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ABSTRACT: This article summarises work that has been undertaken to compile the 

New Zealand Strong Motion Database, which is expected to be a significant source of 

information for researchers and practitioners alike. The database contains 272 

earthquakes recorded in New Zealand between 1968 and 2015, with moment magnitude 

ranging from 3.5 to 7.8. A total of 130 of these events (47%) have been classified as 

occurring in the overlying crust, with 33 events (12%) located on the Fiordland 

subduction interface and 7 on the Hikurangi subduction interface (3%). 8 events (3%) are 

deemed to have occurred within the subducted slab of the Australian Plate at the 

Fiordland interface, and 94 events (35%) within the subducted slab of the Pacific Plate at 

the Hikurangi margin. There are a total of 3,980 ground-motion recordings associated 

with these earthquakes. Comparisons of published ground motion models against the 

New Zealand database reveal that global models, in general, perform better with respect 

to New Zealand data than the New Zealand specific equations. 

1 INTRODUCTION 

The intention of the New Zealand Strong Motion Database project is to provide ground motion 

analysts and earthquake engineers with high quality information on recorded earthquakes around New 

Zealand. Three separate datasets form the overall database, one dataset of source and path information, 

one dataset of strong motion accelerograms and response spectra, and one dataset of recording site 

properties. This paper addresses the first two, and additionally shows some preliminary comparisons 

of ground motion prediction equations (GMPEs) with respect to the New Zealand dataset. The 

database will be used for strong-motion modelling and as a resource of high-quality accelerograms for 

use in engineering analyses. 

2 SOURCE INFORMATION 

2.1 Selection criteria 

The selection of events to include in the database required some decisions on data quality. Strong 

motion database development is a trade-off between quality and quantity, and this study preferred to 

only include high quality data. One key criterion was that for an event to be considered, it must have a 

moment magnitude, Mw, which is derived from the seismic moment, rather than inferred from 

correlations with other magnitude measures. In general, events were also required to have a minimum 

of three usable recordings, but this criterion was occasionally relaxed for older events the database. 

Older events tend to be poorly recorded, but they were included in the database if they were 

considered to be important datasets. Given these criteria, this database is not intended to be a complete 

representation of all large events that have occurred in New Zealand, and is only a selection of well-

recorded events that are suitable for ground-motion modelling. 

2.2 Summary of events 

There are 272 events in the database that occurred between 1968 and 2015, with magnitudes ranging 
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from 3.5 to 7.8. A histogram of the events is shown in Figure 1. 

Each event in the database has a published moment tensor solution. The moment tensor solutions are 

obtained from the GCMT catalogue (Dziewonski et al., 1981) and the GeoNet RMT catalogue (Ristau, 

2008). In general, these catalogues agree well with each other. In the case of multiple solutions, the 

preferred solution has been indicated in the database source table. For the 272 events in the catalogue, 

75 of the events have strike-slip mechanisms, 65 are reverse, 27 are oblique, 48 are normal, while for 

57 events, the mechanism could not be determined from the moment tensor. This is illustrated in 

Figure 2. However, while the mechanism can be determined for almost 80% of the events, a preferred 

orientation of the actual fault plane has been indicated for only 93 of the 270 events, 32% of the 

events. 

Using high-quality earthquake source locations improves the performance of subsequently-developed 

ground motion models, particularly for short-period response spectra. As such, some effort was made 

to obtain the best quality locations. Earthquake locations in New Zealand tend to be poorly 

constrained, particularly for older events in the database. The hypocentral locations for the 272 events 

in the database have been determined using a number of methods. In most cases, more than one 

solution is available for each event, and all alternative solutions have been included in the source table. 

There are three existing catalogues from which earthquake locations are determined: special studies, 

the standard GeoNet catalogue (GeoNet, 2015), a relocated New Zealand catalogue between 2001 and 

2012 (Reyners et al., 2011), and the International Seismological Centre (ISC) catalogue (ISC, 2013). 

Additionally, all events in the database were relocated as part of this study, using a probabilistic, 

nonlinear source location algorithm called NonLinLoc (Lomax et al., 2000). The preferred location 

was then selected from all of the alternative solutions. While it is difficult to ascertain the most likely 

location of an event, the locations from the special studies were preferred over other methods, 

generally followed by the 3D relocations derived using the simulPS algorithm (Thurber and Eberhart-

Phillips, 1999). In general, locations of nearly all offshore earthquakes are poorly constrained, as are 

locations for events occurring before the development of the GeoNet network in 2001. Figure 3 shows 

how preferred locations were selected. 

 

Figure 1 – Histogram of magnitudes for events in the New Zealand Strong Motion Database 

 

Figure 2 – Summary of focal mechanisms in the New Zealand Strong Motion Database 
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Figure 3 – Plots used to determine preferred earthquake location and subsequent tectonic classification in 

the North Island, with the 1993 Tikokino earthquake as an example. In this instance, the BWM solution 

was selected as the preferred location, and the event was considered as likely to have occurred on the 

subduction interface.  

 

 

Figure 4 – Magnitude-distance distribution of data in the New Zealand Strong Motion Database. 

 

A database of finite fault models has also been compiled. Twelve earthquakes have co-seismic slip 

distributions, determined either by inverting seismic waveform or geodetic data, or both. For the cases 

where more than one model of the slip distribution was available, the merits of alternative models 

were discussed in detail before selecting a preferred model. 

Finite fault distances such as the rupture distance (Rrup), Joyner-Boore distance (Rjb) and depth to the 

top of the rupture plane (ZTOR) are provided. Where no finite fault models exist, an approximate fault 

plane is estimated from magnitude-scaling relationships, before the finite fault distances are 

calculated. The final magnitude-distance distribution of the database is shown in Figure 4. 
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3 ACCELEROGRAM DATA 

In addition to calculating metadata related to the source and wave-propagation path, a database of 

uniformly-processed recordings is necessary. In this study, strong-motion recordings from the GeoNet 

catalogue have been visually examined to remove low-quality recordings, and individually processed 

to remove any noise that is contaminating the signals. This analysis results in a high-quality database 

of 3,980 New Zealand strong-motion recordings. The processing of the records for the New Zealand 

Strong-Motion Database differs from standard GeoNet processing (Hodder, 1983). The flowchart in 

Figure 5 summarises the differences between the two methods. Tests show that the new processing 

procedure yields slightly different results than independently-processed data from the NGA-West 2 

project (Ancheta et al., 2014) (Figure 6), although in general most records are very similar. 

 

Figure 5 – (Left) Summary of the standard GeoNet processing procedure (Hodder, 1983), and (right) 

summary of the New Zealand strong-motion database procedure. 
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Figure 6 – 5%-damped spectral acceleration ratio (New Zealand processing divided by the PEER NGA-

West2 database processing) against oscillator frequency for 111 recordings from the Darfield and 

Christchurch earthquakes. 

 

Figure 7 – (a, Left) Total number of available horizontal spectral acceleration values at each oscillator 

frequency for horizontal response spectra (dark lines), as well as for a subset of the database where there 

are minimum of three records per event, and a minimum of three records per station (light lines). (b, 

right) same as left, but for the number of usable Fourier amplitudes against frequency for horizontal 

spectra. 

In general, there are few records with good quality data at oscillator frequencies as low as 0.1 Hz 

(period of 10 s). This is due to recordings being contaminated by long period noise. Figure 7 illustrates 

the number of usable response spectral and Fourier amplitude spectral ordinates against frequency. 

The database provides RotD50 (Boore, 2010), RotD100 pseudo-acceleration response spectra at 22 

periods, for 11 damping values. 5%-damped vertical response spectra are also provided, along with 

smoothed horizontal and vertical Fourier amplitude spectra. While there are 3,980 recordings in the 

strong-motion database, not all of these records are suitable for time-domain analysis in structures. As 

such, a list of 606 recordings that are suitable as candidate accelerograms for structural analysis are 

also provided. 

4 DATABASE AVAILABILITY 

All parts of the database will soon be publicly available online. Additionally, three companion papers 

will soon appear in the NZSEE Bulletin, which fully document the database. 
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5 PERFORMANCE OF GROUND MOTION MODELS AGAINST NEW ZEALAND DATA 

This section of the paper gives an example of how the strong motion database may be used, by 

assessing how national and global ground-motion models (also known as attenuation relationships or 

ground motion prediction equations) perform against New Zealand data. 

There are an ever-increasing number of site-specific PSHA studies being undertaken in New Zealand, 

but very little guidance on appropriate ground-motion models that can be used in a New Zealand 

context. There is a widely held belief that only New Zealand specific ground-motion models can be 

applied in local PSHA studies, despite the availability of numerous published models that are deemed 

suitable for global application.  

Previous seismic hazard studies in New Zealand have avoided using global models, presumably 

because it was unclear how these models perform with respect to recorded data in New Zealand. 

Instead, hazard analysts have preferred to use New Zealand specific ground motion models, in case 

New Zealand earthquakes are in some way systematically different from other recorded international 

earthquakes. The consequence of this practice is that only a very small number of models are available 

for application. As a result, most seismic hazard assessments within New Zealand, even today, are 

undertaken using a single ground-motion model. The pitfalls of the single-model approach have been 

known for more than 30 years (Kulkarni et al., 1984). 

Six ground-motion models for crustal earthquakes, and four models for subduction zone earthquakes, 

have been compared against the New Zealand database. Only crustal models are addressed here. The 

subset of the database used for this comparison is shown in Figure 8, and includes events from the 

Christchurch and Cook Strait sequences, as well as older events such as the 1968 Inangahua and 1994 

Arthur’s Pass earthquakes. 

The two considered New Zealand models are McVerry et al. (2006) and Bradley (2013). Four global 

models are also considered, the Abrahamson et al. (2014), Boore et al. (2014), Campbell and 

Bozorgnia (2014) and Chiou and Youngs (2014) models. These four models are widely considered the 

best ground motion models currently available. 

As an example, the model residuals are analysed with respect to the model predictors, moment 

magnitude (Mw) and rupture distance (Rrup). With respect to Mw, the McVerry et al. (2006) model 

performs very well for magnitudes greater than 6, but significantly overpredicts the smaller magnitude 

data by around 80%. Conversely, the Bradley (2013) and Abrahamson et al. (2014) models provide 

reasonable fits for the smaller magnitudes, but underpredict the large magnitude data by around 20%. 

The Boore et al. (2014) and Campbell  and Bozorgnia (2014) models have similar behaviour to the 

McVerry et al. (2006) model, but the overprediction at magnitudes 5 to 6 is not as pronounced. The 

model with the smallest bias with respect to magnitude is the Chiou and Youngs (2014) model, which 

fits the data very well. 

All models have little bias in the within-event residuals with respect to the rupture distance, Rrup, 

although there is a hint of underprediction at short distances. This effect is most pronounced for the 

McVerry et al. (2006) model, with underpredictions of around a factor of two. 

6 CONCLUSION 

The New Zealand Strong Motion Database is expected to be a significant resource for earthquake 

engineering academics and practitioners alike. The previous New Zealand strong-motion database 

(Zhao et al., 1997) contained 51 earthquakes, while this new database has increased this number to 

272 earthquakes. An additional improvement comes from the number of strong-motion recordings. 

The McVerry et al. (2006) ground motion model, which currently underpins the National Seismic 

Hazard Model (Stirling et al., 2012), had only 224 records available for the model development, while 

this database increases the number of records to 3,980. In the future, our intention is to further update 

the database with additional events and recordings as the relevant data become available, as well as 

adding new variables where possible. 
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Figure 8 –Subset of database used for model comparison. 

 

Figure 9 – PGA residuals for six crustal models against New Zealand data. 
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