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Abstract 

We performed an earthquake risk assessment of seven smaller communities across the 
Yilgarn region of Western Australia (WA): Northam, Merredin, Cunderdin, Kellerberrin, 
Wundowie, Meckering, and Tammin. This was done as a part of activities of a project entitled 
“Risk Assessment and Mitigation Study for Earthquakes in the Yilgarn” which, in addition to 
assessing risk posed to buildings by earthquakes, has a focus on understanding critical 
infrastructure system risk in the Yilgarn region. The earthquake hazard was modelled based 
on the 2018 National Seismic Hazard Assessment and Geoscience Australia’s seismic site 
conditions map for Australia. Building exposure data was compiled by a desktop survey using 
available aerial imagery, purpose captured GoPro street-view type imagery and publicly 
available real estate information to record building attributes. We used Geoscience Australia’s 
current vulnerability functions which include a range of models collaboratively developed for 
high-risk unreinforced masonry buildings. The estimated average annualised loss ratios for the 
communities range from 0.008% to 0.027%, with the highest being for Kellerberrin, and the 
lowest being for Wundowie. Nine earthquake scenario events were modelled along with the 
risk and impact reductions achieved through a virtual retrofit of old URM buildings in the 
communities. In this paper the outcomes of this research are presented and discussed in a 
national context. 
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Introduction 
Earthquake hazard in Australia is low by global standards as the peak ground accelerations 
(PGA) with a 10% probability of exceedance in 50-years at capital cities are estimated to be 
less than 0.05g based on the 2018 National Seismic Hazard Assessment (NSHA 18; Allen et 
al., 2018). For a comparison, the PGA with 10% probability of exceedance in 50-years at 
Auckland, New Zealand and San Francisco, USA are 0.09g and 0.44g, respectively according 
to the Global Seismic Hazard Map (Pagani et al., 2018). There are areas of higher earthquake 
hazard in the Australian continent such as the Yilgarn region of Western Australia (WA) where 
the PGA with a 10% probability of exceedance in 50-years ranges from 0.059g (Northam) to 
0.083g (Kalgoorlie). Historically, large magnitude earthquakes have occurred in the region 
such as the 1968 Meckering earthquake with a moment magnitude (Mw) of 6.58 and the Mw 
5.2 Kalgoorlie-Boulder earthquake (2010). 
Geoscience Australia is undertaking a project titled “Risk Assessment and Mitigation Study for 
Earthquakes in the Yilgarn” in a collaboration with the Global Earthquake Model Foundation 
(GEM), Department of Fire & Emergency Services (DFES), Main Roads, Western Power, 
Water Corporation, Arc Infrastructure, Department of Planning, Lands and Heritage (DPLH), 
and WA Country Health Service (WACHS). The key focus of the project is to understand critical 
infrastructure system risk, particularly with geographically dispersed elements, in the Yilgarn 
region. The parallel area of focus for the project is on community risk, resilience and mitigation, 
which includes the assessment of risk in seven smaller communities across the region. 
In this paper, we describe how we modelled hazard, exposure and vulnerability, which are the 
three elements for the risk and impact assessment. The earthquake hazard was modelled 
based on the 2018 National Seismic Hazard Assessment and Geoscience Australia’s seismic 
site conditions map for Australia. Building exposure data was compiled by a desktop survey 
using available aerial imagery, purpose captured GoPro street-view type imagery and publicly 
available real estate information to record building attributes. We used Geoscience Australia’s 
current vulnerability functions which include a range of models collaboratively developed for 
high-risk unreinforced masonry buildings. We estimated average annualised loss for the 
communities to identify communities of high risk. Nine earthquake scenario events were 
modelled along with the risk and impact reductions achieved through a virtual retrofit of old 
URM buildings in the communities. The outcomes of the risk assessment are presented and 
discussed in a national context. 

1 Local surface hazard 
GA produced an updated National Seismic Hazard Assessment with contributors from the 
wider Australian seismology community in 2018. In the NSHA18, the horizontal PGA and the 
spectral accelerations are calculated on Standards Australia’s AS1170.4 (Standards Australia, 
2018) Soil Class Be (approximated at VS30=760 m/s). The mean PGA that has a 10% probability 
of exceedance in 50-years for Northam and Meckering are 0.059g and 0.064g, respectively. 
These values are higher than those of capital cities in Australia, which are less than 0.05g. 
In order to model the surface hazard, we used the site condition data extracted from the 
Australian Seismic Site Conditions Map (ASSCM; McPherson, 2017). The ground motion fields 
were simulated using the OpenQuake-engine (Version 3.16.1; Pagani et al. 2014) adopting 
the same logic tree of ground motion models used in NSHA 18. To compute ground motion for 
a given site class, both the Allen (2012) and Somerville et al. (2009) ground motion models 
used for the NSHA 18 were adjusted to incorporate site effects by implementing the 
amplification model by Seyhan and Stewart (2014) in the OpenQuake-engine. 
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2 Building exposure data and vulnerability models 
Building exposure data was compiled by a desktop survey using available aerial imagery, 
purpose captured GoPro street-view type imagery, the DPLH heritage register and publicly 
available real estate information to record building attributes, such as location, use, size, 
building materials, building class, replacement value, heritage status, and night-time 
population. GoPro surveys were undertaken by the DFES to capture current high-resolution 
imagery of buildings from public roads. With the aim of capturing all buildings within the urban 
area of each of the seven towns, images of 6664 buildings were captured. Figure 1 shows the 
location of surveyed buildings in Northam as an example of the extent and density of capture. 
The night-time population was assigned by distributing the total population based on the 2021 
Census across residential buildings proportional to the floor area of the building. The 
replacement value of each building was estimated by multiplying the building’s floor area by a 
replacement rate, dependent on building type and usage, procured from previously sourced 
quantity surveyor data inflated to current prices. 
 

 
Figure 1. Desktop exposure survey points for Northam. 

Vulnerability models relating the mean loss ratio (repair cost normalised by replacement cost) 
to peak ground acceleration (PGA) were required for each building type in the exposure 
database. Fragility functions were used to determine damage states of buildings subjected to 
ground shaking. We used GA’s current vulnerability and fragility models for non-URM 
buildings. We adopted vulnerability models specifically developed for types of URM buildings 
common in WA Wheatbelt towns. Vulnerability models and fragility functions for 1 or 2 storey 
URM buildings were sourced from Wehner et al. (2020), and those for 3 to 5 storey commercial 
URM, church and town hall buildings were taken from Vaculik et al. (2022), which reports on 
a collaborative project undertaken by the Shire of York, WA, Adelaide University, DFES and 
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GA. For virtual retrofit of URM buildings, vulnerability models for retrofitted URM buildings were 
taken directly from Wehner et al. (2020) assuming full retrofit (i.e. retrofit of all chimneys, 
parapets, gable walls and exterior walls tied to floor and roof diaphragms). 

3 Risk assessment 
A large number of stochastic events were generated for a risk assessment for the study region. 
For each event, PGA was estimated at the location of each building incorporating the site 
condition, and the estimated intensity was subsequently used as an input for the vulnerability 
associated with the building. Consequences such as physical damage, damage related loss, 
and human casualties were computed using the corresponding vulnerability models. 
Consequences at building level were then aggregated by a group of buildings of interest or for 
each geographical boundary of interest such as the ABS Statistical Area Level 1 (SA1). 
Average Annualised Loss (AAL) of the whole study region was estimated to be 1.26 M AUD, 
and the AAL ratio (AAL normalised by total replacement cost) was estimated to be 0.0169%, 
which is comparable to the estimated value for York (0.022%) (Ryu et al., 2019) and larger 
than Perth (0.0098%) (Edwards et al., 2021). The AAL ratio of the towns in the study region 
ranged from 0.008% to 0.027% with the smallest being for Wundowie, and the largest being 
for Kellerberrin, respectively. The AAL across the study region was found to be highly 
correlated to the percentage of older URM in the building stock of each community. The AAL 
and AAL ratio for each of the suburbs is set out in Table 1. 

Table 1. AAL and AAL ratio by suburb. 

 Wundowie Northam Meckering Cunderdin Tammin Kellerberrin Merredin 

AAL (M AUD) 0.161 0.175 0.010 0.285 0.569 0.049 0.014 

AAL ratio (%) 0.008 0.015 0.014 0.021 0.022 0.027 0.016 

The Australian Disaster Resilience Index (ADRI) is an index for the resilience of communities 
to natural hazards at a national scale (Parsons et al., 2021). The study area consists of two 
regions of the ABS Statistical Area Level 2 (SA2), both of which ranked Low. Hence the risk to 
communities as indicated by the physical AAL is exacerbated by lower levels of community 
resilience. SA1s were divided into three categories based on the AAL ratio: Low (smaller than 
1st quartile), Medium (between the 1st quartile and 3rd quartile), and High (larger than 3rd 
quartile). For example, Figure 2 shows map of AAL ratio and AAL category by SA1 for 
Northam. 

  
Figure 2. a) Map of AAL ratio by SA1 for Northam, b) Map of AAL category by SA1 for Northam. 
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4 Scenario impact assessment 

4.1 Scenario events 

A total of nine scenarios were modelled using the magnitude and depth of the three historical 
events presented in the Table 2. The location of the scenario event was determined such that 
simulated PGA at the target location matched the intensity of the PGA corresponding to the 
selected return periods from NSHA18. The epicentre and the PGA at the target location of the 
scenario event is set out in the Table 3. 

Table 2. Historical events used for the scenarios. 

Event Date 
(year/month/date) 

Magnitude 
(Mw) Depth (km) Reference 

Calingiri 1970/03/10 5.46 1.0 Clark et al. (2014) 
Lake Muir 2018/09/16 5.32 1.72 Clark et al. (2020) 
Meckering 1968/10/14 6.58 3.0 Clark et al. (2014) 

Table 3. Scenario events. 

Scenario 
event Historical event 

Epicentre 
(Longitude, 

Latitude) 

Target 
location 

PGA (g) at the 
target location  

Distance from 
the target 

location (km) 

Return period 
based on NSHA 18 

(years) 

1 Calingiri 116.551, -31.876 Northam 0.06 27 500 
2 Lake Muir 116.656, -31.804 Northam 0.11 17 1000 
3 Meckering 116.509, -31.894 Northam 0.20 31 2500 
4 Callingiri 117.037, -31.786 Cunderdin 0.07 24 500 
5 Lake Muir 117.121, -31.750 Cunderdin 0.12 16 1000 
6 
 

Meckering 117.038, -31.858 Cunderdin 0.23 30 2500 
7 Calingiri 118.029, -31.660 Merredin 0.05 31 500 
8 Lake Muir 118.127, -31.354 Merredin 0.08 21 1000 
9 Meckering 117.977, -31.663 Merredin 0.15 35 2500 

Figure 3 shows the simulated ground motion field for Scenario 3 with an epicentre located in 
the vicinity of Northam, York and Wundowie. The consequences of the scenario events were 
calculated for three metrics: 1) monetary loss from necessary repair of physical damage to 
buildings and contents; 2) number of damaged buildings; and 3) number of casualties within 
buildings based on night-time population. 
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Figure 3. Simulated ground motion field in Modified Mercalli Intensity (MMI) for the Scenario 3. 

Table 4 sets out the estimated direct monetary loss (M AUD), loss ratio and number of 
damaged buildings by damage state from Scenario 3. As expected from the simulated ground 
motion field shown in Figure 3, Northam, Wundowie, and York were estimated to sustain more 
damage than other towns. The number of causalities from the Scenario 3 was estimated as 
negligible with only a handful of non-life-threatening injuries estimated. Although outdoor 
casualties were not explicitly modelled, there still exists a high risk of debris falling from URM 
buildings in pedestrian precincts as happened in the recent Woods Point Earthquake (2021) 
(Vaculik et al., 2021). 

Table 4. Summary of estimated direct monetary loss (M AUD), loss ratio and number of damaged 
buildings by damage state from the Scenario 3. 

Suburb Loss (M AUD) Loss ratio (%) Slight damage 
Moderate 
damage 

Extensive 
damage 

Complete 
damage 

Cunderdin 5.1 0.68 28 2 0 0 
Kellerberrin 3.1 0.48 13 1 0 0 
Meckering 0.6 0.78 9 0 0 0 
Merredin 3.7 0.21 10 0 0 0 
Northam 161.0 4.23 1341 360 19 6 
Tammin 1.2 0.53 5 0 0 0 

Wundowie 33.1 18.96 149 109 18 14 
York 153.4 12.37 645 232 46 36 

4.2 URM buildings mitigation case study 

A total of 30 older URM buildings located across the towns were virtually retrofitted, which 
translates into one building being retrofitted every year over 30 years. The virtual retrofit 
includes retrofit of all chimneys, parapets, gable walls and exterior walls tied to floor and roof 
diaphragms (Wehner et al., 2020). The total AAL of the 30 older URM buildings was reduced 
from 0.0641% to 0.0240%, which corresponds to 62% reduction from the mitigation. 
Consequences from the scenario events after the mitigation were also assessed. The 
estimated consequences from Scenario 3 demonstrated a 52-87% reduction in the monetary 
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loss due to building damage, and a 40% reduction in the number of damaged URM buildings, 
respectively, for those retrofitted as set out in Table 5. 

Table 5. Summary of estimated loss ratio and number of damaged buildings before and after virtual 
retrofit from the Scenario 3. 

Suburb No. of buildings 
for retrofit 

Loss ratio  
before retrofit (%) 

Loss ratio  
after retrofit (%) 
(reduction %) 

No. of damaged 
buildings before 

retrofit  

No. of damaged 
buildings after retrofit 

Cunderdin 1 1.72 0.51 (70) 0 0 
Kellerberrin 4 4.08 0.54 (87) 1 0 

Merredin 11 1.29 0.38 (71) 3 1 
Northam 13 10.8 5.16 (52) 11 8 
Tammin 1 0.86 0.24 (72) 0 0 

5 Summary 
An earthquake risk assessment was performed for seven smaller communities across the 
Yilgarn region of Western Australia (WA): Northam, Merredin, Cunderdin, Kellerberrin, 
Wundowie, Meckering, and Tammin. The earthquake hazard was modelled based on the 2018 
National Seismic Hazard Assessment and Geoscience Australia’s seismic site conditions map 
for Australia. Building exposure data was compiled through a desktop survey using available 
aerial imagery, purpose captured GoPro street-view type imagery and publicly available real 
estate information. Geoscience Australia’s current vulnerability functions were used, which 
include a range of models collaboratively developed for high-risk unreinforced masonry 
buildings. The outcome of this study implies that earthquake risk to the seven communities in 
the Yilgarn WA is high in the national context. This study identifies communities with higher 
risk where mitigation measures could be undertaken to reduce consequences from future 
events. 
 
This paper is published with the permission of the CEO, Geoscience Australia 
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