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ABSTRACT: Five percent damped response spectral acceleration have been calculated
from the strong motion records of two moderate magnitude earthquakes from the 2001-02
Burakin, WA, earthquake sequence. The spectral shapes from these events are broadly
consistent with eastern North American (ENA) attenuation relations. Moreover, the
Australian RSA’s tend to have more short-period content than the RSA’s predicted by
western North American (WNA) attenuation models.  These comparisons provide a
qualitative indication that ENA attenuation relations are more suitable for Western
Australian conditions than WNA relations

1 INTRODUCTION

1.1 Earthquake risk assessments in Australia

The general perception within Australian communities is that earthquakes are a rare phenomenon that
pose little to no risk. Although the risk of a large earthquake occurring in a major urban centre is much
lower in Australia than in more active regions of the world, Australian earthquakes have the potential
to produce significant damage to property and infrastructure. This was poignantly demonstrated in the
devastating 1989 Newcastle earthquake which claimed 13 lives and caused extensive damage to many
buildings.

Earthquake risk assessments require one or more models that describe the attenuation of strong ground
motion with distance from its source.  Recently published earthquake risk assessments for Australia
commonly use attenuation models derived from North American data due to the absence of a suitable
Australian model (e.g. Dhu and Jones, 2002). North American models are generally chosen because
they are thought to have been developed in regions with similar crustal properties as those in
Australia. However, to date there has been little quantitative work done to examine the suitability of
these models.

In the present study we seek to develop spectral attenuation models to describe ground motion from
Australian earthquakes. Geoscience Australia’s (GA’s) development of an attenuation model is in its
early stages, and this paper is not meant to provide any comprehensive commentary on the attenuation
of Australian earthquakes.  Rather, this paper illustrates a simple comparison between some Western
Australian ground motions and the response spectra that would be predicted by two North American
attenuation models.

1.2 Development of Australian attenuation models

The approach used to develop region specific attenuation models is usually dictated by the amount and
nature of available ground motion data. In regions with higher levels of seismicity, attenuation models
are often derived directly from empirical observations (e.g. Sadigh et al., 1997; McVerry et al., 2000).
In regions characterised by low seismicity, it is more common to use a stochastic approach
(e.g. Atkinson and Boore, 1997; Toro et al., 1997). This method simulates spectral ground motions
expected for a broad range of larger earthquakes based on the source, path and site parameters
estimated from smaller events. The key requirement for both of these approaches is the need for at
least some well recorded ground motions at a range of source-receiver distances.
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To date, the development of robust attenuation models for Australian conditions has been limited by a
lack of high quality digital ground motion data. This situation has recently been improved through
GA’s acquisition of ground motion records from the 2001-02 Burakin, Western Australia earthquake
sequence (Leonard, 2002; Leonard, 2003). Burakin lies within the South-west Seismic Zone (SWSZ),
the most seismically active region in Australia in the last 40 years. The current dataset, recorded on a
temporary network of accelerometers and seismographs, consists of some 42 earthquakes of ML 3.0 or
greater recorded at distances between 2 and 100 km.  Moreover, the dataset contains 4 events currently
assigned with ML’s greater than 5.0. The Burakin earthquake catalogue represents a valuable resource
for ground motion attenuation studies in Australia, and for other intraplate regions with low seismicity.

Geoscience Australia is currently analysing these data as part of a concentrated research program
designed to produce a robust spectral attenuation model for Western Australia. This research will
complement recent work which has demonstrated that spectral ground motions from south-eastern
Australian earthquakes are characterised by higher levels of short-period ground motion when
compared to published attenuation functions (Allen et al., 2003). This short-period motion can be
attributed to the short duration and high stress drops typically observed for south-eastern Australian
earthquakes.

2 RESPONSE SPECTRA COMPARISON

2.1 Methodology

Response spectra from the Burakin dataset have been calculated and then compared with the
appropriate predicted spectra from two North American attenuation models.  The attenuation model of
Atkinson and Boore (1997) (AB97) has been used as a representative attenuation model for eastern
North America.  For comparison, a widely used attenuation model from western North America has
also been included in this analysis (Sadigh et al., 1997) (S97).

One of the problems with an analysis such as the one presented in this paper is that neither AB97 nor
S97 are designed to describe ground motions from earthquakes smaller than MW 5.5.  Moreover,
Atkinson and Boore (1995) state that for small-to-moderate magnitude earthquakes (i.e. less than
MW 5.5), their equations “grossly overpredict the simulated amplitudes at distances greater than 30
km, while underpredicting amplitudes at very close (R < 15 km) distances”.  The key objective of this
work is to look closely at Australian data and to highlight some of the issues that must be addressed
prior to confidently modelling earthquake strong motion in Australia.

2.2 Spectral shape

Prior to the development of a comprehensive spectral attenuation relation for Western Australia, it is
useful to compare the shape of response spectral acceleration (RSA) calculated from the Burakin
dataset, to published North American attenuation relations. This process, at the very least, can allow
for the selection of an appropriate attenuation model for probabilistic hazard studies in the absence of
a model derived from Australian data alone.

Five percent damped RSA have been calculated for two of the largest events in the Burakin catalogue
(Table 1) as recorded at three separate sites (Figure 1). Despite uncertainties in magnitude scaling,
data indicate that the spectral shape calculated for sites located within the Archean shield most closely
relate to eastern North American (ENA) attenuation relations (e.g. AB97) (Figures 2 and 3). RSA’s
computed for the Burakin dataset indicate that strong ground motion is characterised by shorter-period
ground motion than the ground motion predicted by the S97 model for WNA. These data suggest that
the Burakin events have higher stress drops, and consequently, a more compact source than those used
to define the S97 attenuation model.

The comparison of RSA data to both AB97 and S97 models (at MW 4.5 and 5.5, respectively) also
suggests that local magnitudes calculated in Western Australia from Geoscience Australia’s National
Seismograph Network (GANSN) may currently be overestimated by as much as 0.5 of a magnitude
unit. Consequently, hazard studies that adopt GANSN magnitudes will overestimate ground motion
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expected at surface sites in a given period using published attenuation functions. This disparity is
further exacerbated when we consider that MW’s (on which most attenuation functions are based) are
typically lower than ML’s in this magnitude range (Johnston 1996; Allen 2004).

Table 1. Origin information for the two Burakin events studied.

Date UTC Time Longitude Latitude Magnitude ML*

23 Mar 2002 1316 117.065 -30.521 4.8

30 Mar 2002 2115 117.049 -30.524 5.2

*Local magnitudes as calculated from records on the Australian National Seismograph Network

Figure 1: Location of the Burakin events and recording stations used within this study.
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Figure 2. Five percent damped RSA from the ML 4.8, 2002-03-23 Burakin event for the sites a) CA3 (3 km), b)
PIG2 (45 km) and c) PIG3 (104 km). The RSA’s are compared with spectra predicted by the AB97 and S97
attenuation models for events of magnitude MW 4.5 and 5.5 at the appropriate distances.
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Figure 3. Five percent damped RSA from the ML 5.2, 2002-03-30 Burakin event for the sites a) CA3 (2 km), b)
PIG2 (44 km) and c) PIG3 (103 km). The RSA’s are compared with spectra predicted by the AB97 and S97
attenuation models for events of magnitude MW 4.5 and 5.5 at the appropriate distances.

2.3 Attenuation of response spectra with distance

Another important feature that should be captured by an attenuation model is the decay of RSA with
distance. Figure 4 presents the decay of the calculated RSA at a period of 0.3 s for the ML 5.2 Burakin
event that occurred on 30 March, 2002.  This figure also presents the associated decay for the AB97
and S97 models.  Due to large uncertainties in magnitude estimates for the Burakin events, the two
North American attenuation models have again been calculated for both MW 4.5 and MW 5.5 events in
order to bound the range of possible magnitudes.

A superficial inspection of this figure suggests that the data most closely corresponds with the decay
of the MW 4.5 AB97 model.  However, the clearest result is that all of the observed RSA
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measurements are smaller than those predicted by any of the attenuation models.  This difference is
most probably related to the magnitude estimates, however significantly more work is needed in order
to resolve this discrepancy.

Figure 5 presents RSA decay information for a period of 1 s.  As with the data presented in Figure 4,
RSA decay for AB97 and S97 has been plotted for both MW 4.5 and 5.5 events.  The data again
approximates the decay predicted by the AB97 model for an MW 4.5 event.  In this case, only two of
the observed RSA measurements are significantly less than the AB97 predictions.

The rate of decay at distances greater than 10 km appears to be slower than that predicted for the S97
model.  This suggests that the West Australian crust attenuates ground motions less than the crust of
western North America.  However, it should be emphasised that this observation is essentially based
on a single point, and hence is far from conclusive.

Figure 4. Decay of 5% damped RSA (T = 0.3 s) with distance for the two Burakin events described in Table 1.
For comparison the predicted decay for AB97 and S97 are plotted for earthquakes with MW 4.5 and 5.5.

Figure 5. Decay of 5% damped RSA (T = 1 s) with distance for the two Burakin events described in Table 1.
For comparison the predicted decay for AB97 and S97 are plotted for earthquakes with MW 4.5 and 5.5
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3 DISCUSSION

3.1 Implications for earthquake risk assessments in Australia

The results presented in Section 2 tend to suggest that the AB97 model is more appropriate for
modelling earthquake risk in south-western Australia than the S97 model.  This in turn supports the
commonly held assumption that attenuation models from ENA are more suitable for Western
Australian conditions than models from WNA.  Unfortunately, the limited and scattered data presented
here do not provide enough information for any comprehensive or even particularly confident claim
about the nature of earthquake attenuation within Australia.  These results do however emphasise the
importance of accurate magnitude measures.  As mentioned previously, there is a great deal of
uncertainty in both the calculated ML for these events and the relationship between ML and MW.
Preliminary re-evaluation of magnitudes using data recorded on the temporary Burakin network and
Gaull & Gregson’s (1991) scaling relation suggests that local magnitudes for both of the events
considered here could be as low as ML 4.5.  For reliable comparisons with other attenuation models
these uncertainties must be reduced.

The results presented within this paper have all come from data recorded within the Archean Yilgarn
Craton.  However, the Burakin earthquakes are located approximately 200 km from Perth which is
wholly within the younger Perth Basin.  The difference in crustal structures between these two
geological terrains will add further complexity to the problem of developing an attenuation model for
the region. Fortunately there are a handful of strong motion recordings from within the Perth Basin
which should allow for this these differences to be incorporated into a regional attenuation model.
This will be essential if the resultant model is to be useful for earthquake risk assessments of Perth.

3.2 Current work at GA

The development of reliable spectral attenuation models for Australia is one of GA’s research
priorities.  One of the key requirements for the development of these models is the availability of high
quality Australian strong motion records.  To this end, GA, Environmental Systems and Services
(ES&S), and the Australian National Committee on Large Dams (ANCOLD) are collaborating to
assemble a database of Australian strong ground motions.

This strong motion data will form the principle data source for GA’s development of attenuation
models for Australia.  These models will be created using a stochastic approach that will require:

• non-linear inversions and empirical studies to estimate earthquake source, path and site
parameters for Australia;

• the generation of synthetic response spectra for a range of earthquake magnitudes and source-
receiver distances; and

• regression of these synthetic response spectra to create simplified attenuation functions.

Geoscience Australia is currently focused on the first stage of this work, i.e. the estimation of source
path and site effects for the Burakin data.  The development of spectral attenuation models using local
strong ground motion recordings will lower uncertainties in earthquake risk assessments.  This could
have a variety of impacts in Australia from the revision of earthquake loading standards through to
improved decision making for the funding of natural hazard mitigation projects.

4 CONCLUSIONS

The results of this paper provide little information on how appropriate ENA models are for Australian
conditions.  The results support the view that ENA models are more suitable than WNA models.
However, given the large amount of scatter and uncertainties in magnitudes, these results do not
provide conclusive evidence to support AB97 as a suitable model for Australia.

The main conclusion of this work is to emphasise the need for more fundamental research into strong
ground motion issues within Australia.  Geoscience Australia has recognised the need for this work
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and is currently focusing its research on the analysis of available Australian ground motion data and
the development of stochastic attenuation models for Australian conditions.
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