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with line-width proportional to the long-term average slip rate of the faults. Blue 
dots show chosen sites for hazard spectra evaluation in central Wellington 
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Figure 2  The first 50 years of expected aftershocks from a Wellington Fault main shock of 
M7.3 spread out over the NSHM 840 year return period of the Wellington Fault 
main shock earthquake (i.e., the annualised average rate of aftershocks of a 
scenario Wellington Fault earthquake of M7.3). The rates are calculated at M5.0 
and are relative to a Reference rate (RTR) in which 1 earthquake per year 
exceeding magnitude m is expected in an area of 10m km2.  The maximum rate 
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Figure 3  The first 50 years of expected aftershocks from a Wellington Fault main shock of 
M7.5 spread out over the NSHM 840 year return period of the Wellington Fault 
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Figure 4  The first 50 years of expected aftershocks from a Wellington Fault main shock of 
M7.7 spread out over the NSHM 840 year return period of the Wellington Fault 
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EXECUTIVE SUMMARY 

The current (2010) New Zealand National Seismic Hazard Model (NSHM) explicitly excludes 
aftershocks from the hazard estimations, as is generally the case for standard probabilistic 
seismic hazard (PSH) models. This progress report describes preliminary investigations in 
the first year of a two-year It’s Our Fault task aimed at assessing whether there are any 
potential deficiencies in the currently-used probabilistic Wellington earthquake design spectra 
due to the exclusion of aftershocks.  

The Short-Term Earthquake Probability (STEP) model was used to estimate aftershock 
occurrence rates following scenario main shocks of Magnitude 7.3, 7.5 and 7.7 rupturing the 
Wellington-Hutt Valley segment of the Wellington Fault. The McVerry et al. Ground Motion 
Prediction Equations (GMPEs) were then used to calculate the expected ground motions 
from major fault ruptures and annualised Wellington Fault aftershock rates at shallow soil 
(subsoil class C) sites in central Wellington and Porirua for each scenario main shock. No 
magnitude weighting was applied. The resulting scenario hazard spectra for return periods 
ranging from 150 years to 2500 years were compared to the equivalent standard spectra 
predicted by the NSHM (from major fault ruptures and distributed point sources) to quantify 
the magnitude of differences in hazard. 

The scenario hazard spectra were found to be higher for all spectral periods than the NSHM 
hazard spectra, but more so for short period motions (0 – 0.2 sec) than for long period 
motions (0.3 – 3 sec), and more so at the central Wellington site than the Porirua site. The 
latter observation is due to the Porirua site being further from the Wellington Fault than the 
Wellington site. The results suggest that not allowing for aftershocks may potentially result in 
underestimation of the earthquake hazard in Wellington (and possibly elsewhere in 
New Zealand too). 

Further work, to be carried out in the second year of the task, is needed to check the 
robustness of the results. The sensitivity to assumptions of the aftershock modelling, 
including the maximum magnitude for aftershocks, the Gutenberg-Richter b-value and the 
modified Omori p-value needs to be examined. The effect of practices adopted in the 
application of the GMPEs also needs to be examined, including whether extreme outlying 
values from the error distribution of the GMPEs contribute to the high scenario hazard 
spectra. The impact that magnitude weighting would have on the results needs to be 
examined to determine if the results here are significant for engineering applications. The 
differences between the scenarios spectra and NSHM spectra are expected to be reduced 
by magnitude weighting. 

The analysis of Wellington Fault aftershocks serves as an initial sensitivity test of the impact 
of aftershocks on seismic hazard estimates. In the second year of the task the approach 
adopted here for the Wellington Fault will be extended to other known active faults of the 
Wellington region, to provide a more complete understanding of the overall contribution of 
aftershocks to seismic hazard in the Wellington region. 
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1.0 INTRODUCTION 

A new Task of the It’s Our Fault Project in the 2011-12 Financial Year was aimed at 
addressing the potential impact of aftershocks and varying levels of moderate-size seismicity 
on seismic hazard estimation in Wellington. The recent Canterbury earthquakes have 
demonstrated what crippling effects earthquake aftershocks can have on a region, yet it is 
noteworthy to point out that the current New Zealand National Seismic Hazard Model 
(NSHM) explicitly excludes aftershocks from the hazard estimations (Stirling et al., in press). 
This has long been the standard approach for aftershock treatment in probabilistic seismic 
hazard modelling (PSHA), both here and overseas (Cornell, 1968). Recently the problem of 
introducing aftershock ground-motions into seismic hazard estimation has been considered, 
but from a perspective of assessing post-earthquake time-varying hazard rather than the 
contribution of aftershocks to the long-term hazard (Yeo and Cornell, 2009). 

The primary motivation for this Task is to assess whether there are any potential deficiencies 
in the currently-used probabilistic Wellington earthquake design spectra due to the absence 
of aftershock activity from the hazard estimations. Also, because there is currently no 
accepted way to include aftershocks into such modelling prior to the occurrence of a main 
shock, various methods for doing so need to be investigated. Incorporation of aftershock 
hazard into the Canterbury earthquake hazard estimates has resulted in large increases in 
hazard relative to the earlier hazard levels, so it is important to determine if consideration of 
aftershock hazard in the Wellington region would also result in higher hazard estimates than 
those presently calculated. 

In the first year of this Task, the Short-Term Earthquake Probability (STEP) model 
(Gerstenberger, 2003; Gerstenberger et al., 2005) was used to estimate aftershock 
occurrence rates following scenario main shocks rupturing the Wellington-Hutt Valley 
segment of the Wellington Fault, and the expected ground motions were calculated from 
major fault ruptures and Wellington Fault aftershocks at sites in central Wellington and 
Porirua. The scenario hazard spectra were compared to the equivalent standard spectra 
predicted by the 2010 version of the NSHM (Stirling et al., in press) to quantify the 
magnitude of differences in hazard. 

2.0 METHOD 

The aftershock hazard was estimated for three scenario earthquakes rupturing the full ~80 
km length of the Wellington-Hutt Valley segment of the Wellington Fault (Figure 1). The 
scenarios were for main shocks of magnitude M7.3, M7.5 and M7.7. The value of M7.5 is the 
median estimate of the characteristic earthquake magnitude on the Wellington-Hutt Valley 
segment of the Wellington Fault in the NSHM, and the other values represent plausible 
lower- and higher- magnitude scenarios. Hazard was calculated by first estimating 
aftershock occurrence rates in the first 50 years using the STEP model, and then applying a 
ground motion model for estimating shaking at a range of spectral accelerations in 
conjunction with the annualised aftershock rates. 
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2.1 STEP Model 

The STEP (Short-Term Earthquake Probability; Gerstenberger, 2003; Gerstenberger et al., 
2005) model is an aftershock model based on the idea of superimposed Omori (Ogata, 
1988, 1998) type sequences. The model normally comprises two components: 1) a 
background seismicity model; and 2) a time-dependent clustering model. A background 
seismicity model can consist of any model that is able to forecast a rate of events for the 
entire region of interest at all times; in the version of the model applied here the background 
model plays no part. The clustering model is based on the work of Reasenberg and Jones 
(1989) which defines aftershock forecasts based on the a- and the b- value from the 
Gutenberg-Richter relationship (Gutenberg & Richter, 1944) and the p-value from the 
modified Omori law (Ogata, 1983, 1988, 1998).  In the version of the STEP model applied 
here, generic values of these parameters are used, corresponding to the median 
Reasenberg and Jones parameters (see below). 

 

Figure 1 Location of the Wellington-Hutt Valley segment of the Wellington Fault (in red) and other 
faults of the Wellington region (Stirling et al., in press; Robinson et al., 2011), with line-width 
proportional to the long-term average slip rate of the faults. Blue dots show chosen sites for hazard 
spectra evaluation in central Wellington (174.77oE,41.29oS) and Porirua (174.84oE, 41.134oS). 

In this study, the STEP model thus computes the present aftershock forecasts based on the 
average behaviour of aftershocks in New Zealand. It uses the median Reasenberg and 
Jones parameter values for New Zealand aftershocks, with parameter estimates from 
Pollock (2007): a = -1.59; b = 1.03; p = 1.07; and c = 0.04 days. In the present estimates, the 
total expected number of aftershocks depends only on the main shock magnitude, and the 
spatial distribution of the aftershocks depends only on the fault location. Spatially, the 
aftershock rates taper off according to the inverse square of the distance from the fault. This 
spatial distribution for the aftershocks was determined from the analysis of numerous 
aftershock sequences in California (Gerstenberger, 2003). In the three present scenarios, 
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where only the main shock magnitude and the ruptured fault segment are given as input 
data, there is no opportunity for the STEP model to apply its standard updating procedures 
for the Reasenberg and Jones parameters, or to allow for spatial heterogeneities within the 
sequence. The scenarios are therefore for somewhat idealized aftershock sequences. More 
heterogeneous sequences would be expected in practice. 

The aftershock rates were estimated on a 0.05-degree-squared grid in magnitude bins of 
width 0.1 magnitude units centred on magnitude 5.0, 5.1, …, 7.9. The spatial grid spacing is 
such that no spatial resolution of hazard at a finer scale than about 5 km is possible. The 
rates were distributed across six depths of 1, 2, 5, 10, 20, and 30 km, with 70 percent of the 
earthquakes at 5 and 10 km depth. 

Earthquake hazard estimates are known to be sensitive to the maximum assumed 
magnitude. Therefore, the selection of M7.9 as an upper limit for the magnitude of 
aftershocks is somewhat arbitrary and may be an influential factor in the hazard estimates. 
However M7.9 was indicated to be important for study by an expert panel assembled to 
consider time-varying hazard estimation in Canterbury following the recent damaging 
earthquakes. In contrast, the NSHM adopts M7.2 as the upper magnitude limit for distributed 
seismicity, and allows higher magnitudes only on mapped fault sources. In the present 
context, since we are considering the aftershocks of a single fault source, it seems 
reasonable to allow for the possibility that such aftershocks might include triggered 
earthquakes larger than the initiating main shock, which could be earthquakes rupturing 
other known fault sources in the Wellington region or earthquakes on presently unknown 
sources. We note that the aftershock region includes several active fault sources large 
enough to support earthquakes of larger magnitude than M7.2 (Figure 1). The STEP model, 
like other aftershock models, does not have a built in maximum magnitude, or a means of 
estimating the maximum magnitude. Therefore, it seems better to start with a relatively 
conservative (high) value for the maximum magnitude in this initial phase of the study of the 
influence of aftershocks on earthquake hazard. However, the sensitivity of the hazard to the 
maximum magnitude, both for aftershocks and for the distributed seismicity component of 
the NSHM, is something that will be systematically and quantitatively examined in a later 
phase of the study, along with the sensitivity to other assumed parameters, including the 
Gutenberg-Richter b-value. 

The expected number of aftershocks in the first 50 years after the initiating main shock is 
taken here as an estimate of the total number of aftershocks. This is a reasonable 
approximation. Although the modified Omori law is a power law, which means that the 
aftershocks theoretically (but not in practice) continue for ever, the majority (85%) of the 
aftershocks within the first 500 years theoretically occur within the first 50 years with the 
p-value of 1.07 used here. 

2.2 Ground-motion model 

The McVerry et al. (2006) ground motion prediction equations (GMPEs) are used in the 
New Zealand Seismic Hazard Model (NSHM) for peak ground accelerations (PGA) and 5% 
damped acceleration response spectra in New Zealand earthquakes. Equations are given 
for both the larger of two randomly oriented orthogonal horizontal components of measured 
ground motion and the geometric mean of the components, and take account of the different 
tectonic types of earthquakes in New Zealand. Both the crustal and subduction zone 
attenuation expressions have been obtained by modifying overseas models for each of 
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these tectonic environments to better match New Zealand data, and to cover site subsoil 
classes that relate directly to those used for seismic design in New Zealand codes. The 
GMPEs use all available data from the New Zealand strong-motion earthquake 
accelerograph network up to the end of 1995 that satisfy various selection criteria, 
supplemented by selected data from digital seismographs. 

For engineering applications, it is common practice in New Zealand to apply magnitude 
weighting to the estimated ground motions, to compensate for the shorter duration (less 
damaging) shaking associated with lower magnitude earthquakes. No such magnitude 
weighting is applied in this initial phase of the IOF study. However, we note that these 
hazard calculations are directly comparable to the magnitude-unweighted calculations of 
Stirling et al. (in press). 

2.3 Hazard Calculations 

The scenario earthquake source models are used to estimate the seismic hazard for two 
sites, one in central Wellington and one in Porirua (see Figure 1), applying the standard 
methodology of Probabilistic Seismic Hazard Analysis (PSHA; Cornell, 1968), which 
accounts for the uncertainty in estimates of ground motion from the GMPEs, except for the 
differences noted below to accommodate the aftershocks. 

For each aftershock scenario, we construct the source model in a similar way to that used in 
the NSHM. The same fault sources are used as in the NSHM, but the distributed (or 
background) point sources of the NSHM are replaced by the average annualised rates of 
occurrence of Wellington fault aftershocks in each 0.05 x 0.05 degree cell. The annualised 
rate is computed by dividing the number of aftershocks expected in the first 50 years 
following a Wellington Fault mainshock by the average return period of a Wellington Fault 
main shock (840 years in the NSHM of Stirling et al., in press). The scenario source models 
so constructed are not intended to be comprehensive source models like that used in the 
NSHM, but serve to give an indication of how large the contribution of aftershocks from a 
single characteristic earthquake is likely to be in comparison with the distributed seismicity 
that is already included in the NSHM. 

For each site and spectral period, exceedance rates for a standard set of acceleration values 
are summed for each earthquake included in the source model, and then interpolated to 
obtain the acceleration values for each required return period (the inverse of the annual 
exceedance rate). The acceleration value with the same return period for a set of spectral 
periods is the hazard spectrum for that return period. 

The hazard spectra for each aftershock scenario are compared to the standard hazard 
spectra for the same sites according to the NSHM. 
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3.0 RESULTS 

3.1 Aftershock Rates 

The annualised aftershock rates for the three scenario main shocks on the Wellington Fault 
are shown in Figure 2 (M7.3), Figure 3 (M7.5) and Figure 4 (M7.7). The rates are for 
aftershocks of M5.0 (+0.05) and are expressed relative to a Reference model (RTR) in which 
one earthquake per year is expected to exceed any magnitude m in an area of 10m km2 (e.g. 
1 RTR is equivalent to 1 magnitude 5 or greater earthquake per year per 100,000 km2). The 
reference model thus has a Gutenberg-Richter b-value of 1; the scenario rates on the RTR 
scale differ with magnitude only to the extent that the b-value applied in the STEP model 
differs from 1. With a b-value of 1.03, the variation with magnitude is not great, but the RTR 
rates diminish gradually as the magnitude is increased. For example, at M6.0 the rates are 
93% of those plotted, and at M7.0 the rates are 87% of those plotted. 

 

Figure 2 The first 50 years of expected aftershocks from a Wellington Fault main shock of M7.3 
spread out over the NSHM 840 year return period of the Wellington Fault main shock earthquake (i.e., 
the annualised average rate of aftershocks of a scenario Wellington Fault earthquake of M7.3). The 
rates are calculated at M5.0 and are relative to a Reference rate (RTR) in which 1 earthquake per 
year exceeding magnitude m is expected in an area of 10m km2.  The maximum rate plotted is 
7.5 RTR. 
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On the RTR scale, a typical hazard earthquake occurrence rate for locations in New Zealand 
is of the order of 1 (corresponding to a yellow colour in Figures 2-4). The red colour in 
Figures 2-4 indicates seismicity of the order of 10 on the RTR scale. The fact that the colour 
close to the location of Wellington Fault in Figures 2-4 is red, rather than yellow, is an 
indication that the annualised aftershock rates present a higher-than-average hazard, and 
probably higher than the background rate in the NSHM computed mainly from the 
instrumental seismicity recorded in the last 50 years. During that period (i.e. the last 50 
years), the seismicity in the Wellington area has not been especially high relative to other 
New Zealand locations. The red colour is an indication that aftershocks of Wellington Fault 
ruptures are likely to make a contribution, possibly a significant one, to the overall 
earthquake hazard.  Actually, the earthquake rate in central Wellington in the NSHM 
distributed seismicity model is equivalent to 2.5 RTR at M5.0. 

 

Figure 3 The first 50 years of expected aftershocks from a Wellington Fault main shock of M7.5 
spread out over the NSHM 840 year return period of the Wellington Fault main shock earthquake (i.e., 
the annualised average rate of aftershocks of a scenario Wellington Fault earthquake of M7.5). The 
rates are calculated at M5.0 and are relative to a Reference rate (RTR) in which 1 earthquake per 
year exceeding magnitude m is expected in an area of 10m km2.  The maximum rate plotted is 
11.8 RTR. 
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As expected, the annualised occurrence rate of aftershocks increases with the scenario 
main shock magnitude (Figures 2-4). This increase makes the aftershock area appear to 
increase with magnitude also, although the distribution of aftershocks in location follows the 
same inverse square law in all three cases. For an increase of 0.2 in the scenario main 
shock magnitude, the expected number of aftershocks in the STEP model increases by 
about 60%. However, even at the low scenario main shock magnitude of 7.3, the estimated 
rates close to the Wellington Fault are still high relative to the average rate of occurrence of 
earthquakes in New Zealand. 

 

 

Figure 4 The first 50 years of expected aftershocks from a Wellington Fault main shock of M7.7 
spread out over the NSHM 840 year return period of the Wellington Fault main shock earthquake 
(i.e., the annualised average rate of aftershocks of a scenario Wellington Fault earthquake of M7.7). 
The rates are calculated at M5.0 and are relative to a Reference rate (RTR) in which 1 earthquake per 
year exceeding magnitude m is expected in an area of 10m km2.  The maximum rate plotted is 
18.7 RTR. 
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3.2 Hazard Spectra 

The hazard spectra computed under each aftershock scenario for a shallow soil site (subsoil 
class C) in central Wellington are compared to those for the same site according to the 
NSHM in Figure 5 (M7.3), Figure 6 (M7.5) and Figure 7 (M7.7). In each Figure the solid 
curves represent the NSHM spectra and dashed curves represent the scenario spectra. 

 
 
Figure 5 Spectra for subsoil class C site (shallow soil) in central Wellington, for return periods of 
150, 475, 1000 and 2500 years. Solid curves are for the NSHM of Stirling et al. (in press). Dashed 
curves are for the fault sources of the NSHM together with the aftershocks of M7.3 characteristic main 
shock earthquakes on the Wellington-Hutt Valley segment of the Wellington Fault. PGA (0.0 sec 
period) is plotted at 0.03 sec period to enable the spectra to be shown in log-log scale. 
 
 

 
 
Figure 6 Spectra for subsoil class C site (shallow soil) in central Wellington, for return periods of 
150, 475, 1000 and 2500 years. Solid curves are for the NSHM of Stirling et al. (in press). Dashed 
curves are for the fault sources of the NSHM together with the aftershocks of M7.5 characteristic main 
shock earthquakes on the Wellington-Hutt Valley segment of the Wellington Fault. PGA (0.0 sec 
period) is plotted at 0.03 sec period to enable the spectra to be shown in log-log scale. 
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Figure 7 Spectra for subsoil class C site (shallow soil) in central Wellington, for return periods of 
150, 475, 1000 and 2500 years. Solid curves are for the NSHM of Stirling et al. (in press). Dashed 
curves are for the fault sources of the NSHM together with the aftershocks of M7.7 characteristic main 
shock earthquakes on the Wellington-Hutt Valley segment of the Wellington Fault. PGA (0.0 sec 
period) is plotted at 0.03 sec period to enable the spectra to be shown in log-log scale. 
 

It is notable that in all three Figures, the scenario hazard spectra are higher than the NSHM 
hazard spectra. As expected, the differences increase with the scenario main shock 
magnitude. The differences are generally greater for shorter-period motions (0 – 0.2 sec) 
than for longer-period motions (0.3 – 3 sec), but are greatest at a period of 0.1 sec (note that 
PGA, 0.0 sec, is plotted as 0.03 sec on the spectra plots). The general trend here is as 
expected because the aftershocks are assumed to follow the Gutenberg-Richter 
frequency-magnitude law, and therefore predominantly have relatively low magnitudes. 
Lower magnitude earthquakes make a greater contribution to spectral accelerations at short 
periods than at long periods. Also the spectra are not magnitude-weighted, so the 
differences may be larger than they would be if the comparisons were made with 
magnitude-weighted spectra. Magnitude-weighting reduces the contributions of earthquakes 
of magnitudes lower than 7.5 and was used for developing the spectra in the New Zealand 
structural design standard for earthquake motions, NZS1170.5:2004. 

The corresponding Porirua hazard spectra comparisons are given in Figures 8-10. The 
trends are similar to those for the central Wellington site, but the differences between the 
scenario spectra and the NSHM spectra are less pronounced because of the greater 
distance of the Porirua site from the Wellington Fault. However, the differences are still 
appreciable. In fact, the excess of the scenario spectra over the NSHM spectra is similar in 
Figure 9 (Porirua, M7.5 scenario) to that in Figure 5 (Wellington, M7.3 scenario). Therefore, 
it appears that an increase of 0.2 in the magnitude of a scenario main shock on the 
Wellington Fault is enough to bring the aftershock scenario motions at Porirua up to the 
central Wellington level. 
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Figure 8 Spectra for subsoil class C site (shallow soil) in Porirua, for return periods of 150, 475, 
1000 and 2500 years. Solid curves are for the NSHM of Stirling et al. (in press). Dashed curves are 
for the fault sources of the NSHM together with the aftershocks of M7.3 characteristic main shock 
earthquakes on the Wellington-Hutt Valley segment of the Wellington Fault. PGA (0.0 sec period) is 
plotted at 0.03 sec period to enable the spectra to be shown in log-log scale. 
 
 

 
 
Figure 9 Spectra for subsoil class C site (shallow soil) in Porirua, for return periods of 150, 475, 
1000 and 2500 years. Solid curves are for the NSHM of Stirling et al. (in press). Dashed curves are 
for the fault sources of the NSHM together with the aftershocks of M7.5 characteristic main shock 
earthquakes on the Wellington-Hutt Valley segment of the Wellington Fault. PGA (0.0 sec period) is 
plotted at 0.03 sec period to enable the spectra to be shown in log-log scale. 
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Figure 10 Spectra for subsoil class C site (shallow soil) in Porirua, for return periods of 150, 475, 
1000 and 2500 years. Solid curves are for the NSHM of Stirling et al. (in press). Dashed curves are 
for the fault sources of the NSHM together with the aftershocks of M7.7 characteristic main shock 
earthquakes on the Wellington-Hutt Valley segment of the Wellington Fault. PGA (0.0 sec period) is 
plotted at 0.03 sec period to enable the spectra to be shown in log-log scale. 

4.0 DISCUSSION 

The results presented here are sufficient to indicate that aftershocks could potentially make 
a significant contribution to earthquake hazard in Wellington, just as the Canterbury 
earthquake sequence has already shown that they certainly make a major contribution to the 
earthquake hazard in Christchurch. However, the present results show the effect of the 
aftershocks of only one of a number of major fault sources in the Wellington region 
(Figure 1). Although the Wellington Fault is the fault closest to the Wellington city centre, the 
aftershocks from other major faults could be expected to have an impact on the hazard in 
the Wellington metropolitan area, including the city centre. The contributions from other 
major faults will be evaluated in the next phase of the It’s Our Fault project. 

Further work, to be carried out in the second year of this task, is needed to support a 
determination of whether the differences seen here are of significance for engineering 
purposes. That includes applying magnitude weighting as is standard practice in using the 
NSHM for some engineering applications. We stress that the decision to apply magnitude 
weighting or not must be based on engineering understanding and is not part of this project. 

5.0 CONCLUSION 

By modelling the aftershocks for three scenario earthquakes on the Wellington Fault, and 
replacing the background distributed seismicity component of the NSHM by the annualised 
rate of modelled aftershocks, we have shown that the resulting hazard spectra are higher 
than those in the NSHM in all three scenarios for sites in both central Wellington and 
Porirua. These results suggest that there is cause for concern that, by not allowing for 
aftershocks, the present NSHM may be underestimating the earthquake hazard in 
Wellington (and possibly elsewhere in New Zealand too). 
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The robustness of this result needs to be checked by examining its sensitivity to 
assumptions of the aftershock modelling, including the maximum magnitude allowed for 
aftershocks and the values of the Gutenberg-Richter b-value and modified Omori p-value. 
Other aftershock models than STEP should also be considered, including the Epidemic-Type 
AfterShock (ETAS) model (Ogata, 1998), which allows the earthquake rate to be estimated 
by averaging over numerous synthetic sequences of aftershocks. 

The effect of practices adopted in the application of the GMPEs also needs to be examined, 
including whether extreme outlying values from the error distribution of the GMPEs 
contribute in any way to the high hazard estimates obtained from these scenarios. Also, the 
impact that magnitude weighting (Idriss,1981) would have on the results needs to be 
examined to determine if the results here are significant for engineering applications. 

So far, our analyses have considered only the aftershocks of Wellington Fault earthquakes. 
Clearly the approach adopted here needs to be extended to other known active faults of the 
Wellington region, and that will be done in the next phase of the work. With further 
development, this work could result in a major improvement of seismic hazard modelling in 
New Zealand. 
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