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ABSTRACT: As part of the “It‟s Our Fault” project, we are working on estimating 

ground motions from large plate boundary earthquakes at specified locations in the 

Wellington region in terms of response spectra and acceleration time histories. These 

motions may provide synthetic strong-ground time histories for a future major 

earthquake. For engineering applications in NZ, considering the high frequency content 

of a synthetic accelerogram is a vital part of any dynamic loading analysis.  To do this we 

need to produce broadband accelerograms for which we use an empirical Green‟s 

function technique that was developed by overseas researchers.  First we characterize the 

fault parameters using waveform inversion. Then, we define a suitable set of source 

parameters, such as the area of fault plane, moment magnitude, slip distribution (fault 

heterogeneity) within the fault plane and the propagation pattern of the rupture.  With 

these parameters, we can generate synthetic accelerograms that contain the signature of 

all parameters for the specific fault.  The method can also be used for a future earthquake 

using fault model parameters derived from empirical scaling functions.  The synthetic 

records will not only contain the required response spectra but also appropriate duration 

of strong ground shaking specifically for a given fault. We will present preliminary 

results from our initial trial using the strong motion dataset from the 2003 Fiordland 

earthquake.  The work presented here may have far-reaching effect for selecting 

accelerograms for a particular site. 

1 INTRODUCTION 

 „It‟s Our Fault” aims to position Wellington as a more resilient city through a comprehensive study of 

the likelihood of large Wellington earthquakes, the sizes and effects of these earthquakes, and their 

impacts on humans and the built environment. “It‟s Our Fault” is jointly funded by EQC, ACC & 

Wellington City Council, and comprises four main phases - Likelihood, Size, Effects and Impacts 

(Van Dissen et al., 2009). The programme is currently in its third year of funding, and will be 

implemented over a seven year period. This study presented in this paper is part of the effects phase of 

the project.  

The earthquake displacement demand on a structure is commonly derived from empirical models 

(McVerry et al., 2006), through either a probabilistic seismic hazard study or a deterministic method.  

Structural designers then use strong-motion records from a world-wide database with appropriate 

magnitude and distance combination and suitable site conditions which are scaled to match a design 

spectrum. Very often, it is not possible to select a record with all desired characteristics.  Recent 

development in numerical simulation provides an alternative approach that can account for detailed 

fault rupture processes (leading to forward and backward directivity effect) or complex propagation 

paths and the location of a site of interest relative do a fault that affect the strong ground motions 

significantly. We chose to model ground motions for the Wellington region using a more deterministic 

and complete approach, as suggested by the recent work of Irikura and Miyake, 2006. 

To compute broadband strong ground motions, we used an empirical Green‟s function approach 

developed by Irikura, 1986. The synthetic seismograms are computed by summation of each 

individual small event on the fault plane, following scaling relationships between the main shock and 
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the small events. Following Irikura‟s strong motion recipe, the source is characterized by three types 

of parameters. Firstly, the outer parameters characterize the overall rupture, such as the seismic 

moment, and the size and geometry of the fault plane. Secondly, the inner source parameters are 

related to heterogeneities on the fault plane. Finally, the extra source parameters characterize the 

kinematic aspects of the rupture like nucleation and termination location and time. 

We present our preliminary results for a well-recorded dataset from the Mw 7.2 Fiordland 2003 

earthquake and compare synthetic and observed seismograms. 

2 MODELLING BROADBAND GROUND MOTION FOR MW 7.2 FIORDLAND 2003 

To model ground motion we are following the recipe developed by Irikura at al. (2004) and applying 

using the empirical green‟s function (EGF) technique. 

2.1 Characterizing the source 

2.1.1 Outer parameters 

We are looking for the geometry of the fault plane, its dimensions and seismic moment. There are 

three possible geometries for the fault plane. Two are suggested by the focal mechanism solution, 

steeply dipping north-westward (crustal event) and slowly dipping south-easterly (subduction interface 

event).  The third configuration is composed of two joint fault planes, dipping south-easterly, but with 

different dip angles as suggested by (Robinson, personal com. 2007). In order to distinguish between 

those three configurations, we proceeded to a kinematic source inversion of the event. The inversion 

consists of comparing recorded and synthetic ground motions for various rupture scenarios. The 

algorithm used to randomly generate scenarios is the Neighbourhood algorithm by Sambridge (1999). 

The synthetic seismograms are computed using the AXITRA code developed by Coutant (1989). We 

inverted for all 3 components of velocity waveforms for 6 GeoNet stations. The data are filtered 

between 0.01 and 0.2 Hz (Figure 1). We ran the inversions for the three proposed fault plane 

configurations. Even though the stations are between 50 and 200 km away from the source, The 

amplitudes of the synthetic velocity time histories generally match those of the recorded seismograms 

very well with the synthetic peak values being only slightly larger than the recorded ones for most 

stations.  The phase of the synthetic seismograms around peak velocities matches that of the recorded 

ones very well at all stations. The preferred source solution is composed of a single rupture patch, with 

the rupture initiating at the top of the fault plane at a velocity of 2.1 km/s. Preliminary results are in 

favour of a westward dipping plane used in the present study. 

 

Figure 1: Slip distribution (m) obtained by kinematic inversion for the Mw 7.2 2003 earthquake; in blue 

and red, observed and synthetic seismograms bandpass filtered between 0.01 and 0.1 Hz for 6 

GeoNet stations; stations in bold are sites where broadband motion will be modelled; black 

stars are epicentres for the Mw 6.7 2007 event and for the selected aftershock. 
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The Mw 7.2 event has a seismic moment of 5.16x10
26

dyne.cm. Following the scaling relationship 

described in Irikura et al. (2004) the overall rupture area is 273 km
2
. 

2.1.2 Inner parameters 

Inner parameters represent the combined asperity area on the overall fault plane, as well as their 

respective related stress drop. To estimate the combined asperity area, an empirical relationship 

(Somerville et al., 1999) suggests that 22% of the overall fault plane is composed of asperities for 

subduction earthquakes. Another approach is to use the relationship between the seismic moment and 

the acceleration source spectral level from Irikura et al., 2004. The first and second approaches give 

respectively a combined surface of asperities of 60 and 37 km
2
.  

2.1.3 Extra parameters 

Nucleation and termination of the rupture represent the extra parameters. They can be determined by a 

detailed source kinematic inversion study or can be tested by trial and error.  

2.2 Green’s functions 

Green‟s functions contain the effect of seismic wave travel path from the source to a site of interest. In 

order to sample as many frequencies as possible, they need to be of two units of magnitude smaller 

than that of the main event. To fully characterize the source-receiver path for all stations, we need to 

identify an event with a location close to the main event, similar mechanism and about two orders of 

magnitude smaller. In order to avoid any strong directivity effect, we also need that event to be 

recorded at 4 sites at least, well-distributed around the source (Miyake et al., 2003).  

The ideal candidate is an Mw 5.5 aftershock located in the vicinity of the main shock and recorded at 

four sites: MANS, TAFS, QTPS and MSZ (Figure 1). A combined source spectral analysis of both 

events suggested a corner frequency for the main shock and aftershock respectively of 0.5 Hz and 1.3 

Hz. Using these values as well as seismic moment values, the relationship from Irikura et al. (2004) 

gives a scaling parameter N equal to 2-3 and a high stress drop ratio of 9. The source spectral analysis 

also reveals a very high stress drop for the main shock.  

2.3 Results 

We started by a simple trial and error approach to search for the best parameters. We present the 

synthetic seismograms for one station (MANS) and one component only.  

We obtained satisfying results for a source model of 30x10 km
2
 (Figures 2-3). The high magnitude 

versus relatively small rupture surface suggests a high stress-drop event, as inferred by the kinematic 

inversion and the source spectral analysis. Unlike preliminary results from the kinematic source study, 

we obtained best fits for a rupture starting down dip of the fault plane, with a rupture velocity of 2.8 

km/s (Figure 2).  The discrepancy needs to be solved in our further study. 

The results of Figure 2 show reasonably good match for the first 20 seconds between the recorded and 

the synthetic acceleration time histories. The amplitudes of the recorded and the synthetic acceleration 

time histories are in the similar order for a simulation derived from the rupture model using a single 

component. The spurious peak observed at 20 seconds occurs well after the termination of the rupture.  

It is therefore likely to be of numerical origin but will be investigated. The amplitudes of the synthetic 

velocities and displacements are larger than those of the observed ones, a possible result of an 

inappropriate scaling factor N.  The scaling factor N was estimated from the source analysis of only a 

single component of one record, and we expect a significant improvement when more records are 

used. The Fourier acceleration spectra in Figure 3 present reasonably good match, given the large 

uncertainties in many of the selected parameters.  We plan to implement a fully automatic procedure 

using a non-linear inversion algorithm using all components and all available records and a misfit 

function that include the fit of the envelopes of not only time histories but also spectra. 
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Figure 2: Accelerations, velocities and displacements filtered from 0.4 to 10 Hz at station MANS for the 

observed strong motion (top row), the synthetic strong motion (middle row) and the element 

earthquake (bottom row). 

 

Figure 3: Displacement, velocity and acceleration spectra at station MANS for the observed strong 

motion (top row) and the synthetic strong motion (bottom row).   
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3 PREPARATION WORK FOR FUTURE APPLICATION: SIMULATION OF A LARGE 

SUBDUCTION EVENT FOR THE WELLINGTON REGION 

3.1 Objectives 

The objective of modelling broadband ground motion for a subduction event in the Wellington region 

is to obtain seismic hazard maps and parameters of interest for the engineering community in order to 

make Wellington Region a more resilient place. Practically we will need to compute broadband time 

histories for a dense grid of sites on the ground surface using a wide range of rupture scenarios. A 

good example of the application of the method is the very detailed synthetic peak ground velocity map 

computed by the Japanese Earthquake Research Committee in 2004 (Irikura and Miyake, 2006) for the 

Mw 8.3, 2003 Tokachi-Oki subduction earthquake in Japan (Figure 4).  

First, we need to define the potential rupture area of a subduction interface event in the Wellington 

region. The location of a potential rupture is strongly related to the strength of coupling between the 

two plate interfaces (Wallace et al., 2004). Areas of strong slip deficit, as shown in Figure 5, are likely 

locations for a major rupture occurring on the interface. Following Irikura et al. (2004) recipe on 

predicting strong ground motion, we will be able to estimate important modelling parameters such as 

seismic moment, combined area of asperities, and scaling parameters. 

Unfortunately, so far no small event has been identified as a good potential Green‟s function for our 

modelling. In this case we can compute synthetic hybrid Green‟s functions as described by Kamae et 

al. (1998). 

We are also working on preparation for broadband simulation to estimate strong ground motion from a 

future earthquake on the Wellington fault.  We are confident of being able to provide accelerograms 

that will account for many special features of the Wellington fault, such as directivity and duration of 

the strong ground shaking.  

 

 

Figure 4: Synthetic peak ground velocity values computed at a dense grid of receivers for the 2003 Mw 8 

Tokachi-Oki earthquake (after Earthquake Research Committee, 2004) 
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Figure 5 Slip rate deficit on the subduction interface as derived from inversion of GPS data (Wallace et 

al. 2008). Red areas show locations on the interface that are currently locked and have 

accumulated significant high strain (i.e. having a high slip rate deficit) that will be released, 

presumably, in future earthquakes. Grey lines depict model block boundaries which have been 

defined to coincide, in the main, with major geological structures (after Wallace at al. 2008) 

4 CONCLUSIONS  

We present preliminary results for the broadband modelling, using a well designed simulation 

approach, empirical Green‟s function method.  We apply this method to a well recorded subduction-

zone event, the Mw 7.2 2003 Fiordland earthquake.  First we performed kinematic source inversion of 

the event using the recorded ground motions to derive a set of source parameters that are specific for 

this event, such as the size and geometry of the fault plane and stress drop (Francois-Holden 2009).  

We used an aftershock record at a specific site as a Green‟s function.  The method accounts for some 

of the source effects, and effects of complex path and site conditions. The preliminary results show 

that the simulated Fourier spectra of the mainshock accelerograms match the recorded ones reasonably 

well though the estimated time histories do not match as well, but the amplitudes of the time histories 

are in the similar order.  The poor match for the simulated time histories is relatively a possible result 

of using one component of a single record in the inversion analysis.  We expect a significant 

improvement when more records are used in the source parameter inversion analyses to achieve a set 

of more precise source parameters such as the geometry of the fault plane. 

The results are very encouraging and we are confident that broadband simulation can provide useful 

accelerograms for engineering applications.  The simulated accelerograms will contain the specific 

fault features for a given earthquake source, such as the large subduction interface earthquake off the 

Wellington coast and the Wellington fault. 
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