Eastern Coromandel Peninsula. The project
involved combining data and information from several distinct sources (sea level and
tsunami runup data, eyewitness accounts, marine geophysical surveys, and paleo-geological
investigations of undisturbed sediment cores inland from the coast) including numerical
modelling of tsunami resonance behaviour. A comprehensive summary of local (travel time
from 30 to 60 minutes) and regional (travel time from 1 to 3 hours) tsunami sources was
compiled from available geophysical investigations (seafloor mapping and seismic profiling
of faulting systems, underwater volcanoes and landslides) and knowledge of past volcanic
behaviour.
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Subduction interface earthquakes that originate from the Tonga-Kermadec-Hikurangi
subduction zone (where the Pacific Plate underthrusts the Australian plate to the west) were
identified as a major tsunami source for the region. This source area stretches from the
eastern margin of North Island northward along the Kermadec Ridge toward Tonga.
However, whether the entire subduction zone is a potential tsunamigenic hazard is not yet
certain because of significant changes that occur in the crustal structure along this margin.
Consequently further evaluation of potential tsunami generation from this source was
suggested. Locations of this source together with six others (6) are illustrated in Figure 2.1-1.
Paleo-tsunami records with run-up elevations greater than 5 m were also reported. These
reports identified at least five events that may have originated from local and regional
sources. Further analysis of tsunami run-up heights from paleo-tsunami deposits using
numerical modelling incorporating detailed topography and nearshore bathymetry was
suggested once credible source-generation scenarios have been constructed.
Numerical modelling of tsunamis was carried out using RiCOM software (Walters, 2005) with
a focus on tsunami resonance behaviour caused by distant sources. Regular waves of
constant height and specified period were used as initial conditions for the modelling.
Different model simulations were run, covering a range of wave-train periods from 15
minutes to 5 hours. The sources were assumed from the eastern Pacific Ocean e.g. from
South America. The model used relatively low-resolution bathymetry and topography data
from GEBCO (2 arc minutes), with the results only applicable to open coastal areas,
because the bathymetry data does not include estuaries. The broader pattern of resonance
or amplifications was emphasized, however only model results for wave periods of 75 and
90 minutes were presented as the most relevant for the resonance of Bay of Plenty and
Coromandel region. Local and regional sources were not included in this numerical
modelling assessment.
The historic record (at the time of the report) showed that no locally or regionally sourced
events have affected the BOP and EW region since 1840. However, at least eleven far field
tsunamis sourced mainly from South America are known to have affected places along the
BOP and eastern Coromandel Peninsula. The historical record is recognised as being too
short to cover large fault ruptures from local or regional sources, as they tend to have return
periods of 200s to 1000s of years.
Combination of historic records from AD1840 and paleo-tsunami signatures dating back
4000 years across the Eastern Coromandel and Bay of Plenty region show that a number of
tsunami from both near and far field sources have affected the region (Table 2.1-1). These
data show that no large local or regional source tsunamis have affected the Bay of Plenty or
eastern Coromandel over the last 170 years. Potentially this could indicate that recurrence
intervals for large earthquakes within this region are greater than 170 years. Paleo-tsunami
sediment core records indicate that at least two major regional scale tsunami events
occurred over the last 4000 years. One event was in AD1302-AD1435 with some evidence
for two separate major events during this period, and an earlier event at 2500-2600 years
BP.

GNS Science Consultancy Report 2011/224

2

Confidential 2011

Figure 2.1-1
General locations of potential sources for regional and local tsunamis that could
impact the Bay of Plenty and eastern Coromandel coasts correspond to a source along Hikurangi
Margin, upper plate faults and landslides (1a, 2, 3), Tonga-Kermadec (1b), undersea volcanism along
the Tonga-Kermadec system (4), local faults offshore from the Taupo Volcanic Zone – TVZ (5), and
offshore volcanic island sources (6) (Source: Bell et al.2004).
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Table 2.1-1

A summary of the known past tsunami events (updated from Bell et al. 2004).

Tsunami

<0.5 m*

0.5-1 m

1-3 m

3-5 m

>5m

No. of events

>6

3

4-5

?^

5 or 6

Year(s)

Sept 2009

Mar 2011

May 1960

Regional-scale

June 2001

Feb 2010

Aug 1883

AD1302-1435

July 1998

Nov 1922

May 1877

2500-2600 y BP

Oct 1994

Aug 1868

Local-scale

June 1977

1700?

AD1600-1700?

runup height
(est.)

Jan 1976

AD1200-1300

Mar 1964

1600-1700 y BP
2900-3000 y BP

* Many events of <0.5 m run-up may have occurred, but gone unnoticed before instrumental sea
level records became available
^ No events >3 m run-up in the historical records, and paleo-tsunami analyses at this stage can
only resolve events with >5 m run-up

2.2

Tsunami Source Study (Goff et al. 2006)

Goff et al. (2006) undertook this study to identify the most significant tsunami sources for the
combined region (Northland Regional Council, Auckland Regional Council, Environment
Waikato and Environment Bay of Plenty). General settings for each source (South American,
Solomon Sea and New Hebrides areas, subduction zone event along the Tonga-Kermadec
Trench, and selected local sources) were discussed.
Results were presented for the area encompassed by the four regional councils. A
combination of an inverse solution (paleo-tsunami data guiding source selection) and source
modelling was utilised to determine the most likely significant tsunami source for the region.
The results showed that a subduction zone event along the Tonga-Kermadec Trench
represented the most significant tsunami source. In some cases, modelled surface water
elevations at the coast were in excess of 10 m (Goff et al. 2006). Moreover, the report
suggested that Mw 8.5 to 9.0 events on the Tonga-Kermadec Trench are not implausible
based on paleo-tsunami data and the inverse modelling results. This was larger than
possible magnitude from geophysical data at that time. Historical earthquakes of magnitude
Mw 8.3 to 8.4 have occurred along the Kermadec boundary in the early 1900’s (ITDB/PAC
2004).
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The numerical model RiCOM (River and Coastal Ocean Model) of Walters (2005) was used
to model tsunami generation and propagation. The model utilises Reynolds-averaged
Navier-Stokes equations incorporating an incompressibility condition. However, the
hydrostatic approximation was used and the equations therefore reduced to the non-linear
shallow water equations. RiCOM uses a finite element grid with a time stepping algorithm in
a semi-implicit numerical scheme. To represent inundation processes, a wetting and drying
scheme is included and defined by the finite volume form of the continuity equation which
calculates fluxes through the triangular element faces. To ensure that a model calculation is
accurate and free from excessive numerical errors, the triangular elements are roughly
equilateral in shape. Their size grading is smoothed from areas of high resolution (small grid
size) in the coastal zone to low resolution (larger grid size) offshore. Several model grids
were developed based on existing EEZ (Exclusive Economic Zone) data and GEBCO (IOC,
IHO and BDOC, 2003) for the northern area.
For the Tonga-Kermadec source, the fault dislocation model of Okada (1985) was used to
define the seabed displacement based on information derived from Pacheco et al.(1993).
The report indicated that the magnitude and location of subduction zone events is not well
defined for this region. Therefore, a range of events were used and the results compared
with elevations of paleo-tsunami deposits, in this case, the 15th century event. However,
details of faults parameters used for the range of scenario events modelled are not reported.
A summary of the results is described as follows:
2.2.1

Mw 8.5 Scenarios

Events with magnitude Mw 8.5 were placed south and north of the Rapuhia Scarp (central),
and further north at the boundary between the Kermadec and Tonga Trench at the point
where the Louisville Ridge is subducted beneath the plate boundary as shown in Figures
2.2.1-1 to 3 (Figures 3.2.1 to 3.2.3 of the report). As previously mentioned, no detailed
information was provided regarding fault parameters and dimensions except for the general
subduction parameters sourced from Pacheco et al. (1993). Also, no information was
provided on the model grid resolution used for the nearshore areas. Consequently, based on
the figures contained in the report, model results are only applicable to open coastal areas
as identified when the figures were enlarged (Figure 2.2.1-1 to 3).
2.2.1.1

Southern Section Scenario

This fault scenario is located south of the Rapuhia Scarp, off the East Cape Ridge. The
model results show that the tsunami elevation pattern from this source mainly impacts the
Bay of Plenty to Great Barrier Island (Figure 2.2.1-1). High concentration or maximum
modelled tsunami elevation occurred around the Great Barrier Island.

GNS Science Consultancy Report 2011/224

5

Confidential 2011

Figure 2.2.1-1 Modelled tsunami elevation resulting from a MW 8.5 source located south of Rapuhia
Scarp shows that the Bay of Plenty and eastern Coromandel Peninsula is affected by tsunami with
elevations at the coast (peak to trough) reaching between 2 to 3 m (Goff et al. 2006). Scale bar unit is
in metres.
2.2.1.2

Central Section Scenario

The central fault scenario source is located north of the Rapuhia Scarp. The modelling
shows that this scenario generates less impact on the Bay of Plenty Region as most of the
energy is focused on the Northland region. The range of modelled tsunami elevation
patterns generated along the Bay of Plenty Region ranged from 0.5 to 1 m with the highest
wave energy concentrated around Great Barrier Island (2 m) as shown in Figure 2.2.1-2.

Figure 2.2.1-2 The modelled tsunami elevation produced by a Mw 8.5 event located to the north of
Rapuhia Scarp shows that the Bay of Plenty Region is less affected by tsunamis from this source as
tsunami energy is concentrated farther north along Northland’s coast. Scale bar unit is in metres.

GNS Science Consultancy Report 2011/224

6

Confidential 2011

2.2.1.3

Northern Section Scenario

This fault section is located further north with its terminal point lying adjacent to the point
where the Louisville Ridge is being subducted beneath the Australian Plate at 26oS. The
model results showed that the tsunami elevation pattern from this source mainly impacts
areas north of New Zealand. The modelled tsunami elevation patterns along the Bay of
Plenty Region ranges from 0.5 to 1 m, with high tsunami elevation occurring around the
Great Barrier Island ~ 1.5 m (Figure 2.2.1-3).

Figure 2.2.1-3 Modelled tsunami elevations resulting from an Mw 8.5 event from a source located
further north shows that the Bay of Plenty Region is less affected by tsunami, as the main tsunami
energy is directed to the northwest of NZ perpendicular to the fault plane. Scale bar units are in
metres.

The report shows that the greatest effect of tsunami generated from Mw 8.5 scenarios along
the Bay of Plenty Region was due to sources located south of Rapuhia Scarp while sources
from central and further north, provided lesser impacts.
2.2.2

Mw 9.0 Scenarios

The report indicates that even though a magnitude of Mw 8.0 to 8.5 is considered a
reasonable estimate for the maximum magnitude event for the Tonga-Kermadec subduction
zone, an Mw 9.0 event was included as the Boxing Day 2004 event suggests that those
magnitudes (Mw 8.0 to 8.5) might underestimate the potential maximum magnitude that
could occur.
The magnitude Mw 9.0 scenarios were placed at south of the Rapuhia Scarp, across the
scarp and further up to the north. The fault length and slip was twice that of the Mw 8.5
scenario. However, detailed fault information was not provided in the report. The model
results based on these scenarios are illustrated in Figure 2.2.2-1 to 3 (Figures 3.2.4 to 3.2.6
of the original report).
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2.2.2.1

South Rapuhia Scarp Scenario

This source extends from the East Cape Ridge NE towards the Rapuhia Scarp (N15o E
trending) following the subduction zone trend. The modelled tsunami elevations obtained
from this source indicate that the tsunami significantly impacts the entire shoreline from the
Bay of Plenty through to Great Barrier Island, while the impacts lessen further to the north.
Modelled tsunami elevations along the Bay of Plenty Region range from 3.5 to 5.5 m as
shown in Figure 2.2.2-1, with tsunami waves focusing along the east coast of Coromandel
Peninsula. The east coast of Great Barrier and Mercury Islands experiences the maximum
tsunami elevation of ~ 5.5 m. However, no information can be derived for harbour and
estuaries along the east coast as the grid size used in the model was too coarse (Figure
2.2.2-1).

Figure 2.2.2-1 The modelled tsunami elevation resulting from a (Mw 9.0) source, extending from the
East Cape Ridge northeast across the Rapuhia Scarp, shows significant tsunami impact along the
east coast of Bay of Plenty Region. Scale bar unit is in metres.
2.2.2.2

Central Location across Rapuhia Scarp Scenario

This source located immediately offshore of the East Cape Ridge extends to the northeast
across the Rapuhia Scarp along the N15ºE trending Hikurangi trench as illustrated in Figure
2.2.2-2. The tsunami elevations modelled from this source show significant tsunami impacts
along the entire east coast from the Bay of Plenty up to Northland. The modelled tsunami
elevations ranged from 2 to 5.5 m with elevation patterns showing that the Bay of Plenty
Region experiences maximum wave elevations ranging from 3.0 to 4.5 m. However, the grid
resolution used on this numerical modelling assessment is too coarse near to the coast to
model tsunami elevation inside the harbours and estuaries.
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Figure 2.2.2-2 This tsunamigenic earthquake scenario with a magnitude of Mw 9.0 is located
immediately offshore of East Cape Ridge and extends northeast across Rapuhia Scarp. The grid
resolution is too coarse to assess the tsunami elevation and pattern inside the bays, harbours and
estuaries. Scale bar units are in metres.

2.2.2.3

Northern Scenario

This source region is located to the north of Rapuhia Scarp, extending from the scarp to the
northeast (N15ºE trending) to the point where the Louisville Ridge intersects the Hikurangi
Trench at 26ºS. Modelled tsunami elevations from this source show that most of tsunami
energy is directed to the northwest perpendicular to the fault plane with less energy directed
to the Bay of Plenty Region. The modelled tsunami elevation along the Bay of Plenty Region
lies between 0.5 and 1.5 m. (Figure 2.2.2-3).

Figure 2.2.2-3 Relatively lower tsunami impacts occurred along the Bay of Plenty Region from this
northern source. Tsunami elevations at the coast ranged between 0.5 to 1.5 m. Scale bar units are in
metres.
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2.2.3

Summary

From the Mw 8.5 and M 9.0 scenarios, the report concluded that the Bay of Plenty Region is
highly affected by tsunamis generated from the south and central region of Tonga-Kermadec
subduction zone as illustrated in Figure 2.2.3-1 (Figure 4.4.2-1 of the original report Goff et
al. 2006). This Figure was derived from modelling using a higher grid resolution that allowed
modelled tsunami elevations along the coast and inside the Mercury Bay to be shown. The
distributions of tsunami elevation along the coast from these sources have a similar pattern
and magnitude to that shown by paleo-tsunami deposit data of Goff et al. 2005.

Figure 2.2.3-1 Distribution of tsunami elevations along the Bay of Plenty Region from an Mw 9.0
event on the central part of Kermadec Trench shows a similar pattern and magnitude as paleotsunami deposit data from Goff et al. 2005 for tsunami elevations ~ 5 m. Scale bar unit is in metres.
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2.3

Waireki/Te Tumu Tsunami Inundation Study (Walters et al. 2006a)

Walters et al. (2006a) conducted a tsunami inundation study for Waireki/Te Tumu
development areas of the Bay of Plenty. In this study, a diverse range of potential
tsunamigenic sources either within the Bay of Plenty, along the crustal plate boundaries, or
remotely across the Pacific Ocean were used. The worst case scenario event for subduction
zone earthquakes is defined as the largest events that could occur or have occurred within a
timeframe of 500-1000 years. Their results show the events that generated the largest
tsunamis for the Waireki/Te Tumu development area were a subduction earthquake and
offshore volcanism such as described by de Lange and Prasetya (1999) for a Krakatau-sized
event.
The numerical model used for this study is a general-purpose hydrodynamic and transport
model known as RiCOM (Walters et al. 2006a) based on the Reynolds-averaged NavierStokes equations that are solved on a flexible mesh (finite element) grid arrangement with a
flooding and drying scheme. The model grid for the bathymetry is derived from surveyed
data of coastal coverage with 10 m isobaths up to 200 m water depth and 50 m contours at
greater depths off the continental shelf. No topographic data in the form of a DTM or LIDAR
were available for the inundation model grid. This part of the model grid is derived from a
photogrammetric dataset and coastline data were retrieved from the LINZ high resolution
New Zealand coastline dataset which follows a boundary defined by the mean high water
line.
The tsunami model results, which are carried out at MHWS, show that the subduction zone
events along the Kermadec Trench provide a significant impact to the Bay of Plenty region.
A fault-dislocation model was used to model seabed displacement for events ranging from
Mw 8.3 to Mw 8.7 (based on Lamarche and Barnes (2005) definitions). In Waters et al.
(2006a), an event of magnitude Mw 8.5 was assumed as the maximum credible event with
vertical displacement of 3 m and was chosen as Worst Case Scenario in their study. The
maximum tsunami runup height from this scenario event is 4.2 m on the seaward side of the
study area, and arrives 70 minutes or so after the fault rupture (Figure 2.3-1). This wave did
not breach the coastal sand dunes. However, to the north-west of the site at Papamoa, the
maximum runup is 5.2 m and breaching the sand dunes but not inundating the Waireki/Te
Tumu areas. Part of the wave travels through the Kaituna River and Maketu estuary,
inundating the low-lying areas behind the Te Tumu areas. Walters et al (2006a)
acknowledged that there is a mismatch between the modelled tsunami inundation from this
scenario and the geological data that indicated tsunami inundation sites on the landward
swale adjacent to Parton Road and to the south of Bell Road (Goff. 2002). This is due to
errors in the source magnitude and historic changes in nearshore bathymetry, coastal
topography, vegetation and shoreline position.

GNS Science Consultancy Report 2011/224

11

Confidential 2011

Figure 2.3-1
Distribution of tsunami elevations along the Bay of Plenty Region from Mw 8.5 as a
worst-case scenario shows no inundation occurs along the Waireki/Te Tumu development area.
Scale bar unit is in metres.

Walters et al. (2006a) used the magnitude Mw 8.7 (vertical displacement of 4.5m) as an
extreme case scenario. The modelled landward inundations are similar to the geological
data that indicates the landward inundation areas. Wave runup at Waireki/Te Tumu reaches
7.0 m which is just starting to breach the coastal sand dunes on the seaward side (Figure
2.3-2). At Papamoa areas, the runup height reach 9.1 m and tsunami inundate dune swales
inland of the main residential areas along the dune ridges. The water passes through the
residential area into the stream paralleling the dune system. More extensive inundation
occurs along low-lying areas of the Kaituna Rivers and Maketu estuary.
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Figure 2.3-2
Distribution of tsunami elevations along the Bay of Plenty Region from Mw 8.7 as an
extreme case scenario shows inundation occurs at some places along Papamoa areas. At Waireki/Te
Tumu development area, tsunamis just reach the top of the sand dunes – no significant inundations
occur. Scale bar unit is in metres.

In this report there is no information regarding the fault parameters used for those
subduction zone earthquake event scenarios (Mw 8.5 and 8.7) due to insufficient data on the
Kermadec subduction zone, as acknowledged by Walters et al. 2006. Hence it is difficult to
discuss further the contribution of the source definitions and magnitudes to the inundation
model results.

2.4

Tsunami hazard posed to New Zealand by earthquakes on the
Kermadec and southern New Hebrides subduction margins (Power
et al. 2011)

Power et al (2011) assess the tsunami hazard posed to New Zealand by earthquake on the
Kermadec and southern New Hebrides subduction margins. A set of scenarios for large
earthquakes were developed based on reviewed data on the larger historical earthquakes
that have occurred and plate kinematic and fault-locking results from block modelling of
earthquake slip vector data and GPS velocities. Tsunami hazards were evaluated using a
tsunami modelling program known as COMCOT (Cornell Multi-grid Coupled Tsunami model)
(Wang and Power, 2011) with sea floor displacement caused by an earthquake computed
using Okada (1985). COMCOT used linear and non-linear shallow water equations solved in
a staggered nested grid system using a modified leap-frog finite difference scheme. The
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model has been systematically validated against analytical solutions, experiment studies and
tsunami benchmark problems. The tsunami modelling assessment of the New Hebrides
subduction zone source scenarios show a minimal threat towards the Bay of Plenty region.
However, some of the Kermadec source scenarios demonstrate significant impacts that
provide land threat to the Bay of Plenty region. In general their results are consistent with
previous studies (Goff et al. 2006 and De Lange et al. 2008).
The Kermadec Trench is divided into three segments, namely segments A, B, and C that are
somewhat similar to the southern, central and northern end segments in the previous works
by Goff et al. (2006) and De Lange et al. (2008), but each segment is divided into several
unit sources with different fault parameters (dip and strike) that replicate the curvature of the
subducted plate and the orientation of the trench (Figure 2.4-1). The report mentions that the
physical properties of the Kermadec Trench are relatively homogeneous and consequently
the boundaries between segments are not so well defined that it can be assumed that
earthquake ruptures will terminate at the segment boundaries. Four scenarios are presented
as examples: three events that involve individual segments and a scenario involving the
combined rupture of segments A, B, and C. Based on fault parameters of each segment this
corresponds to events with magnitudes Mw = 8.5 (segment A), Mw = 8.9 (segment B), Mw =
8.8 (segment C), and Mw = 9.4 (segment A+B+C) (Table 2.4-1). This last event scenario is
comparable to the 2004 Sumatra earthquake. Their results demonstrate that the Bay of
Plenty region has a significant threat if a large earthquake (Mw >~8.5) occurs on the
southern (segment A) or central regions (segment B) of the Kermadec Trench (though a
higher magnitude is required on segment B (Mw>~8.9) to produce similar effects to segment
A ruptures), or if there is a multiple segment rupture such as in the scenario in which the
whole Kermadec Trench ruptures: Segments A+B+C (Figure 2.4-2).
Power et al. (2011), proposed logic trees for the magnitude-frequency parameters of large
earthquakes originating from this trench, which are intended to form the basis for future
probabilistic studies. The logic tree implies that events such as the scenario that involves the
combined rupture of segment A, B and C are unlikely to ever occur, as only a 12% weighting
was assigned to magnitude-frequency distributions that permits rupture as large as Mw 9.4
(Power et al., 2011) to take place. However, Power et al (2011) include this scenario as the
possibility of rupture of the entire trench cannot be ruled out empirically (McCaffrey, 2007),
and since the Sumatra earthquake (Mw = 9.2) which caused the Indian Ocean Tsunami
involved a fault rupture of more than 1250 km in length that occurred in a place that was
thought unable to generate such a large earthquake (McCaffrey, 2008). Furthermore, recent
paleo-tsunami studies along the North Island New Zealand (Goff et al. 2010) show evidence
of a spread of tsunami deposits in ~AD1450’s along the North Island which approximately
matches the tsunami height distribution pattern from tsunami generated in the scenario
events that include the rupture of the whole Kermadec Trench (Goff et al.2006, De Lange et
al. 2008, Prasetya et al. 2008).
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Figure 2.4-1
The segmentation of the Kermadec Trench (Segment A, B, and C) to the south of the
Louisville Ridge Seamount Chain (LRSC), with unit sources dimensions of 100 km x 50 km. The
location of the DART 54401 is shown with a red circle. (Source: Power et al. 2011).

Table 2.4-1

Fault parameter of Kermadec Trench (Power et al.2011).
Segment
Southern Kermadec
(Segment A)
Central Kermadec
(Segment B)
Northern Kermadec
(Segment C)
Whole Kermadec
(Segments A+B+C)
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Length

Width

Slip

Magnitude

300 km

100 km

5.0 m

Mw 8.5

600 km

100 km

10.0 m

Mw 8.9

500 km

100 km

8.0 m

Mw 8.8

1400 km

100 km

22.0 m

Mw 9.4
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Figure 2.4-2
Modelled tsunami propagation results from source scenarios developed by Power et
al. (2011) clearly show the directivity of the tsunami propagation from the source region to the
surrounding areas. The Bay of Plenty region is significantly affected by tsunami generated in the
scenarios that involve the rupture Southern Kermadec (Source of figures: Power et al. 2011).

3.0

A DESCRIPTION OF THE SOURCE REGION THAT SIGNIFICANTLY
AFFECTS (LAND THREAT) THE BAY OF PLENTY REGION

No historical records or paleotsunami evidences show that Bay of Plenty suffered any
severe tsunami impacts corresponding to distant sources in the subduction zones around
the rim of the Pacific Ocean due to its geological setting. However, this area is exposed to
potential tsunami threats from local and regional sources such as those from local faults
offshore and regional sources in the subduction zones of Kermadec-Tonga trench and New
Hebrides (Goff et al., 2006; Walters et al., 2006a/b; Power et al., 2011).
Numerical studies of Power et al. (2011) indicate that tsunami threats to Bay of Plenty region
are far less severe than those from the Kermadec trench. And their results further
demonstrate that tsunami generated from the southern and/or middle segments of the
Kermadec subduction zone impose a larger hazard to the coast of New Zealand than
tsunami generated along the northern Kermadec Trench. For tsunami generated by the
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northern Kermadec rupture scenario, the majority of energy travels towards the open Pacific,
as well as through the South Fiji Basin to the northwest toward Norfolk Island and New
Caledonia. In contrast, if the southern and/or middle segments of Kermadec plate interface
are ruptured, refraction effects due to the sloping continental shelf of North Island will
gradually bend tsunami wave rays onshore, and thus much more energy will be directed
toward the coasts from the Northland to Bay of Plenty.
The results of Power et al. (2011) support the scenario studies by Goff et al. (2006) and
Walters et al. (2006a/b). Their studies illustrate that potential ruptures in southern Kermadec
subduction interface or with the extension into the northern Hikurangi margin will pose more
severe tsunami threats to the coasts of Bay of Plenty than other part of Kermadec-Tonga
subduction trench. In Goff et al. (2006) a scenario earthquake of magnitude Mw 9.0 with
rupture extending from the southern Kermadec Trench further south into the Hikurangi
margin provides the maximum tsunami elevation of ~ 5.0 m along the Bay of Plenty.
In this study, regional scenarios of earthquake events are constructed along the KermadecHikurangi subduction interface. The geo-tectonic setting, plate kinematics and seismic
activities along Hikurangi-Kermadec-Tonga subduction zone are summarized in the following
sub-sections.

3.1

The Hikurangi-Tonga-Kermadec Subduction Zone

The Hikurangi-Tonga-Kermadec subduction zone is located in the Pacific Ocean to the
northeast of New Zealand, as a result of the Pacific Plate being subducted below the IndoAustralian and Tonga Plates (Figure 3.1-1). This extended Australia-Pacific plate boundary
reflects a multistage tectonic history related to global rearrangements of plate convergence
in the Southwest Pacific (Bonnardot et al. 2007). The lateral variation of the subduction zone
is continental in character along the Hikurangi Trench where the overriding continental
Australian Plate forms the North Island of New Zealand. It transitions to an island arc in the
north along the Kermadec – Tonga Arc. This lateral variability involves changes in volcanic
and hydrothermal activity, a transition from accretion to subduction zone erosion, back arc
rifting and spreading as well as increasing seismicity northward (Scherwath, et al. 2008).
The Tonga-Kermadec subduction zone with an overall length of nearly 2700 km (extending
from 38ºS to 15ºS) is characterised by a N15ºE trending back-arc domain that mostly
parallels the volcanic arc. This back-arc domain exhibits strong variations in stress and
orientation of tectonic structures from north to south (Bonnardot et al. 2007). The Louisville
Ridge Seamount Chain (LRSC), is subducted obliquely relative to the trench, and intersects
what can be described as a decoupled arc at 26ºS. The LRSC divides the subduction zone
system into two distinctive back-arc basins: the Lau Basin, which is characterised by backarc spreading to the north, and the Havre Trough, which is dominated by back-arc rifting in
the south (Bonnardot et al.2007 and Karig, 1971). The trench to the north of the LRSC is
known as the Tonga-Trench (~1200 km long), and to the south as the Kermadec Trench
(~1500 km long). The rates of southward movement of Pacific plates relative to Australian
Plate are 8.5 cm/year at 17ºS, 7 cm/year at 27ºS and 5.5 cm/year at 35ºS (Figure 3.1-1).
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Figure 3.1-1
Tectonic setting of Tonga-Kermadec Trench showing principal tectonic units and
expected earthquake focal mechanism from Bonnardot et al. 2007. PAC = Pacific Plate, AUS =
Australia Plate.
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3.2

Distribution of shallow seismicity and focal mechanisms

Bonnardot et al. (2007) on the basis of shallow seismic activity distributions divide the
Tonga-Kermadec subduction zone into three domains that correspond to the principal
tectonic units (i.e., the interplate zone, the arc-back arc domains and the north-western area)
as illustrated in Figure 3.2-1. The focal mechanism solutions (CMT) and the Engdahl
catalogue of shallow seismicity with earthquake depth < 50 km were used to model the
shape and state of stress of the slab. Three groups based on the P- and T-axis dip were
derived along the subduction zone. These are: the reverse group (T-axis dip > 45º), the
normal group (P-axis dip > 45º) and the strike-slip group (P and T-axis dip < 45º) (Figure 3.21). Four domains with preferential types of faulting were derived: (zone a) the interplate area,
(zone b) the Kermadec-Havre domain, (zone c) the Tonga-Lau domain and (zone d) the
large northern part of the Lau Basin. It is clear from Figure 3.1-1 that thrust events dominate
the interplate areas with a few normal events, while normal events dominate the interplate
areas near the Hikurangi Plateau and East Cape Ridge.
The interplate area (Figure 3.2-1 - zone a) provides the main focus for analysis of the
tsunamigenic region along this subduction zone. This domain lies between the modern
volcanic arc and the trench, and is the most active zone in the Tonga-Kermadec system
(Bonnardot et al. 2007) where the under-thrusting of the subducting Pacific plate provides
the dominant mechanisms driving seismicity within this region.
Bonnardot et al. (2007) demonstrate the importance of seismic gap features along this
interplate zone that segments the N15oE trending interplate zone. This may reflect different
seismic cycling occurring along this interplate zone. Two large gaps, which are localised in
front of the LRSC and the Hikurangi Plateau respectively, were identified at 25-27ºS and 3340ºS. These topographic highs were expected to increase the interplate coupling that
eventually locks the subduction zone and may strongly disturb the stress regime in the upper
plate as interpreted previously by Scholz and Small (1997). Watts et al (2010) identified the
gap at 25-27ºS as being ~ 170 km long, and characterised by shoaling of the trench due to
the intersection of the LRSC and the subduction zone at 26ºS. Based on Scholz and Small
(1997), the gap is locally well-coupled and seismically locked. Furthermore, Watts et al
(2010) have suggested that Mw>8.0 earthquakes are possible in the future for this gap as it
has sufficient slip length to generate events of this magnitude. This was also identified
previously by Christensen and Ruff, (1988). They suggested that these two gaps have the
potential for future large under-thrust events.
Based on their calculations and observations, Scholz and Small (1997) support the idea of
Cloos (1992) and Christensen and Lay (1988) that seamount subduction will enhance local
seismic coupling. However, Watt et al (2010) suggests that seamount subduction is linked in
some way with the seismicity of convergent plate boundaries that either promotes large
earthquakes or simply holds them up until the next one occurs. Other smaller seismic gaps
centred roughly at 18ºS were also identified. One gap is located in front of a seamount that
has not yet been subducted (Bonnardot et al. 2007) and another one exists further south.
The Samoa Earthquake (Mw 8.0) and tsunami on September 2009 may be related to this
seismic gap. However, further analysis needs to be carried out.
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The large gap at 33-40ºS is poorly constrained due to small numbers of earthquakes along
this section of the subduction zone (Bonnardot et al.2007). Following Collot and Davy
(1998), the gap is associated with the initial collision point between the Hikurangi plateau
and the Kermadec Trench. The northern edge of the plateau is known as Rapuhia Scarp.
This scarp may act as a termination point for the subduction zone rupture to the north and
south, and the change in fault dip across the Scarp suggests that surface deformation
caused by the fault rupture my vary between sections to the north and south of the scarp
(Bell at al. 2004). The scarp is 1 km high resulting in an increase in depth of approximately
1.5 km to the north. The steep slope of the shelf has the potential to produce large
submarine landslides and slumps.
Geometric variations of the subducting slab at four locations along the Tonga-Kermadec
trench were defined by Bonnardot et al, 2007 (Figure 3.1-2) using the Bossu (2000)
statistical method that showed the variation of slab dip for both shallow dip, α, (< 50 km) and
deep dip, β, (>50 km) with precision + 5º. The results showed that shallow dip angles
(< 50 km) varied from 16º to 31º. The seismic gaps are observed in zones where the slab dip
at the interplate contact is lower (α=16-18º +5º) suggesting strong interplate coupling
(Bonnardot et al. 2007). In comparison Pacheco et al. 1993 derived a dip angle of 28º for
the Kermadec trench from 26ºS to 37ºS (1185 km in length).
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Figure 3.2-1
Plate tectonics of Tonga-Kermadec Trench showing (i) distribution of shallow seismicity (<50 km) and focal mechanisms (ii) four domains
based on principal tectonic units (iii): zone a, Interplate zone; zone b, Kermadec-Havre Trough zone; zone c, Tonga-Lau zone; and zone d, northern area
(Bonnardot et al.2007). Lines A, B, C and D shown in (ii) are the slab cross section lines illustrated in Figure 3.1-2.
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Figure 3.2-2
Cross sections of global seismicity with the cross sections width of 600 km based on
the Engdahl catalog (Engdahl et al., 1998) along lines A, B, C and D which relates to 17ºS (a), 23ºS
(b), 26ºS (c) and 32ºS (d) respectively that show the variation of shallow slab dip, α (<50 km) and the
deep slab dip, β (>50 km) with + 5o precision (Bonnardot et al.2007).

Figure 3.2-3
Orientations of P- and T- axis’s for selected areas in the Kermadec subduction zone.
Some areas were poorly constrained owing to a small number of earthquakes (map source:
Bonnardot et al. 2007).
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3.3

Trench sediment, subducted plate age, convergence rate and
seismic coupling

The seismic coupling coefficient is used to describe the locking condition of the subducted
plate. It is the ratio of the slip rate determined from the occurrence of large earthquakes to
the total slip rate (seismic and aseismic). Based on observed and computed seismic
coupling worldwide, Pacheco et al. (1993) found no significant correlation between the
seismic coupling coefficient and the width of the seismogenic zone or other subduction
parameters such as the age of oceanic lithosphere that is being subducted, plate
convergence rates and absolute velocity of the upper plate in the fixed hot spot reference
frame. They explained the variation in seismic coupling observed as being caused by
differences in the frictional behaviour of materials at the plate interface, such as the
subduction of large bathymetric features, topographical roughness, and sediment
composition.
For the Kermadec trench (from 26ºS to 37ºS), Pacheco et al. (1993) showed that the
computed seismic coupling associated with a cumulative moment magnitude Mw 8.1 is
0.160 based on 90 years of seismicity (1900-1990), while seismic coupling based on slip
prediction models lies between 0.21 to 0.29. Aseismic motions are possibly common along
this subduction zone, however on October 20, 1986 an earthquake with magnitude Mw = 8.1
occurred with its epicentre located at 28.12ºS, 176.37ºW (south of the LRSC) (Lundgren et
al. 1989) indicating that this region is not completely aseismic.
Ruff (1989) emphasized that sediments do significantly impact geology, geochemistry, and
geophysics as many geological terranes are thought to be exhumed trench sediments.
Recycling of crustal material via sediment subduction affects the geochemical evolution of
the mantle. Sediments may also influence subduction zone seismicity. Ruff (1989)
suggested a correlation between great earthquakes and excess trench sediment as an
addition to the previous identified relationships between age of subducting plates and
convergence rates (Ruff and Kanamori, 1980). Based on 19 great earthquakes (Mw>8.0)
along the subduction zones of South America – Aleutian – Kamchatka and Japan in
combination with world trench sediment classification of Hilde (1983), he showed that most
of the largest earthquakes occur in regions where excess sediment exists with the exception
of the two great Aleutian earthquakes. Since the report was produced the Mw 9.0 Tohoku
earthquake in Japan has also occurred in a region without excess trench sediment.
The two great Aleutian earthquakes, and the Tohoku earthquake, occurred in subduction
zones dominated by horst graben structures (HGS) (Figure 3.3-1). HGS potentially generate
large earthquakes even though their occurrence is less than excess trench sediment (ETS)
in subduction zones. Observations also showed that many zones with ETS have not been
subject to great earthquakes so it seems that ETS does not necessitate these events. Also
the Ruff and Kanamori (1980) rule indicating that great earthquakes tend to occur in
subduction zones with faster convergence and younger lithosphere was violated during the
Boxing Day 2004 mega thrust event. Here the lithosphere is old and subducts slowly
(McCaffrey, 2008). So perhaps the occurrence of this mega event may be better explained
by the role played by ETS than just its presence.
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Figure 3.3-1
The location of excessive trench sediment (ETS) and horst graben structures (HGS)
in relation to large earthquakes occurring from the 1900’s shows that most large earthquakes occur
along trenches with excessive sediment. However, large earthquakes with magnitude up to M=8.8 are
also possible for horst graben structures that can generate devastating tsunamis as occurred in 1957
and 1965 in the Aleutian arc, Sumba in 1977 and Samoa 2009. Red stars shows large earthquakes
occurring since the 1900’s not plotted on the original map of Ruff (1989).

Ruff (1989) suggests a physical mechanism that addresses this role. He speculates that
excess sediments subducted as a coherent sedimentary layer at elevated temperature and
pressure forms a homogenous and strong contact zone between the plates. This contact
zone was later explained by Fuller at al. (2006). Fuller et al. used recent observations of an
association between forearc basins and slip during subduction-zone thrust earthquakes to
suggest a link between processes controlling upper plate structure and seismic coupling on
the subduction-zone thrust fault. Their numerical simulations demonstrate the role of trench
sediment in stabilising the underlying wedge, thereby preventing internal deformation
beneath the basin. This allows maximum slip to occur during great-thrust earthquakes in
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situations where sedimentary basins stabilize the overlying wedge. Their results show that
due to the lack of deformation in stable sedimentary basins, there is an increased likelihood
of thermal pressurization of the subduction thrust, which allows the fault to load faster, and
allows greater healing of the fault between rupture events.
The trench sediment distributions along the Tonga-Kermadec Trench (Figure 3.3-1 – based
on Hilde, 1983) define areas of excess trench sediment occurring along the Hikurangi trench
up to the Rapuhia Scarp and then continues to the north with horst and graben structures.
Given the above explanations, these areas are also capable of generating large earthquakes
as pointed out by Nishenko and McCann (1981) based on 1833 event. Indeed, several large
earthquakes have occurred along the Tonga Trench in 1982 and 1995 (Ms = 7.7 and 8.1),
and Kermadec Trench 1986 (Ms = 8.1-8.3). The 1982 and 1986 events occurred on both
side of the LRSC, while the 1995 event occurred at the corner of Tonga Trench. The recent
events of September 2009 (Mw = 8.0) are a couplet (Beavan et al. 2010, Lay et al. 2010,
Satake 2010) that was located further north of 1982 event, south of the 1995 under-thrusting
event and further east of the 1986 normal event.
These recent events generated devastating tsunamis in Niautaputapu Island (Tonga) and
the Samoan Islands. Small tsunamis were also recorded at NZ tide gauges along the east
coast of North Island. These vigorous seismic activities along the Tonga trench and near the
LRSC were not followed by any increase in activity along the southern extent of the trench
(Kermadec trench). The Kermadec trench section remains quiescent with no large
earthquakes occurring over the last 170 years, leaving a large seismic gap with significant
implications for the region.

4.0

TSUNAMI
TRENCH

FREQUENCY-MAGNITUDE

ALONG

THE

KERMADEC

The International Tsunami Database (ITDB/PAC 2004) shows that 9 tsunamis have been
generated within the Kermadec region since 1900 (see Figure 4.0-1). Two events occurred
at the northern end of the Kermadec trench where the Louisville Ridge is being subducted,
while another 7 events occurred in the northern segment.
Despite these 9 events, no reports of coastal damage were recorded for the east coast of
New Zealand. De Lange and Healy (2001) and Goff et al. (2005) show that tsunami heights
of less than 0.10 m were recorded at the Port of Auckland tide gauge for the 1976, 1977,
1982, 1986 and 1993 events. However, no data exists for events prior to 1976. Combining
all tsunami records into a frequency-magnitude plot for the region suggests the occurrence
of ~ 1 event in 12 years for small scale tsunami with wave heights <0.1 m. The probability of
occurrence based on available tsunami historical records has been computed using
ITDB/PAC2004 and is shown in Figure 4.0-2.
The historical data since 1900 does not show any large tsunamigenic earthquakes
originating from the Kermadec subduction zone. However, as a general rule of thumb, large
events within the subduction zone are likely to have return periods in the order of 200 to
1000 years, far exceeding the extent of the historic record.
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Figure 4.0-1
The spatial distribution of tsunamis (represented by small circles inside the red
polygon) in Kermadec region based on ITBD/PAC 2004 are confined to the area that extends from
mid central segment to the north end of the Northern segment of Kermadec Trench, including the
subduction point for the Louisville Ridge. No tsunamis have been generated along the southern
segment of the Kermadec Trench.

Figure 4.0-2
The occurrence probability of tsunami height based on available data (ITDB/PAC
2004, De Lange and Healy 2001 and Goff et al 2005) shows that tsunami with heights less than 0.2 m
are common in this region.

Therefore paleotsunami records must be relied on to provide evidence of past inundation
events that predate the NZ tsunami record. Goff et al (2010) showed that three large events
occurred (6500 year BP, 2800 year BP and in 1450 AD) as shown in Figure 4.0-3. The
authors considered that the first two events were likely to be sourced from the TongaKermadec Trench, with the last event originating from an eruption of the Kuwae Volcano
(Vanuatu) in 1453/53 AD.
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However, considering the widespread distribution of substantial tsunami deposits along the
east coast and northwest coast of North Island and the dispersive nature of volcanogenic
tsunami (even though it is larger than the Tambora caldera ~ 12 km x 6 km), the Kuwae
source for this third event is at best questionable and a Kermadec source is considered
more likely. Prasetya (1998), De Lange and Prasetya (1999), Prasetya et al (2000 and
2008), showed that the volcanogenic tsunamis are only devastating locally and or where
eruptions occur within semi-enclosed seas or straits (Krakatau 1883, Tambora 1815 and
Banda Api 1600; applicable to the Mt Healy and White Island scenarios). The tsunamis
generated from these sources may propagate for long distances but their amplitudes
decrease rapidly due to a dispersive character of the tsunamis generated by the volcanic
activities (Mehaute and Wang, 1996, De Lange and Prasetya, 1999 and De Lange et al.
2001).
In summary (Table 4.0-1), the historic and paleo-tsunami data indicates the occurrence of 13
events over a 6800 year period (1 in 523 years). Small events with tsunami height <0.1 m
(recorded at the Auckland Port) or < 0.5 m outside the Hauraki Gulf (Bay of Plenty and
Eastern Coromandel) represent a frequency of 1 event every 10 years (10 events in 110
years). Large event with tsunami heights <10 m have an average occurrence interval of 1 in
2267 years based on 3 events over 6800 years. Goff et al (2005) previously suggested an
occurrence interval of 1 in 1300 years for large events based on 2 events in 2600 years.

Figure 4.0-3
Paleotsunami data along the coast of the North Island based on Goff et al. (2010)
shows three large events with tsunami run-up heights ranging from 5 to 20 m, with some areas
exceeding 21 m. The event in 6800 BP was potentially generated by a large earthquake that ruptured
both the Hikurangi and Kermadec Trench. Wallace et al.2009 indicated that lessons from the 2004
Sumatra event lead to a possibility of more serious scenarios that involve simultaneous rupture of the
entire Hikurangi-Kermadec Trench (with similar scale of ~ 1500 km rupture length). The event in 2800
BP is likely to have been generated by a rupture of the South and Central Kermadec Trench, while
the 1450 AD event may be possibly linked to the massive eruption from Kuwae Caldare in 1452/53AD
(Goff et al., 2010). However, we cannot completely rule out the possibility that it might be caused by a
mega event involving the rupture of the Kermadec Trench as the distribution of tsunami deposit
heights also shows a pattern similar to the maximum tsunami elevations of the Mw9.4 Kermadec
rupture scenario presented in Power et al. (2011).
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Table 4.0-1

Summary of tsunami frequency-magnitude from Kermadec region
DATA SOURCES

DATE

Tsunami Height (m) –
New Zealand coast

1

ITDB/PAC2004

1 May 1917, Ms = 7.9, depth =
60 km

unknown

2

ITDB/PAC2004

16 November 1917, Ms = 7.5
km, depth = 60 km.

unknown

3

ITDB/PAC2004

31 March 1963, Ms = 7.2 ,
depth = 39 km

unknown

4

ITDB/PAC2004

25 July 1968, Ms = 7.0, depth
66 km

unknown

5

ITDB/PAC2004,

14 January 1976 (couplet), Ms
= 7.8, depth = 69 km

unknown

6

ITDB/PAC2004, De Lange and Healy
(2001), Goff et al (2005)

14 January 1976 (couplet), Ms
= 8.2, depth = 33 km

< 0.1 m at Auckland Port

7

De Lange and Healy (2001), Goff et al
(2005)

22 June 1977,

<0.1 m at Auckland Port

8

ITDB/PAC2004

10 October 1977, Ms = 7.2,
depth = 33 km.

unknown

9

De Lange and Healy (2001), Goff et al
(2005)

19 December 1982,

<0.1 at Auckland Port

10

ITDB/PAC 2004, De Lange and Healy
(2001), Goff et al (2005)

20 October 1986, Ms = 8.3,
depth = 29 km

< 0.1 at Auckland Port

11

Goff et al. 2005 (2010)

Early 15th C (1450 AD)

5 to 21 m

12

Goff et al. 2005 (2010)

2500-2600 (2800 cal yr BP)

0 - 5m

13

Goff et al. 2005 (2010)

6800 cal yr BP

0–5m

SUMMARY
13 events in 6800 years ( 1 in 523 years)
Small events
10 in 110 years (1 in 10 years)
Large events
3 in 6800 years (1 in 2267 years)
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5.0

THE SEISMIC GAP AND SEGMENTATION OF THE KERMADEC
TRENCH

The spatial and temporal distribution plot of earthquakes based on the ITDB/PAC 2004
database (from 1900 to 2004) which also incorporates the NOAA/NESDIS/NGDC data sets
shows more earthquakes were recorded since the 1960’s as illustrated in Figure 5.0-1. This
is due to improvements in seismological observations for the region rather than to higher
seismic activity. The temporal distribution also shows that there is a gap in the record from
1917 to 1943 where no earthquakes (large or small) were recorded. This period coincides
with the time between the two World Wars.
The database shows that a total of 2788 earthquakes occurred within this zone with
magnitudes ranging from Ms = 4.5 to 8.3 during the period 1900 – 2004, 41 of which had
magnitudes greater than Ms = 7.0, or nearly 1 event every 3 years. Among the 41
earthquakes, 24 of them were generated along the Kermadec trench with depths less than
35 km (Figures 5.0-2), or within the interplate zone. This gives nearly 1 event every 5 years.
The largest event occurred in 1986 near to the northern end of the Kermadec trench (near to
the LRSC intersection). The last large event along the Kermadec trench occurred in 2001
near to the southern end of the Kermadec trench (Figure 5.0-2 a). This figure clearly shows
several seismic gaps along the Kermadec Trench that are consistent with the data set used
by Bonnardot et al. 2006. These seismic gaps also coincide with fault segmentation
scenarios from the previous work; these are the southern, central and the northern segments
and the extension to the Hikurangi margin.
Power et al. (2011) divided the Kermadec Trench (to the south of the LRSC intersection) into
three segments, namely segments A, B and C based on variations in its physical properties.
A set of scenarios were setup for large earthquakes along these segments with detailed
information on fault parameters to be used as initial conditions for tsunami modelling. Each
segment was divided into several unit sources with different fault parameters (dip and strike)
that replicate the curvature of the subducted plate and the orientation of the trench. These
source scenarios are based on the assessment of plate kinematic and fault-locking results
from block modelling of earthquake slip vector data and GPS velocities to estimate the
current rates of strain accumulation on the plate interfaces (where large tsunamigenic
earthquakes typically occur) and reviewed data on the larger historical earthquakes that
have occurred as well as the Global CMT catalogue of events since 1976. We used this
segmentation with their fault parameters and its variations including the possible extension
to the Hikurangi margin (Wallace et al. 2009) in further assessing the potential of tsunami
impact along the coast of Bay of Plenty region using the COMCOT tsunami code (Wang and
Power, 2011).
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Figure 5.0-1
Spatial (a) and temporal (b) distributions of earthquakes greater than MS = 4.5 within
the Kermadec subduction zone and the Havre Trough zone. There is a gap where no seismicity was
recorded in between 1917-1943 (b, c). There are 41 earthquakes with magnitudes greater than Ms =
7.0 (red bar) (c). (Data source: ITDB/PAC2004).
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Figure 5.0-2
Spatial data (a) that show the seismic gap and temporal (b) distribution of large
shallow earthquakes greater than MS = 7.0 and depth less than 35 km. These events occur mostly
within the interplate zone (along the subduction zone). For the period of 1917-1943, no seismic
activity has been recorded (b, c) which coincides with the inter-world war period. There are 24
earthquakes with magnitude greater than Ms = 7.0 (red bar) (c). (Data source: ITDB/PAC2004).
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6.0

NUMERICAL MODELLING

A numerical modelling assessment was carried out using the COMCOT tsunami modelling
software (Wang and Power, 2011). Model scenarios were developed based on Power et al.
(2011) and its variations for the source along the Kermadec Trench and based on Lamarche
and Barnes (2005) in Walters et al. (2006a, b) for the local sources within the Bay of Plenty
as follows:
•

•

The four scenarios from Power et al (2011): these scenario events involve the individual
rupture of Southern Kermadec (Segment A), Central Kermadec (Segment B) or Northern
Kermadec (Segment C), and Whole Kermadec with a combined rupture of Segments A,
B and C.
o

Southern Kermadec Scenario (rupture of Segment A, slip = 5.0m, Mw 8.5)

o

Central Kermadec Scenario (rupture of Segment B, slip = 10.0m, Mw 8.9)

o

Northern Kermadec Scenario (rupture of Segment C, slip = 8.0m,– Mw 8.8)

o

Whole Kermadec Scenario (a combined rupture of Segments A, B and C,Mw 9.4)

Three Variations of the above Kermadec scenarios: these scenarios were modelled by
increasing the amount of slip to 30 meters, based on the observations in the recent 11
March 2011 Mw9.0 Tohuku earthquake in Japan. The source area of this event was ~
400 km x 200 km with maximum slip of greater than 30 m, far beyond what was originally
thought likely to occur. The Tohoku event demonstrates that the amount of slip in an
earthquake on a subduction zone can be greater than what may be expected based on
the existing knowledge of the rheology and kinematics of the subducting plate. As such,
in this study 30m slip was applied in the following scenarios:
o

Variation of Southern Kermadec Scenario (slip = 30m, Mw9.0)

o

Variation of Central Kermadec Scenario (slip = 30m, Mw 9.2)

o

Variation of Whole Kermadec Scenario (slip = 30m on Segment A, slip = 30m on
Segment B and slip = 22m on Segment C,– Mw 9.45)

•

An Kermadec-Hikurangi Scenario: this scenario involves the rupture extending from
southern Kermadec Trench, covering part of Segments A and B in Power et al. (2011),
into the northern part of the Hikurangi Margin (based on Wallace et al. 2009), with
magnitude of Mw 9.1.

•

Earthquake scenarios on faults local to the Bay of Plenty: as described by Lamarche and
Barnes (2005) and used by Walters et al. (2006a, b), these scenarios were used to
assess the impact from a tsunami generated from local sources within the Bay of Plenty
region. These local faults are as follows:
o

A composite Astrolabe Fault (AST-C1);

o

The Volkner Fault (VOLC-C1); and

o

The White Island Fault (WIF-C1)
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6.1

The Model Grid

The larger grids for this numerical modelling assessment are based on GEBCO 08 3 arc
second and SRTM 30 arc second data. LIDAR data was used to model the topography of
the study area. The regional modelling grid setup was as follows (Figure 6.1 -1):
•

Level 1: Grid resolution of 1 arc minutes (~ 1.5 km)

•

Level 2: Grid resolution of 0.2 arc minutes (~290 m)

•

Level 3: Grid resolution of 0.05 arc minutes (~74 m)

•

Level 4: Grid resolution of 0.00833 arc minutes (~12 m)

Note that the Kermadec-Hikurangi Mw9.45 scenario and local source scenarios used slightly
different grid setups which will be explained in the corresponding sections.
All modelling was undertaken using Mean High Water Spring (MHWS) condition as a
referencing water level which assumes tsunamis evolve on this ambient water level. And all
the inundation modelling results presented in subsequent figures use the following
convention: from offshore to the coastline we plotted the tsunami elevations relative to the
ambient water level (i.e., MHWS).

Figure 6.1-1
The nested grid arrangement for numerical modelling assessments (data source of
Level 1 grids: Gebco08 3 arc second, and SRTM 30 arc second resolution). The colour scale is in
meters.
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6.2

Numerical Modelling using Power et al (2011) Fault Parameters

6.2.1

Southern Kermadec Scenario

The Southern Kermadec scenario in Power et al. (2011) involves the rupture of Segment A
at the southern end of the Kermadec Trench and its fault parameters are given in Table
6.2.1-1. These fault parameters produce an earthquake with a magnitude of Mw 8.5.
The modelling for this scenario involved the source area being divided into 6 unit sources
(100 km x 50 km). These source units had dip angles that varied from 4º to 11º, strike angles
that ranged between 202º to 212º, and depths between 4 km to 10 km. The slip angle was
uniform at 90º and a slip of 5.0 m was used.
The regional maximum tsunami elevation based on these parameters is shown in Figure
6.2.1-1. This figure shows that a tsunami would affect most of the east coast of the North
Island, from the East Cape towards the northern end of the North Island. The sub-regional
model for the Bay of Plenty shows that the maximum tsunami elevation above Mean High
Water Spring (MHWS) along the east coast between the Maketu Estuary and Matakana
Island varies from 1.5m to 3.0 m in height (Figure 6.2.1.-2). No significant inundation occurs
along the Papamoa and Te Tumu coastline, as the sand dunes are high enough to prevent
overtopping by the tsunami (Figure 6.2.1-3).
Table 6.2.1-1

General fault parameters for Southern Kermadec Scenario

Segment
A

Length
300 km

Width
100 km

Slip
5.0 m

Magnitude
Mw 8.5

Figure 6.2.1-1 The maximum tsunami elevation above MHWS from a fault rupture along Southern
Kermadec (Segment A in Power et al. (2011). Scale bar unit is in metres.
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Figure 6.2.1-2 The maximum tsunami elevation above MHWS from the rupture of Segment A for the
coastline between the Maketu Estuary and Matakana Island. Scale bar unit is in metres.

Figure 6.2.1-3 The maximum tsunami elevation above MHWS from a rupture of Segment A for the
Papamoa and Te Tumu coastline. This modelling shows that there is no significant inundation except
to the area around the Maketu Estuary. Scale bar unit is in metres.
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6.2.2

Central Kermadec Scenario

The Central Kermadec Scenario in Power et al. (2011) involves the rupture of Segment B
centrally located within the Kermadec Trench and its fault parameters are identified in Table
6.2.2-1. These fault parameters produce an earthquake with a magnitude of Mw 8.9.
The modelling for this scenario involved the source area being divided into 12 unit sources
(100 km x 50 km). These source units dip angles that varied from 5º to 17º, strike angles that
ranged between 197º to 205º, and at depths between 6 km to 16 km. The slip angle was
uniform at 90º and a slip of 10.0 m was used.
The regional maximum tsunami elevation based on these parameters is shown in Figure
6.2.2-1. This figure shows that a tsunami would affect most of the east coast of the North
Island, from the East Cape towards the northern end of the North Island. The sub-regional
model for the Bay of Plenty shows that the maximum tsunami elevation above MHWS along
the east coast between the Maketu Estuary and Matakana Island varies from 1.5m to 3.0 m
in height (Figure 6.2.2.-2). No significant inundation occurs along the Papamoa and Te
Tumu coastline, as the sand dunes are high enough to prevent overtopping by the tsunami
(Figure 6.2.2-3).
Table 6.2.2-1

General fault parameters for Central Kermadec Scenario
Segment
B

Length
600 km

Width
100 km

Slip
10.0 m

Magnitude
Mw 8.9

Figure 6.2.2-1 The maximum tsunami elevation above MHWS from the rupture of Central Kermadec
(Segment B in Power et al. (2011)). Scale bar unit is in metres.
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Figure 6.2.2-2 The maximum tsunami elevation above MHWS from a rupture along the Central
Kermadec for the coastline between the Maketu Estuary and Matakana Island. Scale bar unit is in
metres.

Figure 6.2.2-3 The maximum tsunami elevation above MHWS from a rupture of Segment B for the
Papamoa and Te Tumu coastlines. This modelling shows that there is no significant inundation
except to the area around the Maketu Estuary. Scale bar unit is in metres.
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6.2.3

Northern Kermadec Scenario

The Northern Kermadec Scenario in Power et al. (2011) involves the rupture of Segment C
located at the northern end of the Kermadec Trench and its fault parameters are identified in
Table 6.2.3-1. These fault parameters produce an earthquake with a magnitude of Mw 8.8.
The modelling for this event scenario involved the source area being divided into 10 unit
sources (100 km x 50 km). These source units had dip angles that varied from 9o to 17o,
strike angles that ranged between 192º to 203º, and at depths between 6km to 20km. The
slip angle was uniform at 90º and a slip of 8m was used.
The regional maximum tsunami elevation based on these parameters is shown in Figure
6.2.3-1. This figure shows that a tsunami would affect most of the east coast of the North
Island from the East Cape towards the northern end of the North Island. The sub-regional
model for the Bay of Plenty shows that the maximum tsunami elevation along the east coast
between the Maketu Estuary and Matakana Island varies from 1.0 m to 2.0 m above MHWS
(Figure 6.2.3.-2). No significant inundation occurs along the Papamoa and Te Tumu
coastlines, as the sand dunes are high enough to prevent overtopping by the tsunami
(Figure 6.2.3-3).
Table 6.2.3-1

General fault parameters for Northern Kermadec Scenario
Segment
C

Length
500 km

Width
100 km

Slip
8.0 m

Magnitude
Mw 8.8

Figure 6.2.3-1 The maximum tsunami elevation above MHWS from the rupture of Northern
Kermadec (Segment C in Power et al. (2011)). A rupture along the Northern Kermadec would direct
most of tsunami energy away from New Zealand. Scale bar unit is in metres.
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Figure 6.2.3-2 The maximum tsunami elevation above MHWS from the rupturing of the Northern
Kermadec for the area between the Maketu Estuary and Matakana Island. Scale bar unit is in metre.

Figure 6.2.3-3 The maximum tsunami elevation above MHWS from a rupture of the Northern
Kermadec for the Papamoa and Te Tumu coastlines. This modelling shows that there is no
significant inundation except to the area around the Maketu Estuary. Scale bar unit is in metres.
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6.2.4

Whole Kermadec Scenario

The Whole Kermadec scenario involves the combined rupture of Segments A, B and C
along the Kermadec Trench in Power et al (2011) with a magnitude of 9.4. The general fault
parameters for this event are identified in Table 6.2.4-1.
The modelling for this scenario involved the source area being divided into 28 unit sources
(100 km x 50 km). These source units had dip angles that varied from 4º to 17º, strike angles
that ranged between 192o to 212o, and at depths between 4km to 20km. The slip angle was
uniform at 90º and a uniform slip of 22m was used.
The regional maximum tsunami elevation based on these parameters is shown in Figure
6.2.4-1. This figure shows that a tsunami would affect most of the east coast of the North
Island from the East Cape towards the northern end of North Island as a result of the rupture
along Segments A and B. The sub-regional model for Bay of Plenty Region shows that the
maximum tsunami elevation varies from 5.0 m to 10.0 m above MHWS along the east coast
(Figure 6.2.4-2). Significant inundation occurs at Papamoa (Figure 6.2.4-3), with tsunami
elevation reaching a maximum height of 10 m above MHWS. In contrast, no significant
inundation occurs between Te Tumu and the Kaituna River Mouth as the 12m high sand
dunes prevent overtopping by the tsunami (which has a maximum elevation of ~ 5.0 m to 8.0
m above MHWS in this area) (Figures 6.2.4-4 and 5).
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Table 6.2.4-1

General fault parameters for the Whole Kermadec Scenario
Segment
A+B+C

Length
1400 km

Width
100 km

Slip
22.0 m

Magnitude
Mw 9.4

Figure 6.2.4-1 The maximum tsunami elevation above MHWS resulting from the Whole Kermadec
scenario with a combined rupture of Segments A, B and C in Power et al. (2011). This modelling
shows that the main source of the tsunami to impact the east coast of New Zealand is from the
rupture of the southern and central Kermadec trench. Scale bar unit is in metres.

Figure 6.2.4-2 The maximum tsunami elevation for the Bay of Plenty from the Maketu Estuary to
Matakana Island varies between 5.0 m 10.0 m above MHWS. Inundation occurs at some places along
the coastline such as Papamoa, Mt Maunganui and Matakana Island. Scale bar unit is in metres.
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Figure 6.2.4-3 The maximum tsunami elevation above MHWS along the Papamoa and Te Tumu
coastlines. No inundation occurs along the Te Tumu coastline as the sand dunes are high enough to
prevent overtopping by the tsunami. Scale bar unit is in metres.

Figure 6.2.4-4 Detailed inundation pattern for the Papamoa coastline nearer to Mt Maunganui. In this
area tsunami overtops the sand dunes and inundates the area behind. Scale bar unit is in metres.
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Figure 6.2.4-5 Detailed inundation pattern along the Papamoa coastline towards Te Tumu. The
tsunami overtops the sand dunes and inundates further inland through gravitational flows. The
inundation follows the local terrain conditions such as the low-lying areas between the sand ridges.
The shaded colour represents the maximum tsunami elevation above MHWS. Scale bar unit is in
metres.

6.3

Numerical modelling of the Kermadec-Hikurangi Scenario

The Kermadec-Hikurangi scenario assumes that a fault rupture extends from Kermadec
Trench to on the northern part of the Hikurangi Margin as identified by Wallace et al. (2009).
The fault ruptures chosen for this study were those that would potentially have severe impact
on the Bay of Plenty Region. This fault rupture scenario includes part of rupture areas of
Segments A and B in Power et al. (2011) from Kermadec Trench and the extension into
northern Hikurangi Margin- Segment H as illustrated in Figure 5.0-2a.
This source model used a uniform dip angle of 16º, a strike angle of 210º, and a uniform
depth of 5km. The slip angle was uniform at 90o and a slip of 20 m was used. The general
fault parameters for this event are identified in Table 6.3-1. The grid spacing of 0.007 arcminutes (~10m) was used in the studied area for the modelling of this scenario.
The regional maximum tsunami elevation based on these parameters is shown in Figure
6.3-1. This figure shows the distribution of the maximum tsunami elevation along the east
coast of the North Island of New Zealand. The sub-regional model (nested grid) result shows
the maximum tsunami elevation varies between 5.0 and 15.0 m above MHWS for the Bay of
Plenty between the Maketu Estuary and Matakana Island.
A significant amount of inundation occurs along the Papamoa coastline as the tsunami
overtops the sand dunes. This inundation continues towards the north western portion of Te
Tumu, which has lower sand dunes than the remainder of the coastline to the south east
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(Figure 6.3-2 to 4). Most of Te Tumu is not inundated by the tsunami as the sand dunes
along this part of the coastline are high enough to prevent overtopping. The inundation
behind the high sand dunes at Te Tumu is due to the tsunami from Papamoa flowing along
an existing creek.
Table 6.3-1

General fault parameters for the Kermadec – Hikurangi Scenario

Segment
A, B and H

Length
530 km

Width
97 km

Slip
20.0 m

Magnitude
Mw 9.1

Figure 6.3-1
The maximum tsunami elevation above MHWS for the rupture of the KermadecHikurangi scenario. This scenario shows most of the tsunami impact to the east coast of New Zealand
originates from the southern and central Kermadec. East Cape is however significantly impacted as a
result of the tsunami generated from the rupture of the northern portion of the Hikurangi Margin. Scale
bar unit is in metres.
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Figure 6.3-2
The maximum tsunami elevation above MHWS within the Bay of Plenty region
between the Maketu Estuary and Matakana Island varies between 5.0 m and 15.0 m above MHWS.
Inundation occurs at several places along the coastline which includes Papamoa, Mt Maunganui and
Matakana Island. The shaded colour represents the maximum tsunami elevation above MHWS. Scale
bar unit is in metres.

Figure 6.3-3
Detail inundation pattern along Papamoa coast near to Mt Maunganui which shows
extensive inundation occurring between Papamoa and Te Tumu. The shaded colour represents the
maximum tsunami elevation above MHWS. Scale bar unit is in metres.
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Figure 6.3-4
The tsunami flow through the creek at the back of sand dunes at Te Tumu. The sand
dunes are high enough to prevent the tsunami inundating this area. The shaded colour represents the
maximum tsunami elevation above MHWS. The colour scale is the same as given in Figure 6.3-3.

6.4

Numerical Modelling of Variations of the Scenarios in Power et al
(2011)

The degree of slip rupture associated with the 2004 Boxing Day event and the recent 11
March 2011 Mw9.0 Tohoku earthquake in Japan has been greater than what was originally
thought would occur on these subduction zones. This suggests that the amount of slip on
other subduction zones may be greater than was previously thought likely based on the
existing understanding of the rheology and kinematics of the subducted plate. As such,
modelling has been undertaken to investigate the resulting tsunami if a slip of 30.0 m is
applied to the Southern, Central and Whole Kermadec Scenarios in Power et al. (2011).
It should be noted that the modelling which increases the slip from an earthquake to 30.0 m
has been provided to show the effect that it has on the generation of a tsunami on the
Kermadec Trench.
6.4.1

Variation of Southern Kermadec Scenario

A variation of the Southern Kermadec Scenario along Segment A in Power et al. (2011) has
also been modelled to take into account the parameters of the recent 11 March 2011 Mw9.0
Tohoku earthquake in Japan, with maximum slip of > 30.0 m and rupture areas ~ 400 km x
200 km. The slip in the Southern Kermadec scenario is increased to 30.0 m while the other
fault parameters are kept the same.
These parameters result in an earthquake with a magnitude of Mw = 9.0. The resulting
modelling identified that a tsunami generated from the southern Kermadec affects most of
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the coastal areas along the east coast of the North Island. The sub-regional modelling
results show the inundation within the Bay of Plenty coastline between the Maketu Estuary
and Matakana Island is greater than the whole Kermadec scenario which has been
previously modelled (Figures 6.4.1-1 to 3). The maximum tsunami elevation along the
coastline ranges from 8.0 m to 15.0 m in height. Significant inundation occurs at Papamoa
and towards Te Tumu. The ~12m high sand dunes between Te Tumu and the Kaituna River
Mouth prevents the tsunami from inundating this part of the coastline. However, most of the
low-lying areas along the Maketu Estuary and Kaituna River plain are inundated by the
tsunami.

Figure 6.4.1-1 The maximum tsunami elevation above MHWS for the rupture of the southern
Kermadec taking into account the Japan Earthquake. This modelling shows a tsunami generated from
the rupture of Segment A mostly affects the east coast of the North Island, New Zealand. Scale bar
unit is in metres.
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Figure 6.4.1-2 The sub-regional model shows that the maximum tsunami elevation between the
Maketu Estuary and Matakana Island ranges from 8.0 m to 15.0 m above MHWS. Significant
inundation occurs along at Papamoa and the north western half of the Te Tumu coastline. The
shaded colour represents the maximum tsunami elevation above MHWS. Scale bar unit is in metres.

Figure 6.4.1-3 Detailed inundation modelling shows the extent of inundation inland along the
Papamoa and Te Tumu coastline. The ~12m high sand dunes along the coastline of Te Tumu
towards the Kaituna River Mouth prevent the tsunami inundating this part of the region. Most of the
low-lying areas along the Maketu Estuary and Kaituna River Plain are inundated by the tsunami. The
shaded colour represents the maximum tsunami elevation above MHWS. Scale bar unit is in metres.
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6.4.2

Variation of Central Kermadec Scenario

A variation of the central Kermadec scenario was also modelled to take into account the
parameters of the recent 11 March 2011 Mw9.0 Tohoku earthquake in Japan. The amount of
slip in the Central Kermadec scenario in Power et al. (2011) is increased to 30 m while the
other fault parameters are kept the same as before.
These parameters resulted in an earthquake with a magnitude of Mw = 9.2. The modelling
identifies that a tsunami generated from this event mostly affects the northern part of the
coastal areas along the east coast of the North Island (Figure 6.4.2-1). The sub-regional
modelling results identifies that the maximum tsunami elevation within the Bay of Plenty
range from 3.0-8.0m above MHWS (Figure 6.4.2-2). Localised inundation occurs at
Papamoa, where the maximum tsunami elevation of 7.0 m occurs (Figure 6.4.2-3). No
inundation occurs for most of the Te Tumu coastline due to the presence of the dune
systems. The low-lying area behind the Maketu Estuary is inundated to a moderate depth by
the tsunami. The tsunami inundation resulting from this event is less than the previous
scenario involving the rupture of the southern Kermadec (i.e., Segment A in Power et al.
(2011)).

Figure 6.4.2-1 The maximum tsunami elevation above MHWS for the rupture of the central
Kermadec. This modelling identifies that a tsunami generated from a rupture of this segment mostly
affects the northern part of the East Coast of the North Island New Zealand. Scale bar unit is in
metres.
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Figure 6.4.2-2 The sub-regional model shows the maximum tsunami elevation for the rupture of the
central Kermadec with a maximum slip of 30 m. Between the Maketu Estuary and Matakana Island,
the maximum tsunami ranges from 3.0m to 8.0 m above MHWS. The shaded colour represents the
maximum tsunami elevation above MHWS. Scale bar unit is in metres.

Figure 6.4.2-3 Detailed inundation modelling identifies localised inundation occurring along the
Papamoa and Te Tumu coastlines. The tsunami from this event scenario is not capable of
overtopping most of the sand dunes at Te Tumu. Localised inundation occurs at the low-lying area
behind the Maketu Estuary. The shaded colour represents the maximum tsunami elevation above
MHWS. Scale bar unit is in metres.
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6.4.3

Variation of Whole Kermadec Scenario

A variation of the whole Kermadec scenario with the combined rupture along Segments A, B
and C in Power et al. (2011) has been modelled to take into account the parameters of the
recent 11 March 2011 Mw9.0 Tohoku earthquake in Japan. In this scenario, the slip on the
southern Kermadec (Segment A) and the central Kermadec (Segment B) was increased to
30 meters while the slip on the northern Kermadec (Segment C) kept unchanged which is
still 22 meters.
These parameters resulted in an earthquake with a magnitude of Mw = 9.45. The modelling
identifies that a tsunami generated from this event affects most of the east coast of the North
Island. The sub-regional modelling results show that the inundation within Bay of Plenty
between the Maketu Estuary and Matakana Island is greater than the previous whole
Kermadec scenario with the combined rupture of Segments A, B and C in Power et al.
(2011). The level of inundation however is similar to the southern Kermadec scenario with a
slip of 30 m as illustrated in Figures 6.4.3.3-1 to 5.
The maximum tsunami elevation along the coastline ranges from 8.0 m to 15.0 m above
MHWS. A large extent of inundation occurs at Papamoa as well as the north western half of
Te Tumu. The ~12m high sand dunes between Te Tumu and the Kaituna River Mouth
prevent the tsunami inundating this part of the coastline. Most of the low-lying areas along
the Maketu Estuary and Kaituna River plain are inundated by the tsunami.

Figure 6.4.3-1 The maximum tsunami elevation above MHWS for the whole Kermadec scenario with
different slip values (Segment A = 30.0 m, Segment B = 30.0 m, Segment C = 22.0 m). The modelling
identifies that a tsunami generated from this event affects most of the east coast of the North Island,
New Zealand. Scale bar unit is in metres.
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Figure 6.4.3-2 The sub-regional model shows the maximum tsunami elevation between the Maketu
Estuary and Matakana Island ranges from 8.0 m to 15.0 m above MHWS. Large scale inundation
occurs along at Papamoa and the north western portion of Te Tumu. The shaded colour represents
the maximum tsunami elevation above MHWS. Scale bar unit is in metres.

Figure 6.4.3-3 Detail inundation modelling identify the extent of inundation inland along the Papamoa
and Te Tumu coastlines The sand dunes between Te Tumu and the Kaituna River Mouth prevents
the tsunami from inundating this part of the coastline. Most of the low-lying areas along the Maketu
Estuary and Kaituna River Plain are inundated by the tsunami. The shaded colour represents the
maximum tsunami elevation above MHWS. Scale bar unit is in metres.
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Figure 6.4.3-4 The inundation extends inland at Papamoa indicating that the tsunami has
overtopped the sand dunes along the beach. The tsunami overland flows propagate further down to
the low-lying areas towards Te Tumu. The shaded colour represents the maximum tsunami elevation
above MHWS. Scale bar unit is in metres.

Figure 6.4.3-5 The inundation extent along the Papamoa – Te Tumu coastline indicates that the
tsunami overtopped the sand dunes along the beach in front of Papamoa and the overland flows
propagate down to the low-lying areas towards Te Tumu as shown by block arrows. The sand dunes
at Te Tumu beach front prevent the tsunami inundating the coastal areas along this part of the
coastline. The shaded colour represents the maximum tsunami elevation above MHWS. The scale
bar unit is in metres.
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6.5

Numerical Modelling of Local Sources from Bay of Plenty Region

The faults described by Lamarche and Barnes (2005) have been used by Walters et al.
(2006a, b) to assess the impact from a tsunami generated locally within the Bay of Plenty
region (Figure 6.5-1). These local faults are as follows:
•

A composite Astrolabe Fault (AST-C1);

•

The Volkner Fault (VOLC-C1); and

•

The White Island Fault (WIF-C1)

Normal faulting in this area rarely exceeds 2m vertical displacement from a single event, but
the larger boundary faults may be capable of greater seabed displacements (Walters et al.
2006a, b). Lamarche and Barnes (2005) indicated that a typical return period for these faults
vary from a few hundred to thousands of years.

Figure 6.5-1
Fault distribution and earthquake source identification offshore of the Bay of Plenty
(Lamarche and Barnes, 2005).

Walter et al (2006a, b) based on Lamarche and Barnes (2005) delineated these three
composite faults as illustrated in Figure 6.5-2. The composite Astrolabe Fault is to the west,
the composite Volkner Fault is in the middle and the White Island Fault is to the east.
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Figure 6.5-2
Fault delineation based on Lamarche and Barnes (2005) for the offshore environment
of the Bay of Plenty (Walters et al. 2006b). These have been used to assess the potential tsunami
impact to the Papamoa – Te Tumu areas.

A numerical modelling of tsunami generation, propagation and inundation at a regional scale
from these local sources towards the study area has been undertaken with COMCOT (Wang
and Power, 2011). The parameters from each of the local sources are derived from
Lamarche and Barnes (2005).
Four levels of grid resolutions were developed to model tsunami impacts from these local
sources. The first level of grids covers both the source region and the studied area with a
grid spacing of 10 arc-seconds (~240m), derived from Gebco08 (30 arc-second resolution).
And the fourth level grids cover the studied area with a resolution of 0.37 arc-seconds
(~10m).
6.5.1

The Composite Astrolabe Fault (AST-C1) Mw = 7.1

The fault parameters used for modelling of a rupture along the composite Astrolabe Fault is
derived from Lamarche and Barnes (2005). This includes an earthquake with a magnitude of
Mw 7.1. The modelling for this event was based on a fault length of 76km, with a dip angle of
50o, a strike angle 17.65o, and at a depth of 12km. The slip angle was uniform at 90o and a
slip of 2.35m was used.
The initial condition of the tsunami is illustrated in Figure 6.5.1-1. The modelling shows that
the maximum tsunami elevations for the Bay of Plenty between the Maketu Estuary and
Matakana Island range from 0.5m to 1.0 m above MHWS (Figure 6.5.1-2). The highest
maximum tsunami elevation of ~ 1.0 m occurs near the entrance of the Maketu Estuary and
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the areas between Papamoa and Te Tumu. No inundation occurs along the Papamoa and
Te Tumu coastline as the dune systems will not be overtopped by this event.

Figure 6.5.1-1 The initial condition of the tsunami elevation above MHWS at the source region. Scale
bar unit is in metres.

Figure 6.5.1-2 The maximum tsunami elevation along the east coast of the Bay of Plenty varies from
0.5 m to 1.0m above MHWS. Scale bar unit is in metres.
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Figure 6.5.1-3 The maximum tsunami elevation along the Papamoa – Te Tumu coastline varies from
0.2m to 0.6m above MHWS. At the end of the Maketu Estuary the inundation may be up to 1.0 m in
height. The shaded colour represents the maximum tsunami elevation above MHWS. Scale bar unit is
in metres.

6.5.2

The Composite Volkner Fault (VOLC-C1) Mw = 6.79

The fault parameters used for modelling of a rupture along the composite Volker Fault are
derived from Lamarche and Barnes (2005). This includes an earthquake with a magnitude of
Mw 6.79. The modelling for this event was based on a fault length of 34.6km, with a dip
angle of 50o, a strike angle 25.49o, and at a depth of 8km. The slip angle was uniform at 90o
and a slip of 1.39m was used.
The initial condition of the tsunami is illustrated in Figure 6.5.2-1. The modelling shows that
the maximum tsunami elevations within the Bay of Plenty between the Maketu Estuary and
Matakana Island range from 0.2m to 0.7m above MHWS (Figure 6.5.2-2 and 3). The highest
maximum tsunami elevation of ~ 0.7m occurs near the entrance of the Maketu Estuary and
the areas between Papamoa and Te Tumu. No inundation occurs at Papamoa and Te
Tumu as the dune systems will not be overtopped by this event.
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Figure 6.5.2-1 The initial condition of the tsunami elevation above MHWS in the source region.
Scale bar unit is in metres.

Figure 6.5.2-2 The maximum tsunami elevation along the Bay of Plenty coastline between the
Maketu Estuary and Matakana Island varies from 0.2 m to 0.7 m above MHWS. The shaded colour
represents the maximum tsunami elevation above MHWS. Scale bar unit is in metres.
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Figure 6.5.2-3 The maximum tsunami elevation along the Papamoa – Te Tumu coastline varies from
0.2m to 0.5m above MHWS. The shaded colour represents the maximum tsunami elevation above
MHWS. Scale bar unit is in metres.

6.5.3

The Composite White Island Fault (WIF-C1) Mw = 7.01

The fault parameters used for modelling of a rupture along the composite White Island Fault
are derived from Lamarche and Barnes (2005). This includes an earthquake with a
magnitude of Mw 7.01. The modelling for this event was based on a fault length of 50.6km,
with a dip angle of 50o, a strike angle 36.76.o, and at a depth of 8km. The slip angle was
uniform at 90o and a slip of 2.03m was used.
The initial condition of the tsunami is illustrated in Figure 6.5.3-1. The modelling shows that
the maximum tsunami elevations within the Bay of Plenty between Maketu Estuary and
Matakana Island range from 0.3m to 0.7m above MHWS (Figures 6.5.3-2 and -3). The
maximum tsunami elevation of ~ 0.7m occurs near the entrance of the Maketu Estuary
between Papamoa and Te Tumu. No inundation occurs at Papamoa and Te Tumu as the
dune systems will not be overtopped by this event.
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Figure 6.5.3-1 The initial condition of the tsunami elevation above MHWS in the source region. Scale
bar unit is in metres.

Figure 6.5.3-2 The maximum tsunami elevation along the Bay of Plenty coastline between the
Maketu Estuary and Matakana Island varies from 0.3m to 0.7m above MHWS. The shaded colour
represents the maximum tsunami elevation above MHWS. Scale bar unit is in metres.
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Figure 6.5.3-2 The maximum tsunami elevation along the Papamoa and Te Tumu coastlines varies
from 0.3m to 0.5m in height. The shaded colour represents the maximum tsunami elevation above
MHWS. Scale bar unit is in metres.

7.0

CONCLUSIONS

1. We present an overview of the previous and recent tsunami hazard research relevant to
the Bay of Plenty region through:
•

assessing all relevant publications related to tsunami hazard assessment for Bay of
Plenty region;

•

clustering tsunami source definitions for the region from the Kermadec subduction
zone; and

•

applying numerical modelling approaches to tsunami generation, propagation and
inundation based on scenario developed, and incorporating high-resolution LIDAR
data into the model grids of the study areas.

This work provides consistent results demonstrating that the Bay of Plenty region is
highly susceptible to tsunami generated on the Kermadec Trench.
2. The numerical modelling assessments results are as follows:
•

In the scenarios of Southern Kermadec (i.e., Segment A in Power et al. (2011), slip =
5.0m, Mw8.5), Central Kermadec (i.e., Segment B in Power et al. (2011), slip =
10.0m, Mw8.9) and Northern Kermadec (i.e., Segment C in Power et al. (2011), slip
= 8.0m, Mw8.8), inundation modelling for study areas in Papamoa and Te Tumu
using high resolution LIDAR data identified that no notable inundation would occur
due to the presence of the existing dune systems.
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•

•

In a Whole Kermadec scenario that assumes continuous rupture across the whole
Kermadec Trench (i.e., a combined rupture of Segments A, B and C in Power et al.
(2011), slip = 22.0m, Mw = 9.4), inundation occurs within the study areas and the
most significant inundation is identified at Papamoa, where the dune systems are low
and more degraded than at Te Tumu.

•

Three variations of the Kermadec scenarios in Power et al. (2011) were modelled by
applying a slip of 30.0 m such as occurred within the 11 March 2011 Tohoku Mw9.0
earthquake in Japan:
o

Variation of the Southern Kermadec scenario (slip = 30.0m, Mw = 9.0): leading to
an extensive inundation in the study areas;

o

Variation of the Central Kermadec scenario (slip = 30.0m, Mw = 9.2): leading to a
localised inundation at Papamoa;

o

Variation of the Whole Kermadec Scenario (slip = 30.0m on Segments A and B,
slip = 22.0m on Segment C, Mw9.45): leading to an extensive inundation in the
study areas, similar to the Mw9.0 Southern Kermadec scenario.

•

These results also suggest that the greatest threat to the Bay of Plenty region comes
from any earthquake sources greater than Mw 8.5 from the Southern Segment
(Segment A)A Kermadec-Hikurangi scenario is also developed which provides an
impact similar to the variation of the Southern Kermadec scenario (Mw9.0) and the
Whole Kermadec scenarios (Mw9.4) and its variation (Mw9.45). This scenario
involves the fault rupture extended from the Kermadec Trench, including part of
Segments A and B in Power et al. (2011), to the northern portion of the Hikurangi
Margin (Mw = 9.1 uniform dip = 16o and slip= 20.0 m).

•

The model results show that the sand dunes provide an effective and important
barrier to a tsunami. The preservation or conservation of these sand dunes along the
beach front is critical, and any activities that deteriorate the dune systems should be
avoided. If the dune systems are degraded due to storm waves or other extreme
events, actions need to be carried out to re-condition the sand dune systems back to
their original state in order to provide their natural protective function (Prasetya,
2007).

•

The numerical modelling of local sources within the Bay of Plenty shows the land
threat of tsunami from these source scenarios is minimal to the Bay of Plenty Region.
These faults have typical return periods which vary from a few hundred to thousands
of years (Lamarche and Barnes, 2005).

LIMITATIONS OF THE CURRENT WORK
No erosion or sedimentation has been considered or taken into account during the
modelling processes. Therefore, no morphology changes to beaches and sand dunes
which may occur due to the strong currents and wave breaking have been incorporated
into this model.
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•

The modelling in this report was undertaken on the assumption that tsunami inundation
takes place over a smooth (frictionless) landscape. In practise buildings and vegetation
will impede the flow of water, limiting its penetration inland but potentially increasing the
depth near the coast. As such the results will tend towards overestimating the area of
inundation, while near-shore flow-depths may in some cases be underestimated. The
flow of water around buildings and trees is very difficult to model on a large scale, and it
can produce highly localized effects.

•

Most of the scenarios used in this report assume earthquake rupture with limited
variable slip. However, in real events, the slip varies on a variety of spatial scales. The
pattern of slip distribution may strongly affect the resulting tsunami in near-field (close to
the source) more than far from the source (Geist, 1998). The uniform slip distribution
used here may represent an approximation of the average event rather than the real
earthquakes of the same magnitude which may have larger slip in some areas and
lesser slips in others.

•

The scenarios used in this work represent examples from a wide range of possible
events. As such it is appropriate to draw general conclusions based on common
features of the inundation in these scenarios, but it should not be anticipated that future
tsunamis should correspond directly to any one scenario.

•

There is much uncertainty regarding the maximum size of earthquake that the
Kermadec Trench could experience. The scenarios presented here cannot currently be
ruled out, but several of them are believed to lie towards the more severe end of this
uncertain range.
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