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EXECUTIVE SUMMARY 
 
The devastating Victorian bushfires of 7th February 2009 resulted in major loss of life, 
property, and other assets. They will be the subject of major debate for years to come. 
Indeed, the establishing of the 2009 Victorian Bushfires Royal Commission will help ensure 
that the key issues are considered. In developing directions for the future, it is vital that these 
are based upon solid evidence of what happened and why. Many agencies and 
organisations have been examining elements of these issues. However, to do this 
thoroughly, a major research effort was required to establish an authoritative and 
independent data set for the Australian and international fire community. It must be stressed 
that little detailed analysis has been conducted on these data sets to date. 
 
This report sets out the establishment of the data set, and partial findings from the extensive 
study undertaken. 
 
On 8th February, the Bushfire CRC was asked to establish a research taskforce to undertake 
the biggest data collection and analysis program ever undertaken in the aftermath of a 
bushfire disaster in Australia, and quite probably anywhere. Every day over a period of 
nearly two and half months, the Bushfire CRC placed teams of up to 50 researchers from 
across Australia, NZ and the USA in the field. This amounted to more than 2000 staff days of 
extensive data collection and analysis. This analysis has focussed on the Bunyip, Kilmore, 
Murrindindi, Churchill, and Bendigo (Maiden Gully) fires. 
 
The intent of the work was to collect time-critical data that would rapidly degrade because of 
weather, site clearance or other interference. This data is capable of answering various 
questions relating to the fire behaviour, human behaviour, and house survival or destruction.  
 
This report contains five major chapters that outline the data collected in the various areas, 
as well as draw some preliminary conclusions and findings from this data. These four 
chapters have been authored by the lead researchers in each area. While the Bushfire CRC 
has provided oversight on the reports, the content remains that created by these authors.  
 
The authors of each have drawn their findings from the individual data sets and have not had 
the opportunity to cross-reference to the other data sets. The analysis has also not been 
systematically cross-referenced to any recent evidence presented to the Royal Commission.  
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DIFFERENCES BETWEEN INTERIM AND FINAL REPORT 
 
This final report is compiled as a standalone document and should replace the interim report 
issued in June 2009. Therefore much of the content of the Interim report is repeated in this 
report. In order to remove any confusion the Fire Behaviour and Demographic reports are 
unchanged from the Interim Report.  
 
The Human Behaviour report has been substantially rewritten to reflect the analysis of 50% 
of the interviews. This further analysis has reinforced the findings outlined in the interim 
report. 
 
The Buildings and Land Use Planning report has been updated with the results having been 
validated and broad changes made to improve readability. No new findings are presented 
over and above the interim report. In between the issuing of the interim report in June and 
the delivery of this final report under the contract with the Victorian Agencies, there have 
been a number of key pieces of work conducted this has included preparation and 
presentation by Mr Justin Leonard of the work considered in the Building Chapter of this 
report to the Royal Commission. Mr Leonard’s transcript from the Royal Commission in 
relation to this work is attached to the back of the building report 
 
The Integrative studies covering Kinglake (Reserve/Victoria Roads and Pine Ridge Road); 
Strathewen and Marysville have been added to this report. 
 
DATA MANAGEMENT 
The data sets created have now been effectively validated, with help of an information 
management expert from the Office of the Emergency Services Commissioner. This has 
included extensive analysis of the various crew location data, and effectively geo-coding of 
the data.  
 
The data is now geo-spatially tagged so that each of the three team’s data can be overlaid 
on a GIS system this illustrated for a portion of Marysville in Figure 1. Similar overlays can 
be produced for other areas surveyed. 
 

 
FIGURE 1: A DATA OVERLAY SHOWING A PORTION OF MARYSVILLE (BLUE ARROWS FROM THE FIRE BEHAVIOUR TEAM; YELLOW DOTS 
INTERVIEW LOCATIONS;   ALL OTHER SYMBOLS ARE ELEMENTS FROM THE BUILDING ASSESSMENTS) 
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POSTAL SURVEY 
The proposed postal survey was sent out during the week of 12 October and has been 
widely published through the Bushfire CRC website, through a press release, and interviews 
with ABC local radio in Bendigo, Gippsland and with ABC 774. It is intended that the detailed 
analysis of the mail-out survey will be supplied at a later date depending upon the response 
rate to the survey. The survey has been distributed to around 6000 households in the fire 
affected areas of Kilmore East, Murrindindi, Churchill, Horsham, Bendigo, and Beechworth. 
 
The key questions being addressed by the survey relate to: 

• How were people in different areas of the state affected by the fires? 
• How was the "Prepare, Stay and Defend or Leave Early" policy understood and used 

in fire prone communities on February 7?  
• What did people do to protect themselves and their property before and during the 

fires? 
• Were fire warnings adequate? 
• How could warning systems be improved? 
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INTRODUCTION 
 
BACKGROUND TO THE RESEARCH 
On Saturday 7th February 2009, Victoria experienced Australia’s worst bushfires in recorded 
history, resulting in over 2000 homes lost and significant loss of life. 
In response to these events, the Bushfire Cooperative Research Centre (Bushfire CRC) 
established a Research Taskforce (the Taskforce) to collect the data that would 
subsequently be needed to underpin major research for the Fire and Land Management 
sector and the research community in Australia and overseas. The initial scope of work for 
the Taskforce covered the areas of Fire Behaviour; Human Behaviour and Community 
Safety Issues; Building (Infrastructure) and Land-Use Planning, and was set out at a high 
level between the Bushfire CRC and key stakeholders the Country Fire Authority (CFA), 
Department of Sustainability and Environment (DSE) and the Office of the Emergency 
Services Commissioner (OESC) and agreed on Wednesday 11th February, only four days 
after the fires started and while a number were still to be contained.   
At the request of the key stakeholders, the research efforts focussed on five major fire 
complexes: Kilmore, Murrindindi, Churchill, Bendigo and Bunyip. Within these large fire 
complexes, smaller study areas were identified to reflect the major areas of community 
impact (loss of life and property) along with the different types of fire behaviour and fuel 
levels exhibited on the day. 
Having agreed on this broad scope of work, the research specifically undertaken as part of 
this initiative focussed on the collection of data to underpin the understanding of the 
following:  
 

• the fire behaviour exhibited across the major Victorian fire complexes on 7th February 
2009;  

• the human behavioural factors that impacted upon the patterns of property or life loss 
or saves during these fires;  

• the building and land-use planning factors in the nominated areas that contributed to 
the pattern of property or life loss (or saves) during these fires; and 

• the way in which these factors worked collectively to impact on the pattern of loss of 
life and property.  
 

All aspects of the work considered the question: ‘Was the impact of the fires of 7th February 
2009 consistent with established knowledge or was this a result of previously unidentified 
behaviours or factors?’   
The Research Response Taskforce was led by team of skilled researchers from around 
Australia, NZ and the USA with a strong track record of expertise in understanding bushfire 
and its impacts. These researchers, supported by a large number of trained field staff from 
fire agencies across Australia, gathered and collated as much information as possible in a 
time-critical period to ensure that this information was available for the longer-term research 
needs of the industry and to begin the lessons-learnt process.    
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OVERVIEW OF THE REPORT AND RESEARCH APPROACH  
 
This document is the final report on the outcomes of this work and has been provided to 
enable stakeholders to consider the matters identified by the researchers as part of the 
material available to inform the 2009 Victorian Bushfires Royal Commission. This report is 
supported by a substantial database of scientific observations, photographs and interviews 
collected by the research Taskforce and provided to the Victorian agencies.  
The main body of the report is made up of four chapters each covering one of the areas of 
investigation. These chapters have been written as ‘stand-alone’ documents by the 
individual research teams, with appendices covering details of the database, data 
management and supplementary information provided by the authors. While the specific 
research methodologies vary depending on the particular subject matter area, the broad 
research approach is consistent across the themes – that is, the researchers followed the 
steps identified below:  
 

• Observation (data collection), 
• Analysis, 
• Identification of patterns and trends, and  
• Consideration of existing models and assumptions.   

 
Details of the research method adopted and individual research questions in each of the 
thematic (project) areas are provided in the specific chapters of this report.    
 
The report is structured as follows:  
 
An overview and context for the study.  It includes a summary of findings, the current 
introduction, and understanding of the scope and limitations of the work, and identifies 
further work to be undertaken to complete Phase 1 of the project as agreed with the key 
stakeholders.  
 
Chapter One covers the area of fire investigation.  The key part of this work was the 
collection and documentation of in situ leaf freeze angle data that when added to other data 
sources can be used to reconstruct the passage of the fire.  This chapter and the 
accompanying maps do not in themselves provide information on the direction of spread of 
the fire but rather provide the visual clues and scientific underpinning that, combined with the 
other data sources, will be able to support such analysis. 
 
The data described in this chapter is supported by a large number of images that have been 
linked to the field observations in a geospatially referenced database.  
 
This chapter also provides important information to assist in understanding the events of 7th 
February in the context of other significant bushfire events in Victoria.   
  
Chapter Two covers the area of human behaviour and community safety.  This chapter 
includes discussion (and preliminary analysis) of the semi-structured interviews conducted 
with residents in affected areas in the weeks following the fires. It is important to note that 
while more than 600 interviews were conducted (and have now been transcribed); the 
analysis presented here is based on approximately 200 of these using key words based on 
the areas of interest identified in the project documentation. All interviews have been 
geospatially referenced and demographic data on respondents collected to enable more 
detailed investigation and segmented analysis as required.  
 
The work on human behaviour will be supplemented by a mail-out survey, which will be 
reported upon in a later report.   
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Chapter Three covers the area of building and land-use planning.  As part of the data 
collection exercise, researchers undertook a detailed survey of a sample of buildings in the 
fire-affected areas.  The aim of this was to better understand the factors impacting on the 
patterns of loss and survival. Survey questions cover building design and construction 
materials, along with the degree and cause of damage. In total, more than 1000 properties 
were surveyed; this data has been collated into a geospatial-referenced database that will be 
available to the agencies.   
 
Work in this section is supplemented by the use of remote-sensing imaging to provide an 
understanding of the terrain and the structure of the surrounding vegetation.  
The chapter provides a preliminary analysis of this data covering the areas of primary 
interest. 
 
Chapter Four is an analysis of the socio-demographic characteristics of the residents of the 
areas based upon the analysis of census data.    
 
Chapter Five provides integrative studies.  These studies show how the work of each of the 
research teams can be brought together to understand the interplay between fire behaviour, 
human behaviour, building and housing loss. At the time of writing, these integrative studies 
have been based on site inspection and discussion of the key data sets. However, they have 
not had the benefit of rigorous interrogation of the consolidated data set, which we expect to 
uncover substantial new learnings.  
 
The reporting of each of the thematic areas covered in this report has been subject to review 
by independent researchers with subject matter expertise in the relevant area. In each case, 
these reviewers have advised that the methodology applied and the data collection is 
consistent with good scientific practice in that discipline. They have also provided feedback 
to the researchers on any areas where they felt that the conclusions that had been drawn 
could not reasonably be drawn from the information presented. We are grateful to these 
independent experts and acknowledge their contribution to improving the outcomes of this 
work.   
 
 
LIMITATIONS 
 
It is important to recognize that this work was commissioned principally as a data-collection 
exercise to ensure that data that could be destroyed by time or human intervention was not 
lost in the aftermath of the fires. Further to this, the analysis provided here has been based 
on information collected by the Bushfire CRC research Taskforce only. This was not the only 
data collected in this period and much of this supplementary data will have information that 
could add further depth to the analysis in each of the sections. Specifically, this Taskforce 
has not had access to observational logs of fire service personnel or material collected by 
other agencies (most notably police fatality information and the Rapid Impact Assessment 
facilitated by the Office of the Emergency Services on behalf of the response agencies) or 
the detailed (post-event) weather reports collated by the Bureau of Meteorology. There is 
also a wealth of information available via various web pages that provide first-hand reports 
and visual images of fire behaviour and impacts in a variety of locations that can be 
interrogated in future work.  
 
Data collection in some areas was limited owing to access constraints. Researchers were 
not sent into areas where the fire was still active (and indeed were withdrawn from the field 
on the weekend of 14th–15th February when the bushfire danger was once again expected to 
be extreme). Researchers were also excluded from areas that were identified as fatality 
scenes or were the subject of criminal investigations. Access to other areas was also 
constrained until they were opened to the residents. This particularly restricted data 
collection in the Marysville area during February. 
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Further to this, owing to the timing required of this report, it has not been possible to analyse 
all of the data collected or to undertake the depth of analysis usually undertaken in such a 
study. It is particularly important to note that owing to the scale of the events and the time-
frames available, this report cannot provide detailed investigation of any individual event, 
location, or structure but rather considers the patterns evident as a result of these events.  
 
In this context, as noted above only a sample of the interviews conducted has been 
analysed and the full depth of the information collected in this manner has not been 
explored. Similarly, while some first integrative studies have been undertaken, these are 
based on the review of the information available and the expert knowledge of the 
researchers rather than by combining the data sets from each of the survey times.   
It is also important to note that at the time of writing, the outcomes of the mail-out survey (to 
be conducted as part of the Human Behaviour theme) are not available. These will be 
provided in a supplementary document. Details of the information collected by each of the 
teams are included in the relevant chapters of this report. 
 
In summary, the findings outlined in this report should be considered as preliminary based 
on the best available information at the time. They may be subject to amendment as 
additional information becomes available.  Notwithstanding this, the Bushfire CRC is 
confident that the information presented here has the benefit of robust data, sound scientific 
knowledge (based on the experience of the research leaders) and can provide insights that 
are valuable in understanding the factors contributing to the 7th February bushfires in 
Victoria.  
 
 
FIRE NAMING CONVENTIONS 
 
There have been a number of names attributed to the various fires during the course of the 
control activities. In order to avoid confusion, this report follows the following conventions. 
The table below shows the names of each fire for the DSE and CFA. The CFA have divided 
the Kilmore East and Murrindindi fires; however the DSE combines these into a complex 
divided by north–south terminology.  
 
CRC Fire name  CFA  DSE  
Churchill  Churchill  Churchill–Jeeralang  
Bunyip  Bunyip  Bunyip Sp–Bunyip Ridge Track  
Bendigo/Maiden Gully Maiden Gully  Eaglehawk–Bracewell Street  
Kilmore  Kilmore East  Kilmore East–Murrindindi Complex South  

Kilmore East–Murrindindi Complex North  Murrindindi/Yea  Murrindindi  
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SUMMARY FINDINGS 
 
FIRE BEHAVIOUR 
 
Bushfire behaviour covers everything a bushfire does – it includes the way a bushfire ignites, 
develops and grows its rate of spread, the characteristics of the flame front and all other 
phenomena associated with the moving fire. The key problem with understanding bushfire 
behaviour is that it involves a complex chemical reaction (combustion) moving though a fuel 
bed that varies in three dimensions across a variable topography and interacting with a 
turbulent atmosphere (principally wind) that varies widely in space and time.   
 
The fire behaviour chapter summarises data collected by the Fire Behaviour Investigation 
Team. The objective of the field-work was to collect data from fire spread indicators that 
could, in conjunction with other information about the time and location of the bushfires, be 
used to reconstruct the passage of the fires. Emphasis was given to collecting information 
from sources that would degrade rapidly or be lost forever with the passage of time following 
the fires. Fuel hazard assessments were based on the Victorian Overall Fuel Hazard Guide 
(McCarthy et al. 1999) and the Project Vesta Field Guide: Fuel Assessment and Fire 
Behaviour Prediction in Dry Eucalypt Forest (Gould et al. 2007b). 
 
 
PREVAILING AND HISTORIC WEATHER CONDITIONS  
 
Weather data obtained from the Bureau of Meteorology has also been presented to provide 
a context for conditions prior to and on the day of the fires.   
 
The cumulative effect of the successive years of below-normal rainfall in the decade prior to 
2009 is likely to have significantly affected groundwater levels, soil moisture and the dryness 
of large dead woody fuels such as stumps and fallen logs. Data from the Bureau of 
Meteorology showed that on 7th February 2009, the measures of drought and fuel dryness 
for some localised areas in the Yarra Valley were up to 50% below the normal levels 
expected at that time of year. Grassland-curing maps prepared from NOAA satellite imagery 
showed that by 7th February 2009, in the grasslands and pastures in the Upper Plenty 
Valley, Yarra Valley, eastern parts of the Goulburn Valley and Gippsland ranged from 65% 
to >95%.  At the same time areas to the north and west of the state were approaching full 
curing (>95%).  
 
Simulations suggest that owing to the very hot and dry conditions, the moisture content of 
the fine fuels was extremely low, resulting in high combustibility and increased available 
fuels. The very low overnight moisture content of the night of 6th February meant that, with 
the onset of hot dry conditions on the morning of 7th February, there was little moisture in the 
available fuel.  
 
The initial focus for the data collection was to obtain data that could be used to determine 
the location of the north-eastern flank of each fire prior to the wind change.   
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FINDINGS BY FIRE COMPLEX  
 
This report provides a description of key elements of the Bunyip, Kilmore, Bendigo, 
Churchill, and Murrindindi fires. Data has been organised and presented in a spatial context 
that will allow it to be linked to sources of information from other investigations undertaken 
by the Bushfire CRC Taskforce, information held by CFA, DSE and other agencies, and 
observations made by eyewitnesses to the events. 
Findings from this work will arise as the data is combined with other data sets derived 
through the CFA and DSE in future work. Notwithstanding this, the following observations 
can be made:  
 

• Bunyip This fire was reported to have first started on the early evening of 4th 
February at 1700 hrs. Over the next two days, the fire extent increased to 
approximately 170 ha. At some time early on the morning of 7th February, the fire 
broke containment lines constructed during the preceding days and travelled in a 
generally SE direction along timbered ranges for about 7 km and into adjoining 
farmland.  
 
Farmland was mainly pasture with a mix of dry dairy, grazing and meadow hay in a 
wide range of curing conditions depending on species and management practices. 
Windbreaks, roadside reserves and riparian areas along the Labertouche Creek were 
dominated by mealy stringy bark, also common in the farming landscape. Much of 
this remnant bushland was fully crown-scorched or in some places defoliated by 
crown fire, even those remnants located within otherwise unburnt paddocks. Within 
the extent of burnt area in farmland, Landsat images taken on 17th February show as 
much as half the area unburnt. It was difficult to determine if farmland areas were 
unburnt owing to low curing or suppression efforts. 
 
Topography appears to have strongly influenced fire behaviour following the wind 
change. On lee slopes away from the prevailing wind, the inferred direction of fire 
spread sometimes differed to the prevailing wind. Spot fires, or congregations of 
spots, were observed in at least four locations on line-scan imagery at distances of 8 
and 10 km from the head fire and forest edge respectively. Burnt area associated 
with these spots was as large as 100 ha.   
 
The extent of crown scorch and defoliation evident in satellite imagery appeared to 
be considerably reduced in the area burnt in a 2004 wildfire and a 2005 prescribed 
burn, suggesting lower fire intensity in these areas. This observation warrants a more 
systematic evaluation with supplementary field assessment and analysis of high-
resolution air photography.  
 

• Kilmore The point of origin of the fire was in the Saunders Road area near Kilmore 
East and the general direction of fire spread was initially to the SE through pasture 
and radiata pine plantation. The fire crossed the Hume Highway north of Wandong, 
skirting the northern edge of the town and the SE along the escarpment of the Hume 
Range, which becomes increasingly rugged and broken east of Humevale. Following 
the south-westerly wind change, the NE flank of the fire moved on a broad front 
through forested country on the Hume plateau and mixed agricultural lands extending 
between Kinglake West and Kinglake. The final perimeter reached just north of 
Flowerdale, Break O’Day and Glenburn. 
 

Fire spread indicators revealed a number of important characteristics of the Kilmore fire 
as follows: 
 
- the fire had a very elongated shape under the influence of north-westerly winds, with 

a length to breadth ratio of about 7:1; 
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- under the influence of north-westerly winds, the fire passed to the south of Kinglake 
West and did not impact on this community until after the south-westerly wind 
change; 

- patterns of fire spread became increasingly complex east of Humevale with fire 
spread indicators consistent with a head fire running under north-westerly winds and 
fire runs from the south or south-west associated with the wind change and localised 
terrain effects. This may have extended the period of time over which residents of 
ridge-top settlements and farms were subject to severe fire behaviour and led to 
uncertainty about which direction the fire was approaching from; 

- the Strathewen area appears to have been impacted by fire running on a north-
westerly wind and also by a major fire front approaching from the south; 

- much of the area north of the road between Pheasant Creek and Kinglake remained 
unburnt because of cultivated paddocks or incompletely cured pasture; 

- a number of areas burnt since 1995 had reduced levels of canopy scorch or had not 
burnt at all, suggesting that fire intensity was reduced because of younger fuels; 

- despite the dry conditions experienced in January 2009, green grass was observed 
in some paddocks on the Kinglake plateau, and fire did not spread continuously 
across these paddocks in spite of extensive spotting. 
 

• Bendigo Fire spread indicators for this area are consistent with fire spreading under 
north-westerly winds from the point of origin, at least to the stage where the fire 
crossed the road between West Bendigo and Long Gully; on the eastern side of this 
road, indicators are mostly consistent with winds from a south-westerly direction. The 
section of the north-east flank of the fire that burnt through the locality of California 
Gully was associated with indicators of spread under south-westerly winds, as were a 
number of smaller burnt areas around Eaglehawk and Long Gully, which could have 
been ignited by spotting following the south-westerly change. 
 

• Churchill Ignition points for this fire were on the southern side of Glen Donald Road, 
3 km SE of the town of Churchill.  Smoke was detected at 1335 hrs, with fires 
reportedly ignited in roadside grass, but rapidly spreading uphill into a 15-year-old 
blue gum plantation, intensifying and crossing Jelleff’s Outlet Road under the 
influence of strong NW winds. The fire continued spreading SE, pushed by the NW 
winds and aided by positive slopes, which took the fire into complex terrain within the 
Strzelecki Ranges. The SE run ended near Balook (~15 km from ignition point) 
probably owing to the arrival of the wind change.  
 
Apart from post-harvest residue burning, fire has largely been excluded from forested 
areas within the fire perimeter since 1939. As the forest is productive and receives 
reliable high rainfall, there has been very considerable build-up of fuel during this 
period. Grasses were less than 60% cured in many parts, particularly at the bottom of 
valleys and creek lines.  
 
Fire spread is likely to have involved substantial spotting as evidenced by the number 
of spot fires outside the final perimeter of the main fire. There were more of these 
than indicated on the official fire maps, though these tended to be much less intense 
than the main fire.  
 

• Murrundindi The fire initially spread SE from a point of origin near Murrindindi Mill. 
The fire was narrow, with its eastern flank somewhere between the Murrindindi River 
and Black Range Rd. Evidence of spotting and NE spread near Bull Creek Rd 
suggests this was as far as the fire progressed in this direction before the wind 
change. After the wind change, the fire spread NE towards Marysville and the 
Goulburn Valley Highway.  
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Indicators in this area were mostly consistent with fire run under north-westerly 
winds, but in at least one place suggested up-slope fire spread contrary to the 
prevailing wind during this phase of the fire run. Indicators in and around Marysville 
were predominantly for south-westerly winds, although with some examples of fire 
spread direction apparently terrain-dominated. Based on the location of several 
observation points showing inferred south-westerly wind direction and the presence 
of linear patterns of scorched tree crowns, the width of the head fire burning under 
north-westerly winds appears to have been about 5 km, resulting in a length to 
breadth ratio of about 5:1. 
 
 

SPOTTING 
 
Spotting appears to have been an important means of fire spread on 7th February, facilitating 
fire spread from one ridge-top to the next in areas of broken terrain, and carrying the fire 
across areas of sparse eaten-out pasture or, at higher elevation, across areas where grass 
was less than fully cured and might otherwise have arrested fire spread. In situations where 
topography was broken, such as along the southern escarpment of the Hume Range, this 
capacity for significant lofting of firebrands translated into significant potential for massive 
short-distance (0–200 m) and medium-distance (200–1000 m) spotting. 
 

In the case of the Churchill fire, the spread is likely to have involved substantial spotting as 
evidenced by the number of spot fires outside the final perimeter of the main fire. A number 
of long-distance spots from the initial fire run under north-westerly winds reached around 22 
km from the main fire perimeter. 
 
By way of comparison, spotting distances predicted by the McArthur Forest Fire Danger 
Meter (FFDM) range from 3.6 km for Bendigo to 11 km for the Kilmore East fire. Spotting 
distances predicted by the Project Vesta field guide range from 0.7 km for the Bendigo fire to 
between 6.5 and 7.4 km for the other fires, which is the highest value currently provided for 
in the tables.  
 
 
COMPARISON WITH PREVIOUS FIRE EVENTS  
 
The combination of prevailing and historical weather conditions is important as there is a 
strong association between drought and the occurrence of major bushfires in central and 
eastern Victoria. In Victoria, there have been a number of days in which the weather has 
resulted in disastrous wildfire conditions: Black Friday (13th January 1939), Western Districts 
(12th February 1977) and Ash Wednesday (16th February 1983). Of these, Black Friday 
provides the closest set of conditions for comparison with 7th February 2009. The 1977 
Western Districts fires are unique here as they were predominantly grass fires and not 
associated with rainfall deficit. The Canberra fires of January 2003 occurred under slightly 
lower temperatures than 7th February, but where very low relative humidity’s resulted in 
extremely dry fuels and very-high-intensity wildfire behaviour. 
 
 
APPLICATION OF EXISTING MODELS  
 
The project plan prepared for the Bushfire CRC Research Taskforce posed the question of 
whether the fires of 7th February 2009 behaved in a manner that was consistent with existing 
fire behaviour models. This is an important question as it relates directly to planning for 
emergency response, and also to the direction of future fire behaviour research in Australia. 
 
Proper evaluation of the performance of existing fire behaviour prediction guides requires 
detailed reconstruction of the path of spread of each of the major fires using weather data, 
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fire spread direction indicators and reliable information about the position of the fire 
perimeter at various times during the day as each fire developed; information about the 
location of spot fires ahead of the main fire front is also required. The Bushfire CRC Fire 
Behaviour Team was not able to access time-specific observations of fire location during the 
preparation of this report and so a detailed reconstruction of fire spread is not presented 
here. However, to facilitate a preliminary evaluation of existing fire behaviour guides, 
information sourced from publicly available weather observations, maps, and eyewitness 
accounts of fire behaviour was used to determine the distance travelled and average rate of 
spread prior to the wind change on 7th February. No reliable information was available about 
the duration of run of the Bunyip fire and hence a rate of spread has not been determined. 
 

• The Bendigo fire spread faster by a factor of two to three times than predicted by 
either the FFDM or the Project Vesta model, possibly because the very open nature 
of the forest at Bendigo resulted in higher wind speeds under the canopy than 
assumed by either model.  

• The observed rate of spread of the Churchill fires was intermediate between the 
prediction from the FFDM and the Project Vesta model.  

• The Kilmore East and Murrundindi fires spread two to three times faster than 
predicted by the FFDM, and up to 1.5 times faster than predicted by the Project 
Vesta model. 

• Rates of spread observed on 7th February are within the range reported previously 
for eucalypt forest burning under extreme fire danger conditions on Ash Wednesday 
1983 at Trentham and Deans Marsh (Rawson et al. 1983). 

 
It needs to be recognized that these simple predictions make no allowance for the 
contribution of spotting to the spread of the fire, which is unlikely to be a valid assumption 
under the extreme fire danger conditions that prevailed on 7th February. 
 
 
FINDINGS 
 
The fire behaviour analysis can draw the following broad findings from the work carried out 
so far: 
 

• Spotting ahead of the main fire front played a significant part in the forward rate of 
spread of all the fires. 

• The current fire behaviour meters under predict the forward rate of spread seen on 
the day. 

• Further work is required to understand the detailed progression of the fire across the 
landscape. 
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HUMAN BEHAVIOUR 
 
This report has documented the findings of research into human behaviour and community 
safety issues during the bushfires of 7th February 2009. Findings relating to residents’ 
planning and preparedness for the bushfires, information and warnings, intentions and 
actions, and emerging issues and themes have been presented. Owing to the timeframe for 
this Report, it was not possible to read and analyse all of the interview transcripts. The 
analysis detailed in this report is based on 301, or roughly one-half, of the interview 
transcripts. To summarise, the key findings of the preliminary analysis suggest the following: 
 
 
PLANNING AND PREPAREDNESS 
 

• Many residents were not prepared for the severity of the February 7th bushfires. 
 

• Many interviewees living in more suburban locations had not planned or prepared for 
bushfires because they did not consider themselves at risk. 

 
• A considerable amount of last-minute planning and preparation took place on the 

day. 
 

• There are many examples of ‘weak links’ in people’s planning and preparation that 
affected their ability to implement their fire plan. 

 
INFORMATION AND WARNINGS 
 

• Agencies such as the CFA and local councils had been only modestly successful in 
informing members of at-risk communities about effective preparation and planning 
for bushfires. 

 
• Predictions in the preceding week were that Saturday 7th

 

 February was to be a day of 
unprecedented fire danger. There was only modest awareness of the implications of 
this in the community. 

• The lack of timely information about developing threats to St Andrews, Strathewen, 
Kinglake, Kinglake West, Narbethong and Marysville may have contributed to many 
people being surprised by the sudden impact of the fire. 

 
• Environmental cues such as smoke were important in alerting people to developing 

threats and in many instances prompted an active search for more information or a 
decision to leave or initiate defence. 

 
INTENTIONS AND ACTIONS 
 

• Half of the households represented in the interview sample reported at least one 
household member whose intention was to stay and defend. The perceived success 
of the ‘stay and defend’ strategy in past bushfires appears to have influenced 
people’s intentions to stay and defend. 

 
• A quarter of households in the interview sample reported at least one household 

member whose intention was to leave during a bushfire. Beliefs about the 
survivability of houses and their safety as a refuge during bushfires were paramount.  

 
• A significant number of residents intended to wait and see what the bushfires were 

like before deciding whether to stay or go. These residents wanted to stay and 
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defend their homes and properties, but were not fully committed or confident in their 
ability to do so in all conditions. 

 
• Approximately 10% of interviewees had not previously considered how they would 

respond to a bushfire. These residents typically lived in more suburban locations and 
did not consider themselves to be at risk from bushfires. 

 
• Less than half (approx. 45%) of the households in the interview sample reported that 

a household member stayed to defend. Some of those who intended to stay and 
defend left because of the severe conditions. 

 
• More than half (approx. 55%) of the households in the interview sample reported that 

a household member left because of the fires. There appear to have been many late 
evacuations. 

 
• A very small number of interviewees sheltered passively throughout the fire. 

 
• Some of those who stayed to defend may have exposed themselves to considerable 

danger by moving around fire-affected areas. 
 
EMERGING ISSUES AND THEMES 
 

• It appears that many residents endeavoured to return to their properties as soon as 
possible after the main fire danger has passed. There are many reasons for wanting 
to return, but the desire to check on the status of and defend property appears to be 
an important driver of behaviour. 

 
• Many community members regarded public buildings, ovals and emergency services 

facilities as safe places of refuge during a bushfire. There is some evidence of 
support for purpose-built community shelters in which residents can take shelter 
during a bushfire. 

 
• Some of those who stayed to defend their homes and properties reported a range of 

factors that influenced their capacity to defend. These included heat exhaustion, 
dehydration, breathing difficulties, and eye irritation. A range of pre-existing medical 
conditions, such as asthma and arthritis, also inhibited some people’s capacity to 
defend. 

 
• Anecdotal evidence suggests that many of those who sheltered passively inside their 

homes may have done so in bathrooms. 
 
 
 
BUILDING AND PLANNING 
 
A detailed dataset has been established that can assist further analysis for future planning 
and building codes reform. The opportunities of spatial data capture have only begun to be 
explored in the analysis of this dataset. From the preliminary analysis performed, the 
following conclusions can be made: 

• Over 1000 houses have been surveyed to form a representative sample of houses 
lost in these fires. 

• Active defence of structures has a major influence on house survival. 
• Building quality, detail and possibly house age appear to be factors influencing the 

likelihood of house loss. 
• Brick houses performed significantly better than mud brick and light-weight 

constructions clad with timber and cellulose cement sheet. 
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• The potential for wind damage of structures should be a key factor in future building 
consideration in bushfire-prone areas. 

• Approximately 20% of house loss in the chosen study areas appears to be directly 
related to their immediate proximity to adjacent forest fuels. 

• House loss has occurred at distances greater than 380 m from continuous forest, and 
this figure may be substantially greater once a broader set of houses is analysed. 

• Over half of the surveyed houses lost in the February 7th fires were not in regions 
classified by a Wildfire Management Overlay. 

• Metal and concrete water tanks are more likely to maintain an effective water supply 
for house defence than polyethylene and fibreglass tanks. 

• Design, location and degree of protection of water pump and pipe-work are important 
factors in maintaining an effective water supply throughout the fire event. 

• Mains water pressure and mains electricity cannot be relied upon during the fire 
event. 

• Vegetation overhanging or immediately adjacent to houses, whether it is isolated or 
continuous, is a key factor influencing the likelihood of house loss. 
 
 

DEMOGRAPHICS 
 
This chapter has included a new indicator – the number of unoccupied homes – collected 
during the census and from the Australian Bureau of Statistics. The analysis of this indicator 
has shown that some of the areas affected by the bushfires of February 2009 had a 
significant number of unoccupied homes on census night. This measure indicates the 
number of second homes, that is, holiday homes or weekenders. While we can make some 
assumptions about the significance of this indicator, further work investigating the link 
between the number of unoccupied homes, fatalities and house loss is warranted. Marysville 
provides an opportunity to test this relationship, with a high number of fatalities, house 
losses and unoccupied homes. 
 
FURTHER WORK 
 
The work covered by this report is primarily to gather data. In the aftermath of the fires, there 
was a wide range of information collected by the Victorian agencies as part of the 
investigative and community recovery and restoration actions. As discussed above, some 
analysis has been conducted on these data sets. There are ongoing discussions for the 
ongoing analysis of the data collected by the Bushfire CRC Taskforce and the consolidation 
of this data with that collected by other. 
 
It is now imperative that the various Government agencies consider what research is 
required in order to gather the learnings and ensure that future policy considerations are 
based upon consideration of the data outlined in this report. The Victorian agencies should 
also consider the degree to which they would seek the data collected by the Bushfire CRC to 
be linked to that of other bodies in future phases of this work. 
 
It is further envisaged that the recently announced $15M extension to the Bushfire CRC’s 
funding to examine issues arising from the Victorian Fires, will be partially used to undertake 
further analysis. There are many opportunities for further detailed analysis over and above 
the work to be undertaken from July 2010 under the Bushfire CRC extension. 
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Fire Behaviour Investigation 
 
This report into the investigation of behaviour of the fires of 7th February 2009 is 
based on the best available information at the time of writing and is subject to change 
if new evidence or information presented during the Royal Commission hearings or 
other reports on fire progression and behaviour that were not available to the 
Bushfire CRC taskforce become available. 
 
1. Introduction 
 
This section of the Bushfire CRC Report on the Victorian Bushfire Research 
Taskforce summarises field data collected by the Fire Behaviour Investigation Team 
during a five week period following the 7th February Victorian bushfires. These data 
primarily consist of information based on in situ observations of scorched leaf freeze 
angle that, in conjunction with other information about the time and location of the 
bushfires not collected in this research, may be used to reconstruct the passage of 
the fires. Data reported here does not of itself provide information about the direction 
of spread or speed of the bushfires, but provides visual cues for the likely behaviour 
and spread of the bushfires that must be confirmed by other means that may include 
video and/or still imagery, and interviews with firefighting personnel and residents 
who witnessed the passage of the fires. 
 
The data are presented along with ancillary information in order to provide context for 
both the data and the events of 7th February. This ancillary information includes 
information about the nature of fire behaviour and methods for predicting it, 
antecedent weather and fuel conditions leading up to 7th February, and discussion of 
other significant bushfire events that have occurred in south-eastern Australia.  
 
 
2. Background information 
 
2.1 Fundamentals of bushfire behaviour 
 
Bushfire behaviour is everything a bushfire does. It covers the way a bushfire ignites, 
develops and grows, its rate of spread, the characteristics of the flame front and all 
other phenomena associated with the moving fire front. Most of the research effort in 
bushfire behaviour has focused on prediction of forward rate of spread, the 
dimension of the flames and the likelihood of firebrands being thrown ahead of the 
fire to start new fires (i.e. spotfires). To date, it has not been possible to apply 
traditional physical theory to the prediction of fire spread. The problem involves a 
chaotic chemical reaction (combustion) moving through a fuel bed that varies 
spatially in three dimensions, across a variable topography and interacting with a 
turbulent atmosphere (principally the wind) that varies widely both in space and time. 
Prediction of bushfire behaviour at any specific point in space or time usually has a 
wide margin of error because it is difficult to know the fuel that will be consumed, the 
direction and speed of the wind that will affect the combustion process at that point, 
and the interactions of all the processes involved in determining the behaviour of a 
bushfire. 
 
Notwithstanding this, as a bushfire builds up from ignition, it does reach a quasi-
steady rate of spread that can be correlated to some mean value or characteristics of 
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the fuel and the mean wind speed measured at a standard location. The error in 
prediction is reduced by selecting a suitable period of time (often 30 minutes or more) 
to encompass the inherent variation in wind and fuel. Key factors that influence fire 
spread are the fuel characteristics, the moisture content of the dead fuel, the slope of 
the ground, the wind speed and its orientation to the fire. Mostly, predictions are 
made for the fastest moving part of the fire called the head fire which spreads 
generally in the direction of the wind. 
 
 
2.2 Fuel 
 
Fuel is a generic term for anything that combusts and provides energy to the fire. In a 
bushfire fuel is generally formed by the vegetation: leaves, bark, twigs, branches, 
trees, etc.  Not all this fuel will be consumed in all bushfires. The availability of fuel is 
determined by its combustibility as well as the intensity of the fire. Higher intensity 
fires will consume larger and taller fuel elements than a lower intensity fire, for 
example.  
 
The characteristics of the fuel that influence the spread and behaviour of a bushfire 
are primarily those factors that influence the speed of ignition of the fuel particle and 
the length of the flame. These include: 
 

• fineness of the fuel particle (the finer the particle the faster it will ignite); 
• height of the fuel bed (the higher the fuel bed the longer the flames);  
• compactness of the fuel bed which determines whether the fire first burns 

across the top of the fuel bed and then down into lower layers or whether the 
fuel is mostly consumed at the same time. There is an optimum compaction 
that yields the maximum rate of spread: 

o if the fuel is too compact  the fire will spread slowly; or, 
o if the fuel is too widely spaced the flames from one fuel particle cannot 

easily heat and ignite the next fuel particle; 
• amount of water held by the dead fuel, determined by the antecedent weather 

conditions; 
• fraction of live to dead material (green material generally has a moisture level 

greater than 120 percent ODW and must be dried out by fire before it will 
burn. Green material can act as both a damper to fire spread or it can 
contribute to the length of flame particularly if it is fine and elevated above the 
surface fuel; after prolonged drought the live moisture content can reduce to 
80% and require less heat for ignition); 

• total amount of fuel consumed; and, 
• continuity of the fuel bed. 

 
These factors are difficult to describe numerically in detail across the landscape. To 
overcome this, fuel may be grouped into specific types with similar characteristics 
(e.g. grassland, scrubland (heath) and forest fuel) and a number of conventions have 
been adopted. It is generally accepted that the fuel contributing most to the flame 
front, and thereby contributes to the heat flux that ignites new fuel is the fine fuel 
<6mm diameter. Fuel larger than this diameter either does not ignite or burns well 
behind the leading edge of the fire and does not contribute to the flame front. 
 
Although these groupings and conventions may be seen as an over-simplification of 
the structure of fuels it has allowed the amount of fine fuel (i.e. fine fuel load) to be a 
predictor variable for fire spread and has appeared to work reasonably well provided 
it was used only for prediction in a specific fuel type  (McArthur 1967, Sneeuwjagt 
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and Peet 1985 but see also McCaw et al. 2008).  In the case of grasslands, 
experimental studies have shown that the height of the grass sward has a greater 
effect on fire behavior than does the fuel load (Cheney and Sullivan 2008).  For the 
purpose of fire behavior prediction the CSIRO Grassland Fire Spread Model 
recognizes three separate fuel states (natural, grazed and eaten-out) that represent 
different conditions of grass fuel height and continuity. 
 
Fuel that remains unburnt or partially burnt after the passage of a bushfire can 
provide an indication of the likely behaviour and intensity of fire front as it passed, 
although it is not possible to determine whether fuel that was burnt was consumed 
during the passage of the front or afterwards. 
 
 
2.3 Weather 
 
Important weather variables that influence the spread and behaviour of a bushfire are 
those that determine the moisture content of the dead fuel (dictating the 
combustibility and amount of fuel available) and those that provide the dynamic force 
to drive the fire forward. These are: 
 
2.3.1 Rainfall   
The amount and duration of rain not only determines the immediate moisture content 
of the fine fuel but also, over a longer period, determines the amount and type of 
available fuel. Several indices of drought have been developed to predict the amount 
of forest fuel available for combustion. The level of drought determines the seasonal 
severity of fire season and the potential for conflagration fires in either forest or 
grasslands. Fires can burn severely in dry forest early in the season before grass has 
fully cured and is capable of carrying a moving fire (e.g. Linton fire Victoria, 
December 1998).   
 
A conflagration grassfire can occur after a short drought period of 6–8 weeks 
following senescence in which all grasses become fully cured, usually after a wet 
spring provided abundant grass growth (McArthur 1966). Under these conditions the 
tall wet forests and montane forests are usually too moist to support a severe fire. 
 
After a period of prolonged drought, all surface fuels in forests may become available 
to be burnt, including those in tall wet forests and forests in montane areas. Natural 
barriers such as wet soaks, swamps, riparian areas and shallow lakes, that may be 
effective in stopping a bushfire in a normal fire season, dry out and become less 
effective in stopping a bushfire. Fires can then become extremely difficult to suppress 
even under mild weather conditions. During these seasons grasslands are usually 
heavily grazed and eaten-out and grassfires will spread relatively slowly and be 
relatively easy to suppress. 
 
2.3.2 Air temperature and relative humidity 
These weather variables determine the moisture content of the dead fuel through the 
uptake of water vapour from the atmosphere and moisture from soils. Air temperature 
and relative humidity generally follow a diurnal cycle, with air temperature increasing 
throughout the day, peaking in mid-afternoon and then decreasing. Relative humidity 
mirrors air temperature, decreasing through the day, typically reaching a minimum in 
mid-afternoon and then increasing during the night. Uptake of moisture in fuels lags 
behind the change in temperature and relative humidity meaning that fuels may be 
most moist at night and driest in the late afternoon. See Section 2.6 for more 
information on fuel moisture content. 
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2.3.3 Wind 
The wind speed is the dynamic force that drives a bushfire forward. Wind can change 
in strength and direction extremely rapidly due to turbulence in the atmospheric 
boundary layer. Both forest and grass fires will respond almost immediately to 
changes in wind. 
 
Other weather variables that affect fire behaviour include solar radiation, atmospheric 
stability and upper wind strength. The interaction between the convection of the fire 
and the wind field above the fire can influence the surface wind in and around the 
combustion zone. This interaction is poorly understood and future advances in fire 
behaviour understanding will probably come through research that links the 
convection of the fire to the circulation in the lower atmosphere. 
 
2.4 Drought Index 
 
There are two systems for assessing seasonal dryness that are used in Australia.  
These are the Keetch-Byram drought index (KBDI) (Keetch and Byram 1968) and the 
Mount soil dryness index (SDI) (Mount 1972). Both systems employ a bookkeeping 
method for tracking soil moisture loss and recharge and use simplified evapo-
transpiration relationships based on daily maximum temperature to estimate moisture 
loss and daily rainfall corrected for interception by forest canopies for recharge.  
 
The KBDI has a scale of 0-200 mm (0 = soil at field capacity, 200 = soil at wilting 
point moisture).  Correlation of the index with forest fire behaviour was made by A G 
McArthur in South Eastern NSW in 1965 (McArthur 1966). McArthur observed that 
severe forest fires in mountain country occurred when the drought index exceeded 
100 mm when all the fine fuel and much of the course fuel on the forest floor dried 
out sufficiently to burn regardless of its position in the terrain. McArthur also found 
that when the KBDI did not reduce to zero for two or three months over the winter 
period, severe forest fires could be expected at an index value less than a hundred 
the following spring and summer. The KBDI was introduced into operational practice 
in Australia in 1966. The Mount SDI is used in Tasmania and Western Australia 
where it has been calibrated against soil and woody fuel moisture content and 
correlated with the extent of fuel removal and difficulty of fire suppression (Burrows 
1987). 
 
2.5 Drought Factor 
 
The McArthur forest fire danger rating system (McArthur 1967) uses a short-term 
index of fuel dryness, called the drought factor, to reflect the effect of recent rainfall 
on the amount of fuel that is available for burning. This index has a scale of 1 to 10 
where a drought factor of 10 is reached when the Keetch-Byram drought index 
exceeds 100 and there has been no recent rain. This means that all the fine fuel 
within the fuel bed is available for burning. The drought factor is not increased above 
10 even though the Keetch-Byram drought index may rise higher. Although large logs 
continue to dry out as the severity of drought increases (and dams dry out and 
eventually trees die) the total amount of combustible fine fuel on the ground does not 
increase as it is already available.   
 
Rainfall events can reduce the drought factor without substantially reducing the 
Keetch-Byram drought index. Generalised drying curves for litter beds reduce the 
impact of rainfall events with time after the rain. 
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2.6 Diurnal Change of Fine Fuel Moisture 
 
The moisture held in the fine fuel (litter, twigs and bark less than 6 mm thickness) is 
determined by the water vapour in the atmosphere and is correlated with ambient 
temperature and relative humidity. The amount of moisture that can be held in a fuel 
particle in the field ranges from a minimum of about 3% to around 35% when the 
fibres of the fuel particle become saturated and free moisture forms between the fuel 
particles. At a fuel moisture level around 20% combustion cannot be sustained and 
fires in grass or eucalypt litter will die out. This moisture level can be increased 
through the actions of wind. 
 
As noted previously, air temperature and relative humidity exhibit a diurnal variation 
as the land surface is heated by the sun. Air temperature typically reaches a 
maximum in mid to late afternoon and a minimum around 0600 hours in the morning, 
although this pattern can be modified significantly by the prevailing wind direction and 
local terrain influences. Diurnal change in relative humidity mirrors the change in 
temperature. The pattern of change of fuel moisture in eucalypt litter and other fine 
fuel is similar to that of humidity but lags by two or three hours. This change in 
moisture means that the fire danger also exhibits a diurnal fluctuation and although 
the drought indices maybe high the fire danger can drop to a low level at night when 
the fine fuels have absorbed sufficient moisture so that they cannot burn.   
 
The importance of the high drought index is that large fuel components such as 
branches, logs or hollow standing trees do not respond to the diurnal change in  
moisture and once alight remain burning through the night and can provide numerous 
ignition points to ignite the entire fire perimeter when the fine fuels start to dry out 
during the morning.   
 
2.7 Topography 
 
The interaction of weather, fuel and the fire within the landscape is very complex. 
Terrain can have a dramatic effect on the speed and direction of the wind near the 
ground. Gullys and valleys can channel wind flow, establishing local wind directions 
and conditions. Mountain ranges will lift surface winds to higher altitudes, changing 
the temperature and moisture in the air. Wind speed will be accelerated on windward 
slopes so that ridge-top winds will be stronger than winds in free air of the same 
level. Separation of wind flow across hills and ridges can generate turbulence and 
flow contrary to prevailing synoptic winds on leeward slopes. Under strong winds it is 
very difficult to predict the direction and strength of winds in the valley and lee slopes 
of rugged terrain.   
 
The two features of the topography that most influence fire behaviour are aspect and 
slope: 
 
2.7.1 Aspect 
Aspect dictates the amount of solar radiation received by surface fuels. In the 
southern hemisphere north facing aspects will receive more solar radiation than 
south facing aspects. Early in the fire season the aspect of the terrain has a strong 
influence on the moisture content of forest fuel. Southerly and easterly aspects will 
dry slower than northerly and westerly aspects. In mild fire seasons southerly 
aspects may remain moist and fires will burn slowly throughout the summer. 
However, after a period of moderate drought and by early summer fuel on all aspects 
may become uniformly dry so that the main influence on fire behaviour is then the 
orientation of the aspect to the prevailing wind.  
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2.7.2 Slope 
The slope of the ground, when aligned with the direction of the prevailing wind, has a 
strong influence on fire behaviour. The rate of spread of a fire up a slope of 10 
degrees will generally be double the rate of spread of the fire on level ground and up 
a slope of 20 degrees will generally be four times the rate of spread of the fire on 
level ground.   
 
The interaction between the wind, the terrain and the convection from the fire is 
complex but generally under low wind speeds, the direction of fire spread is largely 
dominated by the slope of the terrain and fires can spread rapidly upslope in the 
opposite direction to the prevailing wind. Under high wind speeds the direction of 
spread is dominated by the wind direction.  In forest fuels, the process of spotting 
(fire brands being carried a head of the main fire that start new fires) allows the fire to 
spread rapidly across the topography and overcomes the retarding effect of a 
negative (in the direction of the wind) slope. 
 
2.8 Fire intensity 
 
Fire intensity is a calculated number that represents the rate at which heat is 
released from a lineal segment of the fire perimeter. Expressed in kilowatts per metre 
of fire edge (kW/m), it is given by the equation: 
 

I = H × w × R 
 
where H is that the yield of the fuel burnt (kJ/kg), w is the amount of fuel consumed 
(kg/m2), and R is the rate of spread (m/s).   
 
The intensity of the fire varies around the perimeter because the rate of spread of 
each section of fire perimeter varies depending on its location in relation to the 
prevailing wind. At the head of the fire where the rate of spread is greatest the fire 
intensity is greatest, and that the back of the fire where the rate of spread is least the 
intensity is least.  Fire intensity is normally quoted for the head fire unless otherwise 
specified and is the maximum for the whole perimeter. 
 
The intensity of a grass fire may range from 10 kW/m for a slow-moving backing fire 
in light fuels to around 60,000 kW/m at the head of a very fast wildfire. The intensity 
of a forest fire can range from 50 kW/m to a maximum of around 100,000 kW/m for a 
fire burning under extreme fire danger conditions in heavy fuels. 
 
The calculated fire intensity figure is useful for comparing fires in the same fuel type.  
However, because fire behaviour and a rate of spread depends on the structure of 
fuel as well as the available fuel load, fires in fuels that are structurally very different 
will have very different fire behaviour for the same calculated fire intensity. 
Nevertheless, fire intensity is useful to illustrate the changes in fire behaviour such as 
flame height and length and for providing estimates of capacity for suppression by 
different techniques in the same forest type. 
 
3. Fire weather conditions of 7th February 2009 – Overview  
 
This report presents an overview of the fire weather conditions leading up to and 
including the 7th February 2009 and is based on data sourced from the Bureau of 
Meteorology. For a more comprehensive analysis of climate and weather relevant to 
the fires readers are referred to the report to the Royal Commission prepared by the 
Bureau of Meteorology (2009).  
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3.1 Rainfall 
 
There is a strong association between drought and the occurrence of major bushfires 
in central and eastern Victoria. Monthly rainfall observations for the period March 
2008 to February 2009 at Toorourrong Reservoir (elevation 219 m above sea level 
(ASL)) (Fig.FB-1) and Wallaby Creek (488 m ASL) (Fig. FB-2) are used to illustrate 
rainfall patterns at low and medium elevation sites within the Kilmore East fire 
complex as an example of general rainfall patterns across fire-affected areas of 
central Victoria. Both sites have a long and reliable observation record with 
continuous records since 1885 at Wallaby Creek and since 1893 at Toorourrong 
Reservoir.  
 
Rainfall was below normal at both these sites during 2008: 
 

• annual rainfall in 2008 at Toorourrong Reservoir was 663 mm compared with 
long term median rainfall of 814 mm. Rainfall was below normal during 
autumn and early spring but above normal in November and December with 
monthly totals of 104 mm and 96 mm respectively. Only 1 mm was recorded 
during January 2009 compared with the long term median rainfall for January 
of 55 mm . 

• annual rainfall in 2008 at Wallaby Creek was 940 mm compared with long 
term median rainfall of 1223 mm. Rainfall was below normal during autumn 
and early spring but above normal in November and December with monthly 
totals of 146 mm and 117 mm respectively. Only 2.8 mm was recorded during 
January 2009 much less than the long term median rainfall for January of 60 
mm . 

 
 
The cumulative effect of successive years of below normal rainfall in the decade prior 
to 2009 is likely to have significantly affected groundwater levels, soil moisture and 
the dryness of large dead woody fuels such as stumps and fallen logs. For the 
decade January 1999 to December 2008 cumulative annual rainfall was 885 mm 
below normal at Toorourrong Reservoir and 1877 mm below normal at Wallaby 
Creek. This trend of cumulative rainfall deficit is exhibited across most of Victoria with 
the 12 year period from February 1997 to January 2009 being very much below 
average or lowest on record (Bureau of Meteorology 2009)  
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Figure FB-1. Observed rainfall (mm) at Toorourrong Reservoir for the period March 2008 to 
February 2009 compared with long-term monthly median rainfall (1893 to 2009). 
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Figure FB-2. Observed rainfall (mm) at Wallaby Creek for the period March 2008 to February 
2009 compared with monthly median rainfall (1885 to 2009). 
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3.2 Drought and fuel dryness 

 
Gridded data at 10 km resolution provided by the Bureau of Meteorology showed that 
on 7 February 2009 the area north and east of Melbourne had KBDI values greater 
than 100 with a localized area in the Yarra Valley at values between 125 and 150 
(Fig. FB-3). These values are at least 50 points above the normal level expected at 
this time of year. 
 

 
Figure FB-3. Keetch Byram Drought Index for south-eastern Australia on 7 February 2009 
showing calculated actual value (left) and daily anomaly (right). Contours show values for 
actual and anomaly (Source: BoM 2009). Data are calculated from gridded fields of rainfall 
and maximum temperature.  Contours show values for actual and anomaly values. For actual 
KBDI, green shading indicates low values (<50) and yellow shading indicate high values 
(>150). For KBDI anomaly green shading indicates small anomaly (<25) and orange shading 
indicates large anomaly (>50). 
 
 
   

 
Figure FB-4. Drought Factor for south-eastern Australia on 7 February 2009 (Source: BoM 
2009).  
 
Most of Victoria had a DF of 9.5 or greater on 7 February 2009 except for parts of the 
Otways and the Alpine area (Fig. FB-4). This indicates a high level of potential fuel 
availability in open eucalypt forests. 
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3.3 Grass curing 
 
Grass curing maps prepared from NOAA satellite imagery (Fig. FB-5) showed that by 
7th February grasslands and pastures in the north and west of the state were 
approaching full curing (>95%). Curing ranged from 65% to >95% in the Upper 
Plenty Valley, Yarra Valley, eastern parts of the Goulburn Valley and Gippsland. The 
level of grass curing in early February in pastures at the base of the Hume Range 
escarpment is illustrated in Fig. FB-6. Curing was less advanced at higher elevation 
sites in central Victoria which had remained moister and cooler during January, and 
in moist sites along rivers and gullies (Fig. FB-7).  

 
Figure FB-5. Grass curing on 6 February 2009 assessed from NOAA satellite imagery. Areas of predominantly 
forest vegetation cover are covered by a non-grassland mask. 
 

 
Figure FB-6. View north east towards the escarpment of the Hume Range adjacent to the southern edge of the 
Kilmore East fire showing unburnt fully cured pasture at low elevation. Photo taken 15 February 2009. 
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Figure FB-7. Pasture at Kinglake West within the Kilmore East fire showing evidence of incomplete curing (curing 
estimated to be ~40-60%) sufficient to limit fire spread on 7 February. The direction of fire spread was from the 
right to left side of the photo (SW to NE) and partial and incomplete combustion can be seen in the paddock to the 
right.  Photo taken 15 February 2009. 
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4. Weather on 7 February 2009 
 
4.1 Upper atmospheric conditions 
 
Temperatures throughout Victoria were very high, exceeding 45oC in many places 
(Bureau of Meteorology 2009). Much of the reason for this was a deep pool of very 
hot air over the southeastern part of Australia that had been generated over the 
previous few days. A consequence was that during the day over central Victoria once 
temperatures reached about 41-42°C, dry convective thermals would mix freely from 
the surface to above 5 km. This surface-based layer in which free convective mixing 
can occur is known as the mixed layer. 
 
The vertical profile of temperature and humidity through the atmosphere observed by 
the Melbourne Airport radiosonde at 0000 UTC (1100 EDST) on 7 February 2009 is 
shown in Fig. FB-8. This shows the temperature (right hand red line) and dewpoint 
temperature (left-hand red line) as a function of pressure (ordinate, brown labels) 
with a height scale shown in black. The temperature axis is “skewed” to compensate 
for the normal decrease of temperature with height in the atmosphere. Dashed green 
lines running from lower right to upper left are the “dry adiabats”, and are the 
temperature that a parcel lifted from the surface would be if it were lifted to that 
height. Thus the closer the slope of the environmental temperature profile (the right 
hand red line) is to that of the dry adiabat; the easier it is for air parcels to mix in the 
vertical. 
 
The environmental temperature profile at Melbourne Airport at 1100 EDST on 7th 
February 2009 shows a shallow slightly cooler and moister layer below about 1 km 
(point A), but between A and B (at about 3.5km) there is essentially a well mixed 
layer, and with little increase in stability above that level. Once the temperature 
exceeded 41°C, which occurred a little after 1130 EDST at Melbourne Airport, the 
surface air could mix to at least B on the profile (gray line), and by the time the 
maximum temperature was reached (above 45°C, point C), air parcels could mix 
without inhibition from the surface to above 5km (point D). 
 
The winds observed at the same time are plotted on the right hand side of Figure FB-
8. In these plots the units of speed are knots (1 knot = 1.85 km/hr), with a short barb 
representing 5 knots, a full barb representing 10 knots, and a flag (a filled triangle) 
representing 50 knots. While the shallow cool layer persisted, the winds below 1 km 
were northerly, but above that level they backed to northwesterly, with speeds 
through the layer between 1 and 5km of 35-45 knots. Once the shallow slightly cooler 
layer eroded, these winds would mix down to the ground as gusts. Thus after 1130 
EDST the wind direction at Melbourne Airport began to back from northerly to 
northwesterly, as this momentum was mixed to the surface (Fig. FB-9). This same 
backing of the wind during the day, and up to the time of the abrupt wind change, 
was observed at most AWS through central Victoria. 
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Figure FB-8. Melbourne Airport radiosonde observations of vertical temperature, humidity, 
and wind speed and direction at 1100 EDST 7 February 2009. (Source: BoM 2009) 

A 

B 
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Figure FB-9. Time-series plots of observations from Melbourne Airport AWS, from 0000 
EDST 7 February to 0000 EDST 8 February 2009. Upper panel wind direction (degrees, 
black), wind speed (knots, red), and gust speed (knots, green). Middle panel temperature (°C, 
red) and dewpoint (°C, green). Lower panel relative humidity, percent. Note that humidity 
observations are erroneous from around 1500 to 1645. (Source: BoM 2009) 
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4.2 Surface weather observations 
 
Observations from 11 Bureau of Meteorology automatic weather stations (AWS) 
relevant to the fires are presented in Figure FB-10.  See Figure FB-5 for a map of the 
AWS locations. 
 
Figure FB-10 a and b (Bendigo Airport and Redesdale) are the closest AWS to the 
Maiden Gully fire.  
 
Figure FB-10 c (Dunns Hill) is the closest AWS to the Bunyip fire, although Morwell is 
also relevant here. 
 
Figure FB-10 d and e (Morwell and Yarram) are the closest AWS to the Churchill fire. 
 
Figure FB-10 f  and g (Kilmore Gap and Mangalore) are the closest AWS to the 
Kilmore East fire. 
 
Figure FB-10 h and i (Eildon Fire Tower and Coldstream) are the closest AWS to the 
Yea-Murrundindi fire (although Figure 10 g may also be appropriate later in the life of 
the fire). 
 
Close study of the wind direction of each AWS reveals the time of arrival of the wind 
change at each station. Often the wind change was associated with an increase in 
the strength of the wind but in some cases there was a dramatic drop in the wind 
speed soon after the change. 
 
Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (Noble et 
al. 1980) are also presented for each AWS. Generally speaking, both fire danger 
indices increase from mid- to late-morning and decrease by early evening. Peaks in 
FDI correspond to peaks in wind speed and thus follow the peak and trough gust 
structure of the wind. GFDI are lower than FFDI at some sites due to grass curing 
being less than 100%. 
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Figure FB-10b. Maiden Gully Fire: Redesdale AWS data for 7 February 2009 from 0900 
hours to midnight: Air temperature and Relative Humidity (RH) (top), mean wind speed, 
maximum gust wind speed and wind direction (middle), and Forest Fire Danger Index (FFDI) 
and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted to SW at about 17:35 
hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds remained strong and gusty. (Source: BoM) 



Chapter 1 | Page 19 
Fire Behaviour – October 2009 – Final Report  

 

 

 

 
Figure FB-10c. Bunyip Fire: Dunns Hill AWS data for February 7, 2009 from 0900 hours to midnight: Air 
temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and wind direction 
(middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted 
to SW at about 16:36 hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds remained strong and gusty briefly following the change and then declined until 20:30 before 
increasing again. (Source: BoM) 
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Figure FB-10d. Churchill Fire: Morwell AWS data for February 7, 2009 from 0900 hours to midnight: Air 
temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and wind direction 
(middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted 
to SW at about 1716 hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds remained strong and gusty for an hour or so before becoming light and variable in the 
evening. Speeds picked up again towards midnight. (Source: BoM) 
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Figure FB-10e. Churchill Fire: Yarram AWS data for February 7, 2009 from 0900 hours to midnight: Air 
temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and wind direction 
(middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted 
to SW at about 17:03 hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds remained strong and gusty for 2.5 hours before swinging back to NW and moderating. 
(Source: BoM) 
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Figure FB-10f. Kilmore East Fire: Kilmore Gap AWS data for February 7, 2009 from 0900 hours to midnight: Air 
temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and wind direction 
(middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted 
to SW at about 17:10 hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds reduced in strength with the changed but remained reasonably strong (20-30 km/h) for the 
remainder of the evening. (Source: BoM) 
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Figure FB-10g. Kilmore East Fire: Mangalore AWS data for February 7, 2009 from 0900 hours to midnight: Air 
temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and wind direction 
(middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted 
to SW at about 18:52 hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds gusted with the changed and then remained strong for much of the evening. (Source: BoM) 
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Figure FB-10h. Yea-Murrundindi Fire: Eildon Fire Tower AWS data for February 7, 2009 from 0900 hours to 
midnight: Air temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and 
wind direction (middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). 
The wind shifted to SW at about 19:30 hours and was associated with a slow decrease in air temperature and 
corresponding increase in RH. Winds remained strong and gusty for 1.5 hours after the change and then became 
light and variable for the remainder of the evening. (Source: BoM) 
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Figure FB-10i. Yea-Murrundindi Fire: Coldstream AWS data for February 7, 2009 from 0900 hours to midnight: Air 
temperature and Relative Humidity (RH) (top), mean wind speed, maximum gust wind speed and wind direction 
(middle), and Forest Fire Danger Index (FFDI) and Grassland Fire Danger Index (GFDI) (bottom). The wind shifted 
to SW at about 16:48 hours and was associated with a rapid decrease in air temperature and corresponding 
increase in RH. Winds increased with the change for about 1.5 hours and then became light and variable. (Source: 
BoM) 
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5. Fire behaviour indicators 
 
During a five week field work program members of the Fire Behaviour Investigation 
Team visited fire grounds of five of the major bushfires that burnt on 7 February 
2009. The objective of field work was to collect data from fire spread indicators that 
could, in conjunction with other information about the time and location of the 
bushfires, be used to reconstruct the passage of the fires. The Team gave emphasis 
to collecting information from sources that would change or be lost forever with the 
passage of time following the fires. 
 
5.1 Methodology 
 
5.1.1 Methodological design 
 
The governing factors in the development of the methodology employed in the field 
data collection phase of this research work were primarily the short time available 
before key observational data was lost, limited staffing resources, and the large 
areas affected by the bushfires. The initial objective of field data collection was to 
obtain data that could be used to determine the location of the north-eastern flank of 
each fire prior to the arrival of the wind change.  
 
5.1.2 Observational data 
 
The primary indicator used to determine this change in wind direction was that of the 
direction of leaf and stem freeze (Cheney and Sullivan 2008). When leaves and 
stems are scorched by the passage of fire they freeze in the direction they were 
pointing at the time, providing an indication of the direction of the wind when the fire 
passed through. This is not necessarily the direction of the prevailing wind or the 
direction of spread of the fire but taken with other sources of data over a large area 
can be used to build up a picture of the likely direction of spread of the fire. Careful 
analysis is required to then differentiate whether the fuel was scorched in a heading 
or backing fire.  
 
Other opportunistic data that was collected that could be used to build an 
understanding of direction of spread and fire behaviour included:  

• pattern of char on tree stems; 
• extent of crown scorch and defoliation; 
• topographic slope; 
• extent of fuel consumption; 
• degree of grass curing. 

 
5.1.3 Data collection 
 
Field crews comprising 2-4 people were deployed to fires to conduct field 
observations of fire spread indicators. Observations and photographs were recorded 
in hand-written notes in field books using a pro-forma that identifies: 

• photo identification (numbering from individual camera); 
• date; 
• time; 
• location (general locality, with UTM spatial coordinate details from GPS if 

possible); 
• bearing direction of photograph; 
• name of photographer. 
• topic listed by major themes:  
• Origin, Surface fuel consumption, Crown damage, Unburnt fuel, Leaf freeze, 

Charring, Wind damage, Panorama/Landscape, Spot fire, other. 
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The choice of location of observation points was left up to the individual teams with 
the intent on collecting as broad a distribution as possible given the large fire areas. 
Access to much of the fire affected area was limited because roads remained closed 
or were unsafe to use for many weeks after the fire. Access to areas declared as 
crime scenes was also restricted while forensic investigations were completed. This 
constrained data collection in the Marysville area during February. 
 
Where possible, fuel hazard was assessed in unburnt forest within the fire perimeter 
to provide an indication of the fuel load and structure. Hazard assessments were 
based on the Victorian Overall Fuel Hazard Guide (McCarthy et al. 1999) and the 
Project Vesta Field Guide: Fuel Assessment and Fire Behaviour Prediction in Dry 
Eucalypt Forest (Gould et al. 2007b). Some assessments were carried out on like 
fuels immediately outside of the fire perimeter. Due to time constraints these 
observations were not given priority. 
 
A process-based model of surface and profile fuel moisture content (Matthews 2006) 
was employed to illustrate the likely variation in fuel moisture content over the 72-
hour period 6-8 February 2009. The weather input data for this simulation was 
obtained from the Bureau of Meteorology AWS data. 
 
5.1.4 Data handling 
 
All point observations were entered into a comprehensive Microsoft Excel 
spreadsheet containing 37 fields with the aim of eventually exporting data into a 
computerised spatial information database (such as ESRI ARCMap). All data were 
validated following entry. Directional data were corrected for magnetic declination 
using a single value for each fire. These data and associated digital photographs and 
images were stored by the Bushfire CRC in accordance with Data/Information 
Metadata Standard V2. 
 
5.2 Results 
 
For the purpose of this report, the results of the field observations are provided in the 
form of maps showing observation points and inferred wind direction intersected with 
final perimeter extents for each fire. Observation points without inferred wind 
direction relate to other fire spread indicators (eg. bark char), photographs, and 
locations where fuels were described or assessed. Observational data are overlaid 
on to post-fire satellite imagery or air photography (Maiden Gully fire), ecological 
vegetation classification maps, digital elevation maps, and fire history maps sourced 
from DSE and CFA. Maps are provided as appendices to this report. 
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A summary of the number of total observation and number of wind direction indicator 
points is given in Table FB-1. 
 
Table FB-1. Summary of observation points collected for five fires of 7 February 2009. 
 

Fire Complex Approx. fire 
area (ha) 

Total no. of 
observation 

points 

Sampling density 
(ha per point) 

No. of wind 
direction indicator 

points 

Direction sampling 
density (ha per 

point) 
Maiden Gully 500 87 6 53 9 
Bunyip 26200 144 182 108 243 
Churchill 32000 218 147 164 195 
Kilmore East 75744 240 316 99 765 
Yea-Murrundindi 149286 104 1435 59 2530 
Sum 283730 793  483  

 
 
 
5.2.1 Fuel Moisture Modelling (Kilmore Gap) 
 
A processed-based model of fine fuel surface and profile fuel moisture content 
(Matthews 2006), parameterized using observations of fuel moisture content of dry 
eucalypt forest of Western Australia (Matthews et al. 2007), was used to provide an 
indication of what the likely value of the fuel moisture contents were during the period 
6–8 February. Weather data from the Kilmore Gap AWS was used as the basis for 
this simulation for illustrative purposes.  
 
Figure FB-11 shows that on 6 February the minimum surface moisture content 
(SMC) reached about 6.2% at 1500 hrs. Over the evening this increased but only to a 
maximum of 13.2% at 2100 hrs. From then until 0500 on 7th February the SMC 
declined slightly to about 11.9%. Following sunrise, the SMC (and profile moisture 
content (PMC) decreased rapidly during the morning to reach 4.6% by midday. Over 
the next 4 hours, the SMC decreased further to around 4% before increasing rapidly 
with the arrival of the wind change at 1700 hrs. The SMC and PMC for the following 
day reached a minimum of only 13% and 14.5% respectively. 
 
This simulation suggests that due to the very hot and dry conditions, the moisture 
content of the fine fuels (both surface litter and the whole depth to mineral soil) was 
extremely dry, resulting in high combustibility and increased available fuels. The very 
low overnight moisture contents of the night of February 6 meant that, with the onset 
of hot dry conditions on the morning of 7 February, there was not much moisture in 
the fuel available for desorption and SMC and PMC values became very low. 
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Figure FB-11. Simulation results from a process-based model of surface and profile fuel moisture content using 
the meteorological data from the Kilmore Gap AWS. Low moisture contents of the evening of 6 February meant 
that moisture contents for the morning of 7 February already started very low and reached a minimum of about 4% 
for most of the afternoon. 
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5.3 Maiden Gully  
 
The fire perimeter is shown in Figure FB-12 overlaid onto aerial photography with 
vectors of inferred wind direction during the passage of the fire. See Appendix FB-1-1 
for a larger scale map of this image.  
 
5.3.1 Vegetation 
 
The main vegetation type burnt by the fire was ironbark woodland up to 25 m tall with 
a shrubby understorey, and localized areas of riverine grassy woodland and forest up 
to 25 m tall. See Appendix FB-1-2 for a map of the Maiden Gully Ecological 
Vegetation Classes (EVC) overlayed with the locations of observations and inferred 
wind directions during the fire. 
 
5.3.2 Fuels 
 
Surface and elevated fuels were generally of low to moderate fuel hazard rating 
according to the Victorian Overall Fuel Hazard Guide (McCarthy et al. 1999) with 
occasional areas having high surface and elevated shrub fuel hazards (Fig. FB-13); 
examples of such areas included parts of watercourses with dense ti-tree to 3 m, and 
rehabilitation planting of pampas grass on mine tailings.  
 
5.3.3 Fire spread indicators 
 
Indicators shown in Figure FB-12 are consistent with fire spreading under north-
westerly winds from the point of origin, at least to the stage where the fire crossed 
the road between West Bendigo and Long Gully; on the eastern side of this road 
indicators are mostly consistent with winds from a south-westerly direction. The 
section of the north-east flank of the fire that burnt through the locality of California 
Gully was associated with indicators of spread under south-westerly winds, as were a 
number of smaller burnt areas around Eaglehawk and Long Gully which could have 
been ignited by spotting following the south-westerly change. 
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Figure FB-12.  Air photograph of the Maiden Gully fire showing location of leaf freeze observations and inferred wind direction at these locations.  
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Figure FB-13.  Maiden Gully fuels exhibited low to moderate fuel hazard for surface fuels. In some areas the 
elevated fuel hazard was high, particularly where ti-tree was present. 
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5.4 Bunyip 
 
The fire was reported in the Bunyip State Park on 4 February at 17:00 hrs.  The 
origin was east of the Bunyip Ridge Track next to a track in a riparian zone of heavy 
tea-tree fuels last burnt in 1939. The fire was not contained on initial attack and 
continued to burn north up the valley to the immediate west of Bunyip Ridge Track. 
Over the next 2 days the fire extent increased to approximately 170 ha. At some time 
early on the morning of February 7th the fire broke containment lines constructed 
during the preceding days and travelled in a generally SE direction along timbered 
ranges for about 7 km and into adjoining farmland.  
 
The fire perimeter is shown in Figure FB-14 overlaid onto aerial photography with 
vectors of inferred wind direction during the passage of the fire. See Appendix FB-2-1 
for a larger scale map of this image. 
 
5.4.1 Vegetation 
 
Under the generally north-westerly wind influence the fire burned initially in heathy 
woodland and foothill forests of mealy stringybark, silvertop ash and messmate 
(Appendix FB-2-2). Forests had a dense understorey of predominantly hakea and 
banksia. Riparian vegetation included swampy heathlands and dense stands of 
prickly tea-tree. Wet schlerophyll forest including mountain ash was present at higher 
elevations and southerly aspects. The majority of forest burnt following the south-
westerly wind change was wet schlerophyll. 
 
Farmland was mainly pastured with a mix of dry dairy, grazing and meadow hay in a 
wide range of curing conditions depending on species and management practices.  
Windbreaks, roadside reserves and riparian areas along the Labertouche Creek 
dominated by mealy stringybark were common in the farming landscape. Much of 
this remnant bushland had been fully crown scorched or in some places defoliated by 
crown fire, even remnants located within otherwise unburnt paddocks.  
 
5.4.2 Fuels 
 
Much of the area within the fire perimeter, including farmland is recorded as having 
last burnt in the 1939 bushfires. More recently burnt areas included a substantial 
section (10 km x 2 km) between the powerline easement and the southern edge of 
the fire perimeter burnt by wildfire in 2004, and a 700 ha area about 7 km north-
north-east of Labertouche that was prescribed burnt in 2005 (Appendix FB-2-3). 
There were very few areas of unburnt vegetation to provide a benchmark for fuel 
condition prior to the fire, and no hazard scoring assessment was carried out for the 
Bunyip fire.  
 
5.4.3 Fire spread indicators 
 
Access into parts of the fire burnt under the north-westerly wind influence was difficult 
and only a few observation points with reliable spread direction indicators were 
collected in this area (Fig. FB-14). Topography appears to have strongly influence on 
fire behaviour following the wind change (See Appendix FB-3-4).  
 
 



Chapter 1 | Page 34 
Fire Behaviour – October 2009 – Final Report  

 

 
Figure FB-14.  Map of burnt area of the Bunyip fire showing location of leaf freeze observations and likely directions of wind at those locations. 
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Aspects facing south-west burnt at very high intensity with extensive crowning and 
several areas where all fine fuel was consumed over continuous areas up to 10 
hectares. Examples of crown fire activity associated with head fire spread across 
slopes of 10° were also observed. On lee slopes away from the prevailing wind the 
inferred direction of fire spread sometimes differed to the prevailing wind. The 
tendency of the fibrous bark to fully char made it to impossible to identify if the fire 
was a head, flank or backing fire.  
 
Spot fires, or congregations of spots, were observed in at least over four locations on 
line-scan imagery at distances of 8 km and 10 km from the head fire and forest edge 
respectively. Burnt areas associated with these spots was as large as 100 ha.   
 
Fire spread indicators in agricultural lands around Labertouche were highly variable 
and suggested head, flank and backing fire activity within very short distances. The 
eastern flank of the fire prior to the wind change was not readily determined in the 
farmland. Within the extent of burnt area in the farmland, Landsat images taken on 
the 17th of Feb show as much as half the area unburnt. It was difficult to determine if 
farmland areas were unburnt due to low curing or suppression efforts. Remnant 
vegetation along road reserves and planted windbreaks within the farmland was 
mostly fully crown scorched or defoliated and appears to have provided a conduit for 
fire spread through otherwise incombustible pastures.   
 
Severe wind damage was observed along Ryson Creek which is located about 8 km 
NNE of Labertouche and to the north of the 2005 prescribed burn area indicated on 
Appendix FB-2-3. The valley of Ryson Creek is oriented towards the south-west. 
Wind throw was observed throughout a 3 km stretch of the creek that was 
accessible.  Entire stands of 50 m tall trees with stem diameters of >60 cm at 1.3m  
above ground were uprooted or snapped-off at varying height about ground heights 
(Fig. FB-15).  Typically trees were laid out in a south-west to north-east orientation, 
but in areas the pattern was irregular. Fine leaves and twigs from the tree-tops 
remaining unburnt on or near the ground at the time of sampling in early March 2009 
indicate that wind damage occurred after the passage of fire. 
 
The extent of crown scorch and defoliation evident in satellite imagery appeared to 
be considerably reduced in the area burnt in the 2004 wildfire and the 2005 
prescribed burn, suggesting lower fire intensity in these areas. This observation 
warrants a more systematic evaluation with supplementary field assessment and 
analysis of high resolution air photography.  
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Figure FB-15. Evidence of blow-down within the burnt area of the Bunyip fire. Fine twig and leaf material 
remaining on the ground suggests this occurred after the passage of the fire. 
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5.5 Churchill 
 
Ignition points for this fire were on the southern side of Glen Donald Road, 3 km SE 
of the town of Churchill.  Smoke was detected at 1335 hrs with fires reportedly ignited 
in roadside grass, but rapidly spreading uphill into 15-year-old bluegum plantation, 
intensifying and crossing Jelleff’s Outlet road under the influence of strong NW 
winds. The fire continued spreading SE pushed by the NW winds and aided by 
positive slopes, which took the fire into complex terrain within the Strzelecki Ranges. 
The SE run ended near Balook (~15 km from ignition point) probably due to the 
arrival of the wind change.  
 
The fire perimeter is shown in Figure FB-16 overlaid onto aerial photography with 
vectors of inferred wind direction during the passage of the fire. See Appendix FB-3-1 
for a larger scale map of this image. 
 
5.5.1 Vegetation 
 
The initial stage of the fire run was predominantly in bluegum, shining gum and pine 
plantation. About half of the burnt area was shining gum and radiata pine plantation 
aged 5-15 years (Fig. FB-17). A further third of the burnt are was mature native forest 
with stands of tall wet sclerophyll forest with a moist understorey. Farmlets and 
dryland agricultural lands were burnt during the latter part of the fire run and in 
various localities within the overall forested landscape. 
 
5.5.2 Fuel 
 
Apart from post-harvest residue burning, fire has largely been excluded from forested 
areas within the fire perimeter since 1939. As the forest is productive and receives 
reliable high rainfall there has been very considerable build up of fuel during this 
period. Grasses were less than 60% percent cured in many parts, particularly at the 
bottom of valleys and creek lines. Grass and shrub understoreys were common in 
plantations. Wetter forest at higher elevation tended to have a tall dense understorey. 
 
5.5.3 Fire spread indicators 
 
Leaf freeze indicated that the fire was probably about 2-3 kilometres wide during the 
initial run under north-westerly winds. The head of the fire at this time had reached 
an elevated ridge. The exact location of the NE flank at the time of the wind change 
is difficult to determine because complex terrain affected the wind direction observed 
at most sites. Forest on the south-east (unburnt) side of the ridge was tall wet 
sclerophyll forest with an understorey of tree ferns and moister shrubs. Some small 
spot fires in the area appeared to have burnt with a much lower intensity than the 
main fire. 
 
The consistency of the wind direction over the fire ground after the wind change is 
difficult to determine because of terrain interaction, though it was mostly SW. The 
wind direction at some points close to the NE extent of the fire appears to have 
northerly influence, though it is unknown what time these sections burned. There was 
evidence of variable wind directions in some parts of the fire run from the SW (e.g. 
Old Callignee Road) that requires further investigation through interviews with 
observers. 
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Figure FB-16.  Map of burnt area of the Churchill fire showing location of leaf freeze observations and inferred wind direction at these locations. 
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Figure FB-17. Example of shining gum plantation within similar to that burnt in the  Churchill fire. Overall fuel 
hazard is Very High. 
 
Fire spread is likely to have involved substantial spotting as evidenced by the number 
of spot fires outside the final perimeter of the main fire. There were more of these 
than indicated on the official fire maps, though these tended to be much less intense 
than the main fire. A number of long distance spots from the initial fire run under 
north-westerly winds reached around 22 km from the main fire perimeter (Fig. FB-
16). Two of these spots developed to about 550 and 2000 ha in area and burnt 
mainly following the SW wind change. Two other fires NW of Yarram were managed 
as part of the same incident. These were more than 10 km down wind from the south 
eastern limit of the Churchill fire.   
 
Some unburnt patches remained within the main fire perimeter. These were mainly in 
grass fuels, and could be associated with areas with lower curing, such as valley 
bottoms and creek lines, as well as paddocks that had different pasture grass 
species and pasture treatments. 
 
There was only one small (<1 ha) section of unburnt forest found within the most 
severely burnt sections of the fire (NW of intersection of Government and Rules 
Roads). The fuels in this patch appeared to be recently burnt, as the trunks had a lot 
of young epicormic budding and the surface fuels were very light.   
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5.6 Kilmore East 
 
The fire perimeter is shown in Figure FB-18 overlaid onto aerial photography with 
vectors of inferred wind direction during the passage of the fire. See Appendix FB-4-1 
for a larger scale map of this image.  
 
The point of origin of the fire was in the Saunders Road area near Kilmore East and 
the general direction of fire spread was initially to the SE through pasture and radiata 
pine plantation. The fire crossed the Hume Highway north of Wandong, skirting the 
northern edge of the town and SE along the escarpment of the Hume Range (Fig. 
FB-6) which becomes increasingly rugged and broken east of Humevale. Following 
the south-westerly wind change the NE flank of the fire moved on a broad front 
through forested country on the Hume plateau and mixed agricultural lands extending 
between Kinglake West and Kinglake. The final perimeter reached just north of 
Flowerdale, Break O’Day and Glenburn. 
 
5.6.1 Vegetation 
 
The fire burned in grasslands, open dry eucalypt forest of messmate stringybark, 
peppermint and gum, tall wet eucalypt forest of mountain ash, messmate and manna 
gum, and plantations of bluegum and radiata pine. See Appendix FB-4-2 for a map of 
ecological vegetations classes for this region. A comprehensive account of the 
vegetation of the Hume Range is provided by Ashton (2000). In spite of the dry 
condition experience in January 2009 green grass was observed in some paddocks 
on the Kinglake plateau, and fire did not spread continuously across these paddocks 
in spite of extensive spotting. 
  
5.6.2 Fuels 
 
Much of the northern part of the Hume plateau was burnt in 1982 with some smaller 
patches burnt again in the period from 1995-2008. The area extending east from the 
Humevale Kinglake road and north to Glenburn included large areas of fuel dating 
from the 1938/39 fire season and some smaller patches burnt in the period 1995-
2008. The area between Stathewen and St Andrews was burnt in the decade from 
1965-1974. Fuel structure and hazard were assessed in unburned dry schleophyll 
forest near St Andrews (Fig. FB-18), north of Kinglake (Figs. FB-20 and FB-21), 
Glenburn and at the Bushfire CRC experimental site in Tallarook which is generally 
representative of the north extent of the burnt area near Strath Creek.  
 
5.6.3 Fire spread indicators 
 
Fire spread indicators revealed a number of important characteristics of the Kilmore-
Kinglake fire as follows: 

- the fire had a very elongated shape under the influence of north-westerly 
winds the fire with a length to breadth ratio of about 7:1; 

- under the influence of north-westerly winds the fire passed to the south of 
Kinglake West and did not impact on this community until after the south-
westerly wind change; 

- patterns of fire spread became increasingly complex east of Humevale with 
fire spread indicators consistent with an head fire running under north-
westerly winds and fire runs from the south or south-west associated with the 
wind change and localized terrain effects. This may have extended the period 
of time over which residents of ridge-top settlements and farms were subject 
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to severe fire behaviour and led to uncertainty about which direction the fire 
was approaching from; 

- the Strathewen area appears to have been impacted by fire running on a 
north-westerly wind and also by a major fire front approaching from the south; 

- much of the area north of the road between Pheasant Creek and Kinglake 
remained unburnt because of cultivated paddocks or incompletely cured 
pasture; 

- a number of areas burnt since 1995 had reduced levels of canopy scorch or 
had not burnt at all, suggesting that fire intensity was reduced because of 
younger fuels. 

 

 
Figure FB-18. Open eucalypt forest 3 km east of St Andrews adjacent to the southern boundary of the Kilmore-
Kinglake fire. Surface and near-surface fuel rated as moderate, elevated fuel rated low, and bark fuel hazard rated 
as high. Photo taken 17 February 2009. 
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Figure FB-19.  Map of burnt area of the Kilmore East fire showing location of leaf freeze observations and likely directions of wind at those locations. 
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Figure FB-20. Open eucalypt forest north of Kinglake with an understorey of bracken fern and a near-surface fuel 
layer comprised of dead bracken, bark and twigs. Elevated fuel and bark fuel hazard were rated as high. Photo 
taken 17 February 2009. 
 

 
Figure FB-21 Surface fuel layer of eucalypt litter and fine twigs at Kinglake. Photo taken 17 February 2009. 
Surface fuel hazard is very high. 
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5.6 Murrundindi 
 
The fire perimeter is shown in Figure FB-22 overlaid onto aerial photography with 
vectors of inferred wind direction during the passage of the fire. See Appendix FB-5-1 
for a larger scale map of this image.  
 
The fire initially spread south-east from a point of origin near Murrindindi Mill. The fire 
was narrow, with its eastern flank somewhere between the Murrindindi River and 
Black Range Rd, based on leaf freeze observations (Fig. FB-22). Evidence of 
spotting and NE spread near Bull Creek Rd suggest this was as far as the fire 
progressed in this direction before the wind change. After the wind change the fire 
spread NE towards Marysville and the Goulburn Valley highway.  
 
5.6.1 Vegetation 
 
The fire burned predominantly in tall wet eucalypt forest of mountain ash and manna 
gum, with open dry eucalypt forest of messmate and broad leaved peppermint on 
drier and more exposed northern aspects, and plantations of bluegum, shining gum 
and radiata pine (Appendix FB-5-2). Grass remained green in many places despite 
the dry conditions in January 2009 (Fig. FB-24). 
 
5.6.2 Fuels 
 
The majority of the area within the fire perimeter had last been burnt in 1939 
(Appendix FB-5-3). West of the Narbethong-Taggerty road there were a number of 
areas burnt in the decades 1985-94 and 1995-2004 which varied in size with the 
largest being about 3 km2. Other areas burnt in the decade 1985-1994 included the 
area east of St Filians and south of Torbreck Station at the eastern extremity of the 
fire run. Around Marysville township a number of small patches (mostly <1 km2) had 
been burnt in the decade 1995-2004 and since 2005. Forest fuels were dry enough 
to burn right to the edge of flowing creeks (e.g. Murrindindi River). Pastures were 
incompletely cured in some places (e.g. Maroondah Hwy south of Buxton) and did 
not burn. 
 
5.6.3 Fire spread indicators 
 
Limited road access into burnt areas meant that fire spread indicators were only 
examined at a few places between the point of origin near Murrindindi Mill and road 
linking Narbethong to Buxton (FB-22). Indicators in this area were mostly consistent 
with fire run under north-westerly winds but in at least one place suggested up-slope 
fire spread contrary to the prevailing wind during this phase of the fire run. In the area 
around Narbethong and St Filians indicators were variable with inferred wind 
directions ranging from north-westerly to south-westerly, and a strengthening trend 
towards south-westerly winds as the fire approached Marysville. Indicators in and 
around Marysville were predominantly for south-westerly winds although with some 
examples of fire spread direction apparently terrain dominated. Based on the location 
of several observation points showing inferred south-westerly wind direction and the 
presence of linear patterns of scorched tree crowns the width of the headfire burning 
under north-westerly winds appears to have been about 5 km, resulting in a length to 
breadth ratio of about 5:1. 
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Figure FB-22.  Map of burnt area of the Murrundindi fire showing location of leaf freeze observations and likely directions of wind at those locations. 
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Figure FB-23 Unburnt fuel near Narbethong showing high surface and elevated fuel hazard layers and very high 
near-surface hazard. 
 

 
Figure FB-24 Unburnt tall open forest 9 km east of Marysville showing very high near-surface and high elevated 
fuel hazard. Grass in the foreground is estimated to be about 40% cured. 
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6. Discussion 
 
6.1 Previous severe fire events   
 
Severe bushfire events are generally associated with high temperatures, low relative 
humidity and strong winds in conjunction with abundant fuels that are available for 
combustion (i.e. long period of drought for forest fires, good spring growth and late 
summer drought for grass fires).  In Australia, these weather conditions are 
generated under synoptic situations where pressure systems are located such that 
hot dry strong wind from the centre of the continent is directed toward the coastal 
regions (Cheney 1976).  In south-eastern Australia, this synoptic situation occurs 
when a high pressure system has moved off the east coast into the Tasman Sea and 
a low-pressure trough approaches from the west.  Hot northerly or north-westerly 
winds, which can be gale force depending on the intensity of the low, will dominate 
the weather patterns for much of the state of Victoria.  As the trough and associated 
cool change passes, the wind will revert to a westerly or southerly direction. The 
frequency of such patterns occurs with the normal weather cycle, which is 
approximately 6 or 7 days.  
 
Occasionally the high-pressure system in the Tasman Sea can become stationary, 
producing a ridge along the east coast that results in extended periods of extreme 
heat (heat waves) and extreme fire weather in south-eastern Australia (see Fig. 18). 
Days on which such weather coincides with the existence of fires (either pre-existing 
or new ignitions) generally results in high intensity fire behaviour. The passage of a 
trough and resulting cold front from the south-west will result in generally cooler, 
moister air reducing fire danger. However squalls and increased wind speed 
associated with the change, coupled with the time required for dead fine fuel to 
respond to higher humidity’s, can cause significant short-term increases in fire 
intensity and result in additional suppression issues for firefighters.  
 
In Victoria there have been a number of days in which the occurrence of these 
conditions has resulted in disastrous wildfire conditions: Black Friday (13 January 
1939), Western Districts (12 February 1977) and Ash Wednesday (16 February 
1983) (see Table FB-3). Of these, Black Friday provides the closest set of conditions 
for comparison with 7 February 2009.  
 
The 1977 Western Districts fires are unique here as they were predominantly 
grassfires and not associated with rainfall deficit. The Canberra fires of January 2003 
occurred under slightly lower temperatures than 7th February but very low relative 
humidities resulted in extremely dry fuels and very high intensity wildfire behaviour. 
 
Recently, identification of columns of very dry in the upper atmosphere (i.e. dry slots) 
have been found to coincide with many of the worst bushfires in Australia (Mills 
2005a). Under certain atmospheric conditions columns of dry, fast moving, high-
altitude air can descend to the surface, causing a rapid loss of humidity at ground 
level and strong, gusty winds. Mills (2005b) identified dry slot occurrence with the 
Canberra fires which is demonstrated by the extremely low relative humidity under an 
air temperature that is not similarly extreme. 
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Table FB-3. Occurrence of selected severe fire events in Victoria and the ACT with associated fire weather 
conditions (Source: Sullivan 2004).  
Event Date Max. 

Temp 
(°C) 

Min 
R.H. 
(%) 

Max. 
Mean 
Wind 

Speed 
(km/h) 

Impact 

Black 
Friday 

13 January 1939 45.6 8 35 71 lives, 2 million ha burnt.  

Western 
Districts 

12 February 1977 36 22 50-55 3 lives, 100,000 ha burnt, 

Ash 
Wednesday 

16 February 1983 43 15 70+ 72 lives, 380,000 ha burnt. 

Canberra 18 January 2003 35 4 50 4 lives, 100000 ha burnt 
Black 
Saturday 

7 February2009 45.7 4 69 173 lives, 300 000 ha burnt. 

 
6.1.2 Black Friday, 13 January 1939 
 
The 1938/39 fire season was preceded by below to very much below normal winter 
and spring rainfall. A comparison of monthly rainfall at Toorourrong Reservoir and 
Wallaby Creek in the 12 month period leading up to the 1939 Black Friday bushfires 
and the 2009 Black Saturday bushfires is provided in Fig. FB-25. Other notable 
drought years recorded at both sites include 1945, 1967, 1982, 1997 and 2002. In 
contrast to the 1938/39 fire season the lead up to Black Saturday 2009 was 
associated well-above normal rainfall in November and December 2008. This late 
rainfall is likely to have delayed the onset of senescence and curing off in grassy 
fuels and may have contributed to some residual moisture in the deep litter layers in 
tall wet forest, particularly on more sheltered southerly aspects.  
 
The first fires of the 1938/39 fire season in Victoria occurred in August and resulted in 
crown fire spread. Grasslands were cured early by a dry spring. In the eastern 
highlands of Victoria, the worst fires in many years had occurred by October of 1938. 
A large bushfire burned from Wandong to Wallaby Creek in December 1938 affecting 
much of the forest that was to burn again in February 2009 (Table FB-4).  
 
A high-pressure system developed over the Tasman Sea in early January and 
remained in place for almost a fortnight (Fig. FB-26). This resulted in steadily 
increasing daily temperatures.  The general flow of wind over south-eastern Australia 
was from the north-west.  Fronts frequently passed over south-eastern Australia at 2-
3 day intervals following heat wave events during this period.  During these heat 
wave events, hundreds of fires spread fiercely before conditions abated following the 
passage of a front.  Adelaide experienced 10 consecutive days over 36°C and three 
days over 45°C.  Melbourne set a record high temperature of 44.7°C on 10 January, 
only for it to be surpassed 3 days later.  Three other Australian capital cities 
experienced their extreme maximum temperatures during the January 1939 period 
Canberra reached 42.8°C on 11 January; Adelaide reached 47.6°C on 12 January; 
and Sydney reached 45.3°C on 14 January.  
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Figure FB-25.  Comparison of rainfall observed March 1938-January 1939 (top row) and March 2008-February 
2009 (bottom row) against long-term median rainfall against for Wallaby Creek (left column) and Toorourrong 
(right column). Note that rainfall for January 1939 was recorded after Black Friday 13 January, and for February 
2009 after the Black Saturday 7th February bushfires. 
 

 
 

Figure FB-26. Synoptic situation at 0900 hrs EST on 13 January 1939 resulting in record temperatures and strong 
winds throughout south-eastern Australia.  Source: Foley (1947) in Furler (1984). 
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Table FB-4. Annual rainfall at Toorourrong Reservoir and Wallaby Creek in years preceding major bushfires in 
central and eastern Victoria. Bushfire activity sourced from Foley (1947) and Ashton (2000). 
 
Year Annual rainfall (mm) 

Toorourrong 
Reservoir 

Annual rainfall (mm) 
Wallaby Creek 

Bushfire activity 

1908     533** 915  
1914 566    738** Widespread bushfire activity in central 

Victoria and Gippsland, March 1914. 
1927   550*   866*  
1938    499**    766** Bushfire burnt from Wandong to Wallaby 

Creek, December 1938.  
Black Friday bushfires, January 1939. 

1945    483**   820*  
1967  473+  728+ Bushfires in Dandenong Ranges  
1982  545*    761** Bushfire burnt from Wallan to Mt 

Disappointment, November 1982 
Ash Wednesday bushfires, February 
1983. 

1997    531**    739** Bushfires in Dandenong Ranges  
2002    519**   794* Alpine bushfires, January-March 2003 

2006 605 741 Great Divide bushfires, December 2006-
March 2007 

2008 663 940 Black Saturday, 7 February 2009 
* Annual rainfall less than or equal to the 10th percentile value. 
** Annual rainfall less than or equal to the 5th percentile value. 
+ Lowest on record 
 
January 13 brought further record-breaking temperatures to south-eastern Australia:  
Melbourne reached 45.6°C, Wangaratta reached 46.0°C.  A low-pressure depression 
stretching from western and central Australia developed, resulting in strong, hot and 
gusty north-westerly winds directed over south-eastern Australia.  In Melbourne, the 
winds started at about 0800 hrs (Fig. FB-27).  By 1000 hrs, the temperature had 
reached 43.3°C.  Black Friday's extreme fire weather reached 45.6°C, 8% relative 
humidity and average wind speed 30 km/h-60 km/h in places. Wind gusts up to 74 
km/h were recorded in Melbourne (Foley 1947). 
 
Bushfires killed 71 people in Victoria and 650 major buildings, including the township 
of Narbethong, were destroyed. From December 1938 to January 1939 between 1.5 
and 2.0 million ha were burnt out in Victoria, including over 1.4 million ha of forested 
land.  There were relatively few fires in grasslands due to a lack of fuel as a result of 
grazing pressure and poor pasture growth during the extended rainfall deficit. 
 
Conditions on Black Saturday 2009 were remarkably similar to that of Black Friday: 
contiguous heat wave conditions, a day of hot, dry and extremely strong and gusty 
wind, and significant rainfall deficit for much of the state.  
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Figure FB-27. Diurnal pattern of wind speed (centre panel) and direction (lower panel), temperature and relative 
humidity (upper panel) at Melbourne on 13 January 1939 showing the early increase in wind speed and 
temperature that is maintained throughout the day.  Source: Foley (1947).  
 
6.3 Spotting 
 
On 7th February 2009 the existence of a very deep mixed layer, combined with the 
existence of strong winds aloft created conditions conducive to the long distance 
carriage of firebrands such as burning bark. Very dry fuels and strong winds at the 
surface resulted in intense fire behaviour and the formation of very strong convective 
activity capable of lofting firebrands to significant heights within the convection 
column (Fig. FB-27). Strong upper winds provided the mechanism to transport 
firebrands downwind for distances of many kilometers.  
 
In situations where topography was broken, such as along the southern escarpment 
of the Hume Range (Fig. FB-28), this capacity for significant lofting of firebrands 
translated into significant potential for massive short-distance (0-200 m) and medium-
distance (200-1000 m) spotting. Spotting appears to have been an important 
mechanism of fire spread on 7th February  by facilitating fire spread from one ridge 
top to the next in areas of broken terrain, and by carrying the fire across areas of 
sparse eaten-out pasture or, at higher elevation, across areas where grass was less 
than fully cured and might otherwise have arrested fire spread. 
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Figure FB-27. Massive convective plume on northern flank of the Kilmore East fire at 1525 EDST (Photo: Richard 
Alder). 
 

 
 
Figure FB-28. Spotfire activity on the southern escarpment of the Hume Range north east of Whittelsea at 1627 
EDST (Photo: Richard Alder) 
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Evidence for spotting only remains where the spotfire caused by a firebrand fails to 
burn out all fuel around it but it may be inferred from changes in fire intensity along a 
ridge top where the windward side of the slope has burnt under high intensity leading 
to full defoliation and the leeward side shows much less intense fire behaviour and 
no defoliation. The distances of travel of firebrands can only be inferred from the 
location of the spotfires relative to the nearest main fire edge as there is no 
information about their source location and thus represent only the minimum distance 
of travel long distance spotfires - actual distances may in fact be much greater.  
 
Spotfire information was gathered by measuring distances in a GIS from burn 
perimeter information provided by DSE and CFA.  This information is presented in 
Table FB-8 against predicted spotting distances 
 
6.4 Fire behaviour prediction systems 
 
The project plan prepared for the Bushfire CRC Research Taskforce posed the 
question of whether the fires of 7th February 2009 behaved in a manner that was 
consistent with existing fire behaviour models. This is an important question as it 
relates directly to planning for emergency response, and also to the direction of 
future fire behaviour research in Australia. 
 
Proper evaluation of the performance of existing fire behaviour prediction guides 
requires detailed reconstruction of the path of spread of each of the major fires using 
weather data, fire spread direction indicators and reliable information about the 
position of the fire perimeter at various times during the day as each fire developed; 
information about the location of spotfires ahead of the main fire front is also 
required. The Bushfire CRC Fire Behaviour Team was not able to access time 
specific observations of fire location during the preparation of this report and so a 
detailed reconstruction of fire spread is not presented here. However, to facilitate an 
evaluation of existing fire behaviour guides information sourced from publicly 
available weather observations, maps, and eyewitness accounts of fire behaviour 
was used to determine the distance travelled and average rate of spread prior to the 
wind change on 7 February. No reliable information was available about the duration 
of run of the Bunyip fire and hence a rate of spread has not been determined. 
 
Weather, fuel and fire spread observations were given a reliability score (using the 
categories described in Tables FB-5 and as used by Gould et al. (2007a)) for rating 
the reliability of wildfire behaviour observations (Table FB-6). Fuel, rate of spread and 
spotting observations were given low reliability scores, with greater reliability 
attributed to weather observations for the Maiden Gully, Kilmore East and Churchhill. 
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Table FB-5.  Reliability rating for weather, fuel and fire spread observations for wildfires in open eucalypt forests. 
 
Rating Weather (W) Fuel (F) Rate of spread (R) 
1. Nearby meteorological 

station or direct 
measurements in the field. 

Fuel characteristics inferred 
from a fuel age function 
developed for the particular 
fuel type. 

Direct timing of fire spread 
measurements by the 
authors. 

2. Meteorological station within 
50 km of the fire. 

Fuel characteristics inferred 
from a visual assessment of 
nearby unburnt forest. 

Reliable timing of fire 
spread by a third party. 

3. Meteorological station > 50 
km of the fire, reconstruction 
of wind speed for fire site. 

Fuel characteristics inferred 
from a fuel age curve for a 
forest type of similar structure. 

Reconstruction of fire 
spread with numerous 
cross references. 

4. Spot meteorological 
observation near the fire. 

Fuel characteristics typical of 
equilibrium level in a dry 
sclerophyll forest 

Doubtful reconstruction of 
fire spread. 

5. Distant meteorological 
observations at locations very 
different to fire site. 

 Anecdotal or conflicting 
reports of fire spread. 

 
 
Table FB-6. Reliability scores for weather, fuel and fire behaviour observations. 
 

 Reliability score 
Fire Weather  Fuel Fire behaviour 

Maiden Gully 2 2 5 
Bunyip 5 4 5 
Churchhill 3 4 5 
Kilmore East 3 4 5 
Murrundindi 5 4 5 
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Forward rates of spread (Table FB-7) and spotting distances (Table FB-8) were 
calculated using the McArthur FFDM (McArthur 1967) and the Project Vesta fire 
spread model presented as tables in the Field Guide: Fuel Assessment and Fire 
Behaviour Prediction in Dry Eucalypt Forest (Gould et al. 2007b). Average fine fuel 
loads and fuel hazard scores were assigned to each fire based on the experience of 
members of the BCRC Fire Behaviour Team. These values represent typical default 
values for eucalypt forests unburnt for at least 15 years where the fuel is approaching 
equilibrium with environmental conditions that determine fuel accretion and 
decomposition. Fine fuel loads for use in the McArthur FFDM are only those of the 
surface fuels less than 6 mm in diameter and do not include fuels such as shrub 
(near-surface or elevated fuels) or bark. 
 
The Bunyip, Churchhill and Kilmore East fires were assigned the same fuel values 
and a fine fuel moisture content of 3%, but the Bendigo fire was assigned lower fuel 
values because of the very open nature of the dry forest in the area. The Murrundindi 
fire was assigned higher fuel values and a fine fuel moisture content of 4% because 
of the more widespread occurrence of taller, denser forest within the area burnt. 
Predicted rates of spread were not corrected for slope on the basis that the fires 
traversed both positive and negative slopes during their run.  
 
The Bendigo fire spread faster by a factor of 2 to 3 times than predicted by either the 
FFDM or the Project Vesta model, possibly because the very open nature of the 
forest at Bendigo resulted in higher wind speeds under canopy than assumed by 
either model. The observed rate of spread of the Churchill fires was intermediate 
between the prediction from the FFDM and the Project Vesta model. The Kilmore 
East and Murrundindi fires spread 2 to 3 times faster than predicted by the FFDM, 
and up to 1.5 times faster than predicted by the Project Vesta model. It needs to be 
recognized that these simple predictions make no allowance for the contribution of 
spotting to the spread of the fire, which is unlikely to be a valid assumption under the 
extreme fire danger conditions that prevailed on 7th February. 
 
Rates of spread observed on 7th February are within the range reported previously 
for eucalypt forest burning under extreme fire danger conditions on Ash Wednesday 
1983 at Trentham and Deans Marsh (Rawson et al. 1983). 
 
Table FB-8 gives the results of the comparison with estimated shortest-distance 
spotting and the models of McArthur FFDM and the Project Vesta field guide. 
Spotting distances predicted by the McArthur FFDM range from 3.6 km for Bendigo 
to 11 km for the Kilmore East fire. Spotting distances predicted by the Project Vesta 
field guide ranged from 0.7 km for the Bendigo fire to between 6.5 and 7.4 km for the 
other fires, which is the highest value currently provide for in the tables.  
 
Based on the weather conditions presented in Table 7 predicted rates of spread in 
fully cured grazed pastures for the Kilmore and Bendigo fires were 17 and 12 km/h 
respectively. 
 
 



Chapter 1 | Page 56 
Fire Behaviour – October 2009 – Final Report  

 

 
Table FB-7. Estimated forward rates of spread under north-westerly winds prior to the wind change on 7 February 2009 compared with spread predictions from the McArthur FFDM and Project 
Vesta fire spread model presented as tables in the Field Guide: Fuel Assessment and Fire behaviour prediction in Dry Eucalypt Forest. Weather data have been sourced from the automatic 
weather station considered most relevant to the fire. 
 

Fire Length 
of run 

 
 
 

(km) 

Duration 
of run 

 
 
 

(hr) 

Mean 
rate of 
spread 

 
 

(km/h) 

AWS 
data source 

Air 
temp. 

 
 
 

(°C) 

Relative 
humidity 

 
 
 

(%) 

Wind 
Speed 

 
 
 

(km/h) 

FFDI FFDM 
fuel load 

 
 

(t/ha) 

FFDM 
predicted 

rate of 
spread 

 
(km/h) 

 

Vesta 
surface 

fuel 
hazard 
score 

Vesta 
near-

surface 
hazard 
score 

(height, in 
cm) 

Vesta 
Fine fuel 
moisture 
content 

Vesta 
predicted 

rate of 
spread 

 
(km/h) 

Maiden Gully 4 1.25 3.2 Bendigo Airport 44 8 35 95 10 1.10 2 1 (5) 3 0.9 

Bunyip 7* unknown unknown Latrobe Valley 42 9 33 82 20 1.95 3.5 3 (20) 3 5.2 

Churchhill 15 4.75 3.2 Latrobe Valley 42 9 33 82 20 1.95 3.5 3 (20) 3 5.2 

Kilmore East 50 4.75 10.5 Kilmore Gap 41 9 56 135 20 3.25 3.5 3 (20) 3 7.5 

Murrundindi 37 4.5 8.2 Eildon 40 10 35 80 25 2.40 4.0 3.5 (25) 4 5.7 
* Distance from point of origin is inferred as its exact location is not known 
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Table FB-8. Predicted spotting distances on 7 February from the McArthur FFDM and Project Vesta tables. 
 

Fire Shortest point 
between 

furthest spot 
and main fire 
extent (km) 

Shortest point 
between 

furthest spot 
and origin 

(km) 

Distance/s 
between spots 

on NW-SE 
orientation 

(km) 

Wind 
Speed 
(km/h) 

FFDI FFDM 
fuel load 

(t/ha) 

FFDM 
predicted 
spotting 
distance 

(km) 

Vesta surface 
fuel hazard 

score 

Vesta 
bark hazard 

score 

Vesta 
predicted 
spotting 
distance 

(km) 
Bendigo 0.6 4.6 N/A 35 95 10 3.6 2 3 0.7 

Bunyip 10.0 N/A 2.0 33 82 20 6.6 3.5 3 6.5 

Churchhill 22.0 37.6 1.8, 8.1, 7.1** 33 82 20 6.6 3.5 3 6.5 

Kilmore East 3.1 46.1 1.2, 1.3, 2.0, 56 135 20 11.0 3.5 4 7.0 

Murrundindi 5.9+ 47.9+ N/A+ 35 80 25 7.7 4.0 4 7.4 4.7++ 47.5++ N/A++ 
 
* Measured from linescan data taken at 14:30 on the 7th February.  Distance from origin was not possible as its exact location is not known. 
** Over a 22km line from the main fire edge were 1.8km from the main fire edge then a cluster from 1.8 to 4.8km, then a further 2 spots 8.1 and 7.1 km apart, taking the distance out to 22km. 
+ For Murrindindi no spots to the SW of the origin were named as part of the complex.  However two fires were mapped that failing any information on their ignition source have the potential to 
have been ignited from embers from the Murrindindi complex.  The fire called Upper Yarra Rd – Doctors Ck distances are provided as possible spotting activity 
++   For Murrindindi no spots to the SW of the origin were named as part of the complex.  However two fires were mapped that failing any information on their ignition source have the potential to 
have been ignited from embers from the Murrindindi complex.  The fire called Upper Yarra Rd – Rd 3 distances are provided as possible spotting activity  
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6.5 Areas identified for potential further research 
 
6.5.1 Fuel dryness 
 
Fuel dryness has a critical effect on fire behaviour and influences fuel consumption, 
rate of spread and spotting potential. Dry conditions during January and early 
February 2009 together with periods of extreme high temperatures and low relative 
humidity in the weeks leading to the 7th February would have contributed to very dry 
fuels in most forests throughout Victoria. A number of models have been developed 
to predict fuel moisture content in forests, based either on physical processes 
(Matthews 2006) or empirical relationships established from field data (Sneeuwjagt 
and Peet 1985). These models tend to perform best when fuels are drying from a 
saturated condition, and there is minimal interruption of drying cycles by rain. This 
was in fact the situation in Victoria during the late spring and early summer leading 
up to 7th February. Insights into fuel drying trends during January and February 2009 
could be provided by using fuel moisture prediction models for representative 
locations where reliable daily weather observations are available. Modelling would 
provide a basis for comparing the moisture content of various fuel components (eg. 
surface litter, deep profile litter, woody fuel particles of different sizes) in a range of 
forest types and topographic settings. Better knowledge of fuel moisture conditions in 
different forest types on Black Saturday 2009 would allow fire behaviour to be 
interpreted and placed in context of other extreme bushfire days experienced in 
Victoria. 
 
6.5.2 Observations required to determine rate of spread 
 
Reliable determination of the rate of spread of a fire depends upon knowing the 
position of the fire perimeter at different periods of its development. This information 
may be obtained from a range of sources including direct observation and reporting 
on the ground, aerial observation, remote sensing, and inferential observation (eg. 
activation of alarms, or failure of infrastructure at a known time coincident with arrival 
of a fire). In preparing this report, the BCRC Fire Behaviour Team did not have 
access to information on fire location at different times from incident logs, interviews 
with agency personnel, witness statements taken by the Police, or fire cause 
investigation reports. Data collected during other parts of the Bushfire CRC 
investigation particularly from interviews with landowners who witnessed the passage 
of the fires at their properties would prove valuable in reconstructing the path and 
timing of fire spread, but this has yet to be validated and cross-referenced to fire 
behaviour. All of these sources of information will need to be collated and cross-
referenced to provide the best possible understanding of the spread of the 7th 
February bushfires, and to obtain reliable estimates of rate of spread at different 
stages of fire development. This is a necessary precursor to a proper evaluation of 
the performance of existing fire behaviour prediction models. 
 
6.5.3 Spotting characteristics of smooth-barked eucalypts 
 
Spotting was an important mechanism of fire spread on 7th February, particularly 
through broken topography, and is likely to have contributed significantly to the heavy 
loss of life and extensive property damage in the Kilmore East and Murrundindi fire 
complexes. Spotting was also an important mechanism of fire spread at the Churchill 
and Bunyip fires.  
 
The McArthur FFDM predicts expected average spotting distance according to fire 
danger index and fuel quantity. Spotting information on the FFDM is derived from 
field observations of wildfires, and potential effects of forest type on spotting 
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behaviour are not explicit in predictions. The Field Guide for Fuel Assessment and 
Fire Behaviour Prediction in Dry Eucalypt Forest provides tables to predict maximum 
spotting distance in dry eucalypt forests that contain stringybark trees. Spotting 
distance predictions from these latter tables do not take into account the contribution 
of ribbons of bark shed by smooth-barked species which are a potential source of 
firebrands with significantly longer burn-out times. These ribbons of bark can remain 
alight in the convection column for considerable time and result in spotting distances 
much greater than expected for stringybark types.  
 
Substantial areas of forest burnt on 7th February contained smooth barked eucalypts 
that shed long ribbons of bark conducive to very long distance spotting. Prediction of 
maximum spotting distance for these forest types under the conditions of 7th 
February requires knowledge of the maximum height of the convective plume and the 
flight and  burning characteristics of relevant bark types. Firebrand characteristics 
such as terminal velocity can be determined experimentally in a vertical wind tunnel 
such as the CSIRO Vertical Wind Tunnel facility in Canberra. 
 
6.5.4 Effects of fuel age on fire behaviour and post-fire ecosystem impacts 
 
Prescribed fire has been used extensively for fuel hazard management in the 
eucalypt forests of southern Australia since the 1960s. Prescribed burning to reduce 
fuel load and modify the behaviour of wildfire has long been promulgated as a basic 
fire protection strategy in eucalypt forest. The reduction of wildfire behaviour 
immediately following fuel removal by burning is obvious as there is no surface fuel to 
burn, and crown fires collapse within a few metres of the perimeter of the burnt area. 
As fuel re-accumulates in subsequent years the benefits of prescribed burning in 
reducing fire suppression difficulty occur through reduction in fire intensity and 
spotting.  
 
Systematic analysis of interaction between wildfire behaviour and such factors as 
vegetation types, weather conditions, and fuel characteristics as modified by 
prescribed burning is problematic due to the unplanned and chaotic nature of wildfire 
events. There are always uncertainties about the fuel load on prescribed burnt areas 
at the time of the wildfire which result from uncertainties about the areas actually 
burnt during the operation, the fraction of fuel removed and the subsequent rate of 
fuel accumulation. Accurate measurement of rates of spread and wind speeds during 
the wildfire are almost unattainable on comparable sites.  
 
Despite these limitations, well designed case studies can contribute to an 
understanding of the operational effectiveness of fuel reduction by prescribed burning 
and comparison of matched sites carrying fuel of different ages provides a tangible 
demonstration of the contribution of fuel load to fire intensity, and the opportunity to 
compare resultant effects on vegetation, soils and streams (McCaw et al. 2008). The 
bushfires of 7th February burnt in forests with times since last fire ranging from as 
short as one or two years through to more than 80 years, providing the opportunity 
for systematic evaluation of the effects of fuel age on fire behaviour and resultant 
ecosystem impacts. Insufficient time was available for the Bushfire CRC Fire 
Behaviour Team to examine these questions, but it is strongly recommended that this 
be done as part of ongoing post-fire research programs. 
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6.5.5 Fire atmospheric interactions 
 
The events of 7th February 2009 highlight the importance of continuing to investigate 
the relationship between fire behaviour and weather under extreme burning 
conditions. Climate change scenarios indicate an increase in the average number of 
days of very high or extreme fire danger across broad areas of south-eastern 
Australia (Hennessy et al. 2005, Lucas et al. 2007). Significant research questions 
arising from these predictions include the effect of extreme high temperatures on 
short term dessication of vegetation (Groom et al. 2004) and on wind circulation pre 
and post-frontal changes. Air circulations at and behind frontal systems can interact 
with the topography and the fire to significantly affect fire behaviour, but these 
influences remain poorly documented or understood 
 
 
7. Conclusion 
 
This report summarises data collected by the Fire Behaviour Investigation Team 
during a five week period of field work following the 7th February Victorian bushfires. 
Weather data obtained the Bureau of Meteorology has also been presented to 
provide a context for conditions prior to and on the day of the fires. The objective of 
the field work was to collect data from fire spread indicators that could, in conjunction 
with other information about the time and location of the bushfires, be used to 
reconstruct the passage of the fires. Emphasis was given to collecting information 
from sources that would change rapidly or be lost forever with the passage of time 
following the fires.  
 
Data has been organized and presented in a spatial context that will allow it to be 
linked to sources of information from other investigations undertaken by the Bushfire 
CRC taskforce, information held by CFA, DSE and other agencies, and observations 
made by eyewitnesses to the events. A detailed reconstruction of the spread of the 
fires on 7th February would need to draw upon data and information obtained from a 
range of sources including incident logs, interviews with agency personnel, witness 
statements taken by the Police, and fire cause investigation reports. These sources 
were not available to the Bushfire CRC Fire Behaviour Investigation Team in the time 
available for preparation of this report and thus no attempt has been made to provide 
a reconstruction of events or draw conclusions about the behaviour and spread of 
these fires.  
 
Detailed reconstruction of the spread of the fires is a necessary precursor to placing 
the events of 7th February in a broader context of past major bushfire events, in 
understanding the phenomena that may have led to such extensive loss of life and 
damage to infrastructure, and in evaluating the performance of existing fire behaviour 
prediction guides under extreme weather conditions. This report has also identified a 
number of areas within fire perimeters burnt on 7th February that carried fuels less 
than 10 years old resulting from previous wildfires or prescribed burning. Systematic 
evaluation with supplementary field assessment and analysis of high resolution air 
photography or satellite imagery would contribute to a better understanding of the 
extent to which wildfire behaviour is modified in younger fuels under extreme fire 
danger conditions. 
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Executive Summary 
 
On Saturday 7th

 

 February, 2009, Victoria experienced the worst bushfires in 
Australia’s recorded history. A total of 173 people lost their lives and more than 2000 
homes were destroyed, in addition to substantial economic and environmental 
impacts. 

In response to these events, the Bushfire CRC established a Research Task Force to 
undertake research for the fire and land management sector and the fire research 
community in Australia and internationally. The Research Task Force covers three 
key areas: 
 

• Fire Behaviour 
 
• Human Behaviour and Community Safety Issues 

 
• Building (Infrastructure) and Planning Issues 

 
 
This is the first report of the ‘Human Behaviour and Community Safety Issues’ team. 
It presents findings from a qualitative analysis of 301 interviews with residents who 
were affected by the February 7th

 

 bushfires. An earlier, interim report presented 
findings from an analysis of 201 interviews. Findings from the analysis of all 600 
interviews will be presented in a future report, alongside quantitative findings from a 
mail survey of bushfire-affected households. 

This report updates the research findings presented in the Interim Report. It presents 
findings related to: residents’ planning and preparedness for the February 7th 
bushfires; the information and warnings they received; their intended and actual 
responses; and other emerging issues and themes. The findings presented in this 
report have not changed substantially from the Interim Report. Additional 
examples and evidence have been provided from each of the major fire complexes to 
strengthen findings. A significant addition to the report is a more thorough discussion 
of the factors influencing residents’ levels of planning and preparedness. A future 
report will more fully examine the nature of people’s responses to the February 7th

 

 
bushfires and the factors and behaviours that contributed to their impact.  

Key findings presented in this report include: 
 
Planning and Preparedness 
 

• Many residents were not prepared for the severity of the February 7th 
bushfires. 

 
• Many interviewees living in more suburban locations had not planned or 

prepared for bushfires because they did not consider themselves at risk. 
 

• A considerable amount of last-minute planning and preparation took place on 
the day. 

 
• There are many examples of ‘weak links’ in people’s planning and preparation 

that affected their ability to implement their fire plan. 
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Information and Warnings 
 

• Agencies such as the CFA and local councils had been only modestly 
successful in informing members of at-risk communities about effective 
preparation and planning for bushfires. 

 
• Predictions in the preceding week were that Saturday 7th

 

 February was to be 
a day of unprecedented fire danger. There was only modest awareness of the 
implications of this in the community. 

• The lack of timely information about developing threats to St Andrews, 
Strathewen, Kinglake, Kinglake West, Narbethong and Marysville may have 
contributed to many people being surprised by the sudden impact of the fire. 

 
• Environmental cues such as smoke were important in alerting people to 

developing threats and in many instances prompted an active search for more 
information or a decision to leave or initiate defence. 

 
Intentions and Actions 
 

• Half of the households represented in the interview sample reported at least 
one household member whose intention was to stay and defend. The 
perceived success of the ‘stay and defend’ strategy in past bushfires appears 
to have influenced people’s intentions to stay and defend. 

 
• A quarter of households in the interview sample reported at least one 

household member whose intention was to leave during a bushfire. Beliefs 
about the survivability of houses and their safety as a refuge during bushfires 
were paramount.  

 
• A significant number of residents intended to wait and see what the bushfires 

were like before deciding whether to stay or go. These residents wanted to 
stay and defend their homes and properties, but were not fully committed or 
confident in their ability to do so in all conditions. 

 
• Approximately 10% of interviewees had not previously considered how they 

would respond to a bushfire. These residents typically lived in more suburban 
locations and did not consider themselves to be at risk from bushfires. 

 
• Less than half (approx. 45%) of the households in the interview sample 

reported that a household member stayed to defend. Some of those who 
intended to stay and defend left because of the severe conditions. 

 
• More than half (approx. 55%) of the households in the interview sample 

reported that a household member left because of the fires. There appear to 
have been many late evacuations. 

 
• A very small number of interviewees sheltered passively throughout the fire. 

 
• Some of those who stayed to defend may have exposed themselves to 

considerable danger by moving around fire-affected areas. 
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Emerging Issues and Themes 
 

• It appears that many residents endeavoured to return to their properties as 
soon as possible after the main fire danger has passed. There are many 
reasons for wanting to return, but the desire to check on the status of and 
defend property appears to be an important driver of behaviour. 

 
• Many community members regarded public buildings, ovals and emergency 

services facilities as safe places of refuge during a bushfire. There is some 
evidence of support for purpose-built community shelters in which residents 
can take shelter during a bushfire. 

 
• Some of those who stayed to defend their homes and properties reported a 

range of factors that influenced their capacity to defend. These included heat 
exhaustion, dehydration, breathing difficulties, and eye irritation. A range of 
pre-existing medical conditions, such as asthma and arthritis, also inhibited 
some people’s capacity to defend. 

 
• Anecdotal evidence suggests that many of those who sheltered passively 

inside their homes may have done so in bathrooms. 
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1. Introduction 
 
On Saturday 7th

 

 February, 2009, Victoria experienced the worst bushfires in 
Australia’s recorded history. A total of 173 people lost their lives and more than 2000 
homes were destroyed, in addition to substantial economic and environmental 
impacts. 

In response to these events, the Bushfire CRC established a Research Task Force to 
undertake research for the fire and land management sector and the fire research 
community in Australia and internationally. It was agreed that the research would 
cover three key areas: 
 

• Fire Behaviour 
 

• Human Behaviour and Community Safety Issues 
 

• Building (Infrastructure) and Planning Issues 
 
The Task Force is led by a team of experienced bushfire researchers from Australia, 
New Zealand and the USA. These researchers, supported by a large number of 
trained field staff from fire agencies throughout Australia, gathered and collated as 
much information as was possible in a time-critical period to support the process of 
learning lessons from the fires.The research undertaken as part of this initiative aims 
to develop an understanding of: 
 

• The fire behaviour exhibited across the major Victorian fire complexes on 
February 7th

 
, 2009; 

• The human behavioural factors that influenced patterns of life and 
property loss or survival during the fires; 

 
• The building and land-use planning factors that influenced patterns of life 

and property loss/survival during the fires; and 
 

• How these factors combined to influence patterns of life and property 
loss/survival. 

 
All aspects of the research consider the question: ‘Was the impact of the fires of 7th

 

 
February consistent with established knowledge or was this the result of previously 
unidentified behaviours or factors?’ Owing to the scale of the events and the limited 
time-frame, this was not a forensic investigation of any individual event, occurrence, 
location or structure, but rather a consideration of the patterns evident as a result of 
these events.  

This is the first report of the ‘Human Behaviour and Community Safety Issues’ team 
(hereafter referred to as the ‘Human Behaviour’ team). It presents findings from a 
qualitative analysis of interviews with residents who were affected by the February 7th

 

 
bushfires. Approximately one-half of the completed interviews were analysed for this 
report. The remaining interviews will be analysed and incorporated into the second 
and final report, which will integrate findings from the qualitative and quantitative 
components of the research (see ‘Methodology’ below). 

At the time of writing, Victoria Police had not yet released details of fatalities 
experienced during the fires. Until that material becomes available, we are unable to 
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comment on fatalities in the context of human behaviour and community safety 
issues.  
 
The following sections outline the purpose and limitations of the research and the 
methods that were used to conduct it. The report then turns to the qualitative 
findings, which are organised around the following key issues in human behaviour 
and community safety: Planning and Preparedness; Information and Warnings; 
Intentions and Actions; and Emerging Issues and Themes. 
 
 
2. Purpose and Limitations 
 
This is the first report of the post-fire research into human behaviour and community 
safety issues during the February 7th

 

 bushfires. It is important to recognise that any 
results or statements in the report are indicative and preliminary. This is the case for 
three reasons: 

• Owing to the limited time-frame, only about one-half of the completed 
interviews were analysed for this report. The remaining interviews will be 
analysed later in 2009 and will be incorporated into the final report.  

 
• No fatality data were available from Victoria Police. Consequently, the 

report does not comment on fatalities in the context of human behaviour 
and community safety issues.  

 
• The first report presents only the findings of the qualitative research. 

Quantitative research findings will be integrated with qualitative findings in 
a future report. 

 
 
3. Methodology 
 
The research was designed with distinct qualitative and quantitative components. 
This report presents findings from an analysis of the qualitative data. There are two 
major components to this post-fire research: 
 
3.1.1 Semi-structured Interviews (Qualitative) 
 
Semi-structured interviews with residents affected by the February 7th

 

 bushfires form 
the main qualitative component of the research. The sample covers the major fire 
complexes and is broadly representative of what happened in different communities 
and locations. Approximately 600 interviews had been completed when the analysis 
began. 

Interviewing is a fundamental method of data collection in social research. There are, 
however, a number of different approaches to interviewing. The most common form 
of interview involves individual, face-to-face verbal interchange; however, interviews 
may take the form of group interchange or telephone surveys. Structured interviews 
aim to gather precise, codeable data to explain social phenomena within pre-
established categories. An example of a structured interview is a verbally 
administered questionnaire in which interviewees respond to an ordered set of 
questions with a fixed range of responses. Structured interviews produce data and 
results that can be easily aggregated and quantified, but tend to obscure the 
complexity of the phenomena under investigation and the diversity of people’s 
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thoughts and experiences. Unstructured interviews, in contrast, aim to understand 
phenomena without imposing a priori categorisations that limit the field of inquiry 
(Fontana and Frey 2005). These interviews entail open-ended questions and 
interviewees are given considerable freedom to shape their responses and the 
course of the interview. In semi-structured interviews, researchers ask open-ended 
questions to explore a few general topics, allowing interviewees to frame and 
structure their responses (Rubin and Rubin 2005). This method of data collection is 
guided by the principle that ‘the participant’s perspective on the phenomena of 
interest should unfold as the participant views it… not as the researcher views it’ 
(Marshall and Rossman 2006, p. 101). The main advantage of this approach is that it 
alerts the researchers to issues that participants believe are most important. It can 
therefore help researchers to identify issues and lines of questioning not previously 
considered. Given the Task Force’s aim of ascertaining whether the impact of the 
fires was a result of previously unidentified behaviours or factors, semi-structured 
interviewing was selected as the primary data collection method for the first stage of 
the research. 
 
A few days after the February 7th bushfires, members of the Human Behaviour team 
separately drafted a series of interview questions relating to community safety 
issues. These questions were reviewed through discussions with other fire 
researchers at a meeting at the Bushfire CRC offices on Wednesday 11th

 

 February. 
A combined list of interview questions was produced and reviewed by Owen Gooding 
of the CFA. The final list of questions can be found in the ‘Interviewer Guidelines’ 
presented in Appendix 1. These questions align well with a later set developed by the 
Post-fire Project stakeholders. 

Field teams were coordinated by the Bushfire CRC and comprised personnel from 
fire and land-management agencies, Terramatrix, RMIT’s Centre for Risk & 
Community Safety, and La Trobe University’s School of Psychological Science. RMIT 
staff took a lead role in training researchers and managing the research process.  
 
Field research teams usually consisted of one Human Behaviour and two Building 
and Planning Issues researchers. The Human Behaviour researchers interviewed 
residents about their preparedness for and responses to the fires, while the Building 
and Planning Issues researchers assessed the impact of the fires on buildings and 
property. There were very few instances where residents declined to be interviewed, 
and almost all gave researchers permission to contact them in the event of follow-up 
research.  
 
Owing to the damage caused by the bushfires and the large numbers of people who 
were displaced, it was not possible to construct a random interview sample. By 
necessity, interviews were conducted at properties where there were residents 
present. Nevertheless, the interview sample covers a range of different locations, 
communities and fire intensities, as well as different outcomes in terms of human 
behaviour and community safety. 
 
 
3.1.2 Mail Survey of Affected Households (Quantitative) 
 
The second stage of the research involves a mail survey of households in bushfire-
affected communities. A survey has been prepared, based on previous post-fire 
surveys and research needs arising from the 2009 fires. The survey addresses the 
human behaviour and community safety issues addressed in the semi-structured 
interviews. Survey results will be presented in a future report.  
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3.2 Ethics and Fieldwork Risks 
 
Ethics approval for the research was obtained from RMIT University’s Human 
Research Ethics Committee. The interviews were conducted and data were 
managed in accordance with the Committee’s requirements. The main ethical issues 
facing research were: (1) the need to engage sensitively with research participants, 
who may have suffered trauma as a result of their experiences; and (2) the need to 
ensure that researchers were coping with the psychological and emotional demands 
of interviewing survivors. All of the fieldwork teams were briefed on these issues and 
received a specialist briefing from the Australian Traumatic Stress Institute. 
Interviewers also carried material to provide to interviewees on the various 
counselling services available to them.  
 
Residents were assured that their contributions to the research would be 
anonymous. Participants will not be named in any of the reports emanating from the 
research. Furthermore, names have been removed from interviews in the database, 
which are labelled by street address. Only the principal researchers and Bushfire 
CRC management have access to the database.  
 
As many of the areas were still regarded as active fire grounds during the 
interviewing process, interviewers were required to have completed basic fire ground 
training before going into the field, wore full personal protective equipment and were 
supervised by experienced fire service personnel. 
 
 
3.3 Data Collection and Analysis 
 
Interviews were digitally recorded with the permission of interviewees and later 
transcribed. The qualitative data analysis software NVivo 8 was used to manage the 
large volume of data and to assist the analysis. The analysis was coordinated by 
RMIT University’s Centre for Risk & Community Safety. As noted above, use of the 
dataset is subject to privacy and ethical considerations. 
 
Analysis began with the development of a coding framework to organise and sort the 
data. The framework was developed through discussions among the Human 
Behaviour team, with input from the Building and Planning Issues team, Fire 
Behaviour team and relevant stakeholders. It is based on the research questions set 
out in the Project Plan and the interview questions detailed in the Interviewer 
Guidelines. The framework sets out the categories of information into which 
segments of interview text could be grouped to enable closer analysis and 
comparison. This process of grouping qualitative data into categories is known as 
‘coding’. In the NVivo 8 program, categories are referred to as ‘nodes’. Using NVivo, 
researchers read through the interview transcripts, highlights segments of text that 
relate to particular issues or themes (e.g. Warnings), and then ‘drag’ the highlighted 
text into the appropriate node. Information on particular issues and themes can then 
be viewed as a whole, enabling closer analysis of emerging issues and trends. 
 
Owing to the timeframe for this Report, it was not possible to read and analyse all of 
the interview transcripts. The analysis detailed in this report is based on 301, or 
roughly one-half, of the interview transcripts. To help ensure consistency, each 
member of the Human Behaviour team was given responsibility for undertaking the 
final stage of the analysis and write-up of findings for each of the major categories. 
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These included: Planning and Preparedness; Information and Warnings; Intentions 
and Actions; and Emerging Issues. The remainder of the interviews will be analysed 
and results will be incorporated in a future report.  
 
Please note that the findings presented below are primarily qualitative. For reasons 
discussed above, the interview data does not provide a solid foundation for drawing 
quantitative findings. Where possible, researchers have attempted to provide readers 
with approximate numbers or proportions; however, these should be regarded as 
indicative and may differ from the quantitative findings that emerge from the mail 
survey. This report is intended to provide qualitative insights the human behaviour 
and community safety issues arising from the February 7th

 
 bushfires.  

 
 
4. Findings 
 
4.1 Planning and Preparedness 
 
This section examines levels of planning and preparedness across the fire-affected 
communities on February 7th

 

, 2009. In this report, ‘planning’ refers to people’s fire 
plans, options, and intended responses associated with bushfire threat, while 
‘preparedness’ encompasses the physical preparation of houses and other measures 
taken to reduce the impact of bushfires. (Psychological preparedness is covered in 
the sections on Planning and Preparedness On Saturday 7th February 2009) 

Levels of preparation for the February 7th fires varied enormously, both in terms of 
the physical preparedness of properties and the planning undertaken by 
householders. Analysis of the interviews suggests that many residents planned and 
prepared for ‘normal’ bushfire conditions and were not adequately prepared for the 
extreme conditions of February 7th. This was particularly evident in interviews with 
residents from Marysville, St Andrews, Strathewen, Steels Creek, and Kinglake. 
There are many examples of good planning and preparedness in the interviews. 
Equally, there are examples of poor or non-existent planning and preparedness. The 
decisions people made prior to February 7th

 

 and on the day offer valuable insights 
into their prior knowledge and expectations of bushfires. 

There are also many illustrations of ‘weak links’ in people’s planning and 
preparedness that impact on their ability to implement their plan during a bushfire. 
These examples demonstrated the need for planning for multiple possibilities and for 
considering situations outside their realm of experience. This is particularly evident in 
situations where people intended to: (a) leave early, but had to stay with their homes 
during the bushfire because it was too dangerous to evacuate; or (b) defend, but had 
to abandon their house because of the intensity of the fire and/or failure of defensive 
endeavours. 
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Physical Preparedness of Properties 
 
Physical Preparations Prior to February 7th 2009  
 
In many cases, interviewees had carried out some vegetation management on their 
properties prior to February 7th

 
. For some, this was very extensive: 

We cleared up all our vegetation with a bulldozer and grader we’ve 
got, cleared around our sheds, cleaned up anything that was 
burnable near the house; anything that was inflammable was 
moved. And a lot of it I buried in the dirt to make sure it wouldn’t 
blow around again. And the fact that we’ve got big gaps between, 
100-and-something metres between us and the nearest scrub was 
a big help. 

– Marysville 
 
For others, it was more a case of managing the fuel loads rather than clearing a large 
break between the bush and their property: 
 

My preparation was simple. The previous week before I’d raked and 
put everything down the creek, all the leaves and that. The house 
was pretty clean. 

– Flowerdale 
 
An indication of a high level of planning and preparedness was the installation of 
copper sprinkling systems on roofs: 
 

I put the sprinkler system on the roof and around the house to 
withstand a huge fire – all copper. The pump was – I made sure 
that was under the house so I could get to it easily, and away from 
the fire. I made sure I had at least 70,000 litres of water to feed off; 
concrete tanks. 

– Strathewen 
 
There were also examples of other sorts of specific fire-protection systems such as 
radiant heat shields for windows: 
 

And I’ve got some sprinklers on the roof and ones at, you know, 
various places around the perimeter. I had the windows covered up 
with cement sheet, which I’d pre-cut and drilled a couple of years 
ago, so they were all – but I’d had them on the windows for a 
couple of weeks prior to the fire coming. I’d had nothing on the 
verandas. 

– Strathewen 
 
A dedicated water source for fire-fighting often accompanied setups with sprinkler 
systems: 
 

I had five tanks altogether. I had two 22,000 litre tanks that were up 
the top of the hill, that were actually higher than the house, and 
they were my fire tanks. They were full, and the plan was always if I 
got stuck, I could just turn the tap on at the house and it would run 
the sprinklers on the house. 

– Strathewen 
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However, this degree of preparation was the exception, not the rule. In many more 
instances, preparations undertaken prior to February 7th

 

 were less comprehensive. In 
some cases, preparedness was limited and not directly associated to bushfires: 

But I hadn’t taken any measures or anything. I mean, all I did was 
basically keep the grass cut all the time… Not because of bushfire 
reasons, only because I just wanted it neat. 

– Flowerdale 
 
There were isolated examples of long-term planning for bushfires, where residents 
had factored in the fire risk to the building of their properties: 
 

We gave some consideration to siting the house in the right place, 
and then it is surrounded by a green garden and then paved areas, 
a patio to the back and veranda to the front, well on each side. 
Then it was built of stone. We had then an appropriate fire-fighting 
kit and emergency watering systems and all that sort of stuff.  

– Marysville 
 
Many interviewees living in more suburban locations had not planned or prepared for 
bushfires because they did not consider themselves at risk: 
 

Interviewer: So other than the wetting down – so had there been 
any other preparations for a fire? 

 
Interviewee: No. We’re not actually what you’d call in forest 
country… It’s not as though you’re in the Grampians or something 
like that, in the bush. We’re not in the bush in that manner. 

– Horsham  
 

Interviewer: Did you think that there was any possibility of a fire 
happening in that area? 
 
Interviewee: No, I didn’t. I’ll tell you what. We’ve lived there for 
nearly seven years, and I saw the grass tall all the time. They 
mowed it or slashed it once or twice a year. The only thing that 
bothered me with the grass was snakes, not fire. 

– Narre Warren South 
 
In terms of preparedness prior to February 7th

 

, interviewees tend to fall into one of 
three broad categories: (1) those who had built fire-preparedness into their daily 
lives; (2) those who had some measures in place to implement if the need arose; and 
(3) those who had undertaken minimal or no preparation and were often unaware of 
the fire risk. Interviewees in the latter category were more likely to occupy residential 
properties in towns or on urban–rural fringes than to live on farming properties. 

 
Physical Preparations on February 7th 2009  
 
Many interviewees took action to prepare their house and property owing to the 
weather conditions experienced on February 7th. Some began preparing early in the 
morning: 
 

Early – probably from 9 o’clock onwards, I started to just clean up 
leaves and just move things from around the house away from the 
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house, and trim back sort of low shrubs that are growing near the 
house. Yeah, just keeping leaves and debris away from the base of 
trees so that the fire wouldn’t travel up the trees… Plugged the 
gutters, filled them with water; just wet it down around the perimeter 
of the house, and under the house, with the garden hose. I put a 
steel shutter on one window – that’s all I had time to do. 

– Strathewen 
 
For others, a lack of awareness or early warning about a threatening fire meant they 
started their preparation much later in the day: 
 

As soon as we smelled it, we jumped out of the pool and ran 
around, and I put Mum and Dad in the car and told them to take the 
kids… I ran around and put all the sprinklers on, because we’ve got 
sprinklers on the boundaries. [My husband] filled up the baby pool 
with water and some buckets and I come inside and put towels all 
at the doorways and stuff like that.  

– Flowerdale 
 
The speed of the fire caught some people out, impacting on their level of 
preparedness on the day: 
 

We ended up with one or two buckets of water inside the house. 
You know, we should have had like, you know, one on every bore. 
We didn’t even have wet towels underneath doors, on the bottom of 
doors. You know, my bushfire kit, which was in a bag, was all burnt 
up, you know. We got caught out. 

– Kinglake 
 
In some cases people undertook work in anticipation as they knew it was a bad fire 
day or because of other influencing factors: 
 

We knew it was going to be a fire ban, and my husband was in 
hospital so I decided to stay home that day, and we were prepared 
outside with buckets and mops and I had buckets of water and 
everything inside and towels along the fence. 

– Clonbinane 
 
A number of those who planned to stay and defend did encounter problems that 
impacted on their preparedness. A loss of water pressure caught some people out: 
 

We did try to fill the spouting up earlier in the afternoon. It was – it 
would have taken five hours… to fill the spouting with the amount of 
water pressure we had. 

– Bendigo 
 
In other cases, the loss of power impacted on what preparation people were able to 
do immediately before the fire arrived: 
 

So we got everything we filled that we could. And then the power 
started going … so we had no water. So then we were just basically 
waiting. 

– Kinglake West 
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Personal protective equipment formed part of the preparedness for many people. 
The extent to which clothing conformed to recommendations varied: 
 

We had a big box of clothing and all the gear and the equipment. 
That day we all had our long clothes on. We had the gloves and the 
goggles and the protective head/neck things. 

– Koornalla 
 
In summary, physical preparedness of properties took on a greater sense of urgency 
on February 7th

 

, with many people reporting that they undertook ‘last-minute’ work to 
prepare their homes on the day of the fire. This was often regardless of whether 
people were planning to stay and defend or to leave. For some, this was a pre-
planned and rehearsed set of tasks, while for many more it was quite haphazard and 
reactive to the situation they were confronted with. Common preparations included 
raking up leaves close to the house (this had been a particular problem with the 
extremely dry conditions over the summer), filling containers with water, blocking 
gutters, laying out of garden hoses and wetting down the outside of buildings. 
Sprinklers varied from copper systems on rooftops and under eaves in a limited 
number of cases through to more commonly garden systems and poly piping. Other 
innovations included radiant heat shields for windows and pumps in a few instances.  

 
Planning Undertaken by Householders 
 
Planning Prior to February 7th 2009 
 
As indicated previously, there were great differences among fire plans described by 
interviewees in terms of comprehensiveness and appropriateness for a severe 
bushfire. Some fire plans were well-established and associated with considerable 
preparation over a long period of time: 
 

Interviewee: We have a fire plan here which we have developed 
over the years and we think we have a pretty adequate defence 
against wildfire here. We have a buffer zone around the home and 
a defendable property, our whole defence was predicated on ember 
attack, because we have got a bit of a buffer zone around the 
home. 
 
Interviewer: About how far would you say it’s cleared to? 
 
Interviewee: That’s the closest, which is about 100 metres. So, 
we’ve got at least 100-metre buffer around the home area with 
grazed paddocks.  

– Jindivik 
 
Other fire plans were more focused on preparing to defend on the day of a fire: 
 

Look, we actually cleaned out all the gutters, we had the backpacks 
filled. We had buckets with water and nappies on the end of sticks 
and things. We have got a fire pump up with a 5,000-gallon cement 
tank. And basically, we, around the outside this bit is fairly cleared 
so we knew that, hopefully if it was going to land on the house, we 
could have defended it. We were in the process of putting 
something under the actual eves to dampen down the deck. 

– St Andrews 
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Some ‘plans’ could be described as minimal, at best: 
 
If I was going to get into trouble, I was going to get on the tractor 
and drive straight through the barbwire fence, there’s a big dam at 
the bottom of our place, that’s where I was going. I anticipated – 
this is what I thought in my brain what my plan was, if the wind’s 
blowing at 80 or 90 or 100 clicks an hour, the fire’s going to be past 
pretty fast. So if I can stand the radiant heat for that 10 seconds or 
20 seconds, I can get down to the dam and throw a towel over my 
head so I don’t get smoke inhalation. 

– Labertouche 
 
For some interviewees, the events of Saturday 7th

 

 February revealed major 
shortcomings in their fire plan: 

Interviewer: Did you have fire plan, what to do in the event of a fire? 
 
Interviewee: Well, see, I thought I did, but as it turned out, I totally 
didn’t. I think in this situation, hindsight is a great thing. And I’ve 
talked to my friend in depth since – because they ended up – they 
live out at Bullen and they ended up – her husband came home 
from the DSE fire room, because their property was at risk. So I 
talked to her afterwards about what their fire plan was, and I 
realised that what we had done was very minimal compared to what 
people who know about fires actually do. 

– Labertouche 
 
In general, residents on farming properties were much more likely to describe a 
detailed fire plan than were residents of residential properties in townships (e.g. 
Horsham) or on urban–rural fringes (e.g. Narre Warren). Time and cost were 
identified by some interviewees as significant barriers to planning and preparing: 
 

I didn’t have a fire plan… I didn’t have water tanks… That was 
always a project that I put off for another weekend. 

– Marysville 
 

There is a fine line, you know. You spend money on diesels, which 
will run longer, but instead of 1,000 bucks they are 5,000 bucks a 
motor. We had four motors. I think three or four burnt out. We knew 
of the risk of using poly pipe just for that last bit. All the pipes are 
pretty much underground. We knew the risk and – but once again 
there is only so much you can do, you know. 

– Koornalla 
 
A critical element of planning was making a decision to stay and defend or leave 
early. These decisions are discussed in the ‘Intentions’ section of this report. 
 
In summary, some people undertook detailed planning for possible impact of a 
bushfire. In a few instances, interviewees reported being quite sure of their intention 
without having formulated it into a (written) plan. What constituted a ‘plan’ varied 
considerably among interviewees and was usually closely related to their level of 
physical preparedness. Past experience of fires, and interviewees’ general bushfire 
awareness and their recognition of warnings of high fire danger appear to have 
impacted on their planning both longer term, and in the immediate build-up to 
February 7th.  
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Planning on February 7th 2009 
 
Some people’s plans changed on the day owing to the circumstances they found 
themselves in. Therefore, they were planning for different eventualities: 
 

If I was on my own, I would have stayed, but because I had my kids 
and dogs and all that, I said ‘No, we’ll get out’. 

– Flowerdale 
 
 
For others, there were no plans in place: 
 

All this talk about putting our fire plan into action, well, to be quite 
truthful, we didn’t have one. 

– Marysville 
 
 
A ‘wait and see’ strategy is exemplified in the following, where the interviewee 
considered a contingency plan in the event that the couple were unable to save their 
house: 
 

I had the car loaded with a few things, like the insurance policy, and 
we were – that was our last resort. Had the house caught to an 
extent that I couldn’t put it out, I was going to go as far as the front 
gate. You see it’s a fairly long driveway and it’s fairly open, and 
that’s as far as I was going. I wasn’t going on the road. 

– Kinglake 
 
 
There was a belief by some that even though there was a fire in the area, it was 
unlikely to affect them. Therefore they left, but only as a precaution, expecting to 
return to a home still standing: 
 

Even when the fire was up along that ridge there, like coming – it 
wasn’t over the hill, but it was just coming over, you know, you 
could see the smoke and the heat and that, I really thought it’s not 
going to get us. You know, it won’t come here; it will cut off, do you 
know what I mean? So we didn’t grab really anything. We just 
grabbed a couple of photos thinking we’re going to come back to 
our house. 

– Strathewen 
 
In some places, even those who stayed and defended and were successful in 
protecting their home felt that it tested their resources to the limit: 
 

I’d never been in a fire like that before, so I didn’t know what it was 
going to be like, but it certainly tested all my preparation, I’d say 
that. It was very ferocious for a long time. 

– Strathewen 
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Several interviewees who had successfully defended their home spoke of the need 
for both physical and psychological preparation to deal with the kinds of conditions 
encountered on Saturday 7th

 
 February: 

I carried thousands of buckets of water, and this is like – I’m really 
fit and I know, because I’m a black belt and I have done all my 
black belt gradings and stuff like that, and I know what it takes to be 
fit. And I know that it takes – you have got to be very level-headed, 
and you have got to be very conservative in your energy and you 
have got to be consistent nonstop. You just keep going, don’t run; 
don’t do anything silly. 

– Strathewen 
 
 
Past experience of bushfires appears to have often been a prompt for some people 
to prepare more thoroughly: 
 

I knew where the fire was coming into and we prepared everything 
here. If you have a look around, you’ll notice I’ve got a firefighting 
pump in the carport and 500 gallons of water that’s not used for 
anything else because I’ve had this happen to me twice before in 
another location, and it was only the wife and I, and between us we 
had 151 years experience. 

– Kinglake 
 
Several barriers to effective planning and preparedness are evident from the 
interview data. These include complacency, which is encapsulated in the following 
statements: 
 

 
Much of what I’ve just sort of said. Have your fire plan and that. But 
a lot of people probably didn’t carry it out. And, as everyone knows, 
it’s CFA has a meeting each year and sort of advise them on what 
to do. But whether people do it or not is another thing. But, no-one 
was ready for this fire. It was too quick. It was on them. That’s 
where all the trouble started: people trying to get out at the last 
minute. That’s where I reckon it… All I know is that two or three 
people were killed in cars that were just trying to get out at the last 
minute, which was a real no-no, as we know. 

– Callignee 
 
 
And, like, the lead-up to it, there was no real – we knew we would 
have a lot of heat, and we knew everything was very dry. And, you 
know, like, we’d become complacent. That’s all I can say. You 
know, we had become complacent to it. We just think that we’re – 
you know, you just can’t imagine that horrid day where those high 
winds and the high heat, it was just out of this world… You know, 
how could you have planned for that? There’s just no way, you 
know. 

– Wandong 
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Clearly, a considerable amount of last-minute planning and preparing took place on 
the day, as people reacted to the outbreak of bushfires. For some, the trigger for 
implementing their fire plan was the fact that Saturday was a day of total fire ban. For 
others, it was the first sign of smoke. A range of factors influenced the 
implementation of fire plans, options and intended responses. Issues included 
whether the occupants were home at the time, and who was present. A common 
trend was for the husband to stay and defend and for the wife, children and pets to 
leave. Contingency plans appear to have been considered by some but certainly not 
all people. The extreme nature of the fires appears to have tested the extent of 
people’s planning and preparedness. An important aspect of this was psychological 
preparedness, which influenced people’s capacity to cope with the fires and their 
ability to plan and think clearly. 
 
The analyses suggested important geographical differences in levels of planning and 
preparedness. Differences were particularly apparent between residents of 
(a) Kinglake, Churchill, Bendigo, Horsham, and Narre Warren; and (b) other fire-
affected areas, such as St Andrews, Strathewen, Steels Creek, and Jindivik. The fire-
affected areas in (a) were (mostly) relatively suburban in character – albeit in rural 
settings, and, generally speaking, interviewees described a lower level of planning 
and preparedness. Many of these residents expressed surprise that they came under 
threat from bushfires. In contrast, properties in areas listed in (b) mostly adjoined, or 
were surrounded by, forest or bushland and, in broad terms, interviewees indicated a 
greater awareness of bushfire risk. Comparable differences were also apparent 
between the planning and preparedness of residents in the main streets of Marysville 
and Kinglake and those on the outer perimeter, whose properties adjoined forest and 
bushland.  
 
For some interviewees, the link between preparation for bushfire and house 
survivability appeared anything but clear-cut: 
 

After this fire, we have seen so many houses sitting right in the 
bush, right up to the door and the house is still there, and the fire’s 
gone all around and you think, well, there’s no logic to fire… It is 
totally indiscriminate. You can do everything you feel like we should 
be doing, or you can do nothing at all, and at the end of the day, the 
fire is going to tell you which one worked, but did it work? You 
never know. 

– Marysville 
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4.2 Information and Warnings 
 
Information Received Before the Fires in Relation to Preparation for 
Bushfire Risk 
 
A substantial minority (about 1 in 3) of interviewees said they had received 
information about how to prepare for bushfires prior to the 2008/09 fire season. In 
about two thirds of those cases, information came from some notionally authoritative 
source. The source mentioned most frequently was some form of CFA-organised 
community bushfire safety program:  
 

I felt reasonably well prepared. I mean, we’ve been to CFA fire-
prevention meetings and – and I know in a meeting we went to a 
number of years ago they basically emphasised that you should 
clean up your property for – of debris and leaves. And anything less 
– anything less than the size of your small finger, that was the rule 
of thumb they gave, was – is what catches fire most easily and 
burns the hottest. 

– Callignee 
 
Almost all interviewees who mentioned attending CFA fire preparation meetings were 
positive about the information provided: 
 

I suppose with these regular meetings, it’s probably a good thing, 
you know, for the community. I think that’s – if you’ve got to learn 
something new, that’s the place to learn it, because otherwise 
you’re not – you know, where are you going to get your advice 
really from? I mean they’ve had a few meetings during the year, 
about preparations and so forth like that. I think most of us had 
taken the preparations. 

– Labertouche 
 
Several interviewees commented positively on the contribution of Community 
Fireguard groups and phone trees: 
 

Interviewer: And you had a plan of what you were going to do? 
 
Interviewee: Yes, we actually had a neighborhood plan. The phone 
tree and all that sort of business. 
 
Interviewer: And have you done that on your own or is that with the 
CFA? 
 
Interviewee: … Yes, with the Fire Brigade and all that. So we had 
quite a few meetings here and that, and bits and pieces of that 
meeting did work for us. 

– Pheasant Creek 
 
A small number of interviewees mentioned that they had accessed other CFA 
materials about preparing for bushfire: 
 

Interviewer: Have you been to any CFA meetings or looked on the 
Internet or read any of the brochures about what to do to prepare? 
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Interviewee: If there’s a fire? Yes, we have. My husband went to the 
CFA meetings – he’s a member of the CFA. So he went to those 
and my son’s also a member. We had booklets that said what to do, 
how to prepare the ground and your roof and everything. 

– Mudgegonga 
 

Interviewer: Had you been to any of the CFA meetings or read 
literature or looked at the website about fires? 
 
Interviewee: I had looked at the website, I had read some literature. 
Again, I didn’t really have a strong fire plan because my fire plan 
was to evacuate.  

– Barwidgee Creek 
 
While the accounts were mostly positive, a small number of critical comments were 
made about CFA advice on bushfire preparation: 
 

I was very concerned when I came out of that fire that I was still 
hearing daily recommendations by the CFA that if you see fires, 
stay in your house. If I had stayed in my house, I can tell you I 
wouldn’t be speaking out of this microphone, but all my neighbours 
obviously wouldn’t be speaking out of this microphone. But yes, 
that’s a strong [wrong?] recommendation. I felt like ringing the ABC 
the next day and saying ‘How can you recommend people staying 
in their house if they see fire?’ because the houses aren’t 
survivable in this heat. That was the main concern I have.  

– Kinglake 
 
A number of interviewees stated that they were, or had previously been, CFA 
volunteers or employees of DSE. They attributed the knowledge of fire behaviour and 
fire safety upon which they drew before and during Saturday 7th

 

 February to their 
training and experience: 

Interviewer: I notice you’ve also got your CFA hat on. A former 
member of CFA or current member? 
 
Interviewee: I’m a life member… I’ve been an officer in the [name 
removed] fire brigade for years… I was the group officer for about 
six years. I’ve been to a great many fires, so I knew what to expect. 

– Kinglake 
 
Some interviewees reported that they sought and obtained information and advice 
informally from individual CFA volunteers: 
 

And I even had my niece, knew one of the volunteers just starting to 
do his volunteering fire-fighting. He was fantastic and he said ‘Look, 
you are pretty safe where you are’. 

– Pheasant Creek 
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Some of interviewees indicated that they were aware of community fire preparation 
programs, but chose not to participate in these: 
 

Interviewee: The people in this neighbourhood had actually set up 
their own little fire meetings. And everyone was worried about it this 
year, because there was so much fuel around and it was so hot. 
And I never went to any of their meetings. 
 
Interviewer: Did your husband go? 
 
Interviewee: No, no… He’s not into it. He just thinks half of them 
just want to see a fire. 

– Callignee 
 
 
A very small number of interviewees said that they had not received any information 
about fire preparation and/or did not know that such information was available. 
 
In summary, it appears that agencies such as the CFA and local councils had been 
only modestly successful in informing members of at-risk communities about effective 
preparation and planning for bushfires. The overall impression created by the 
interview data is that uptake of available community bushfire preparation and 
planning information by residents: (a) varied greatly between individuals and across 
communities; (b) was partial and ad hoc, and (c) was likely to be out of date. Very 
few interviewees referred specifically to material about preparing for bushfires from 
the CFA website, nor to any of the publications listed on that site.1

 

 Perhaps a final 
comment from a CFA volunteer is informative:  

Apathy’s got a lot to do with it. We had a fire, like before the 
summer started, that’s with the CFA, we had a – an awareness 
program running. And we had three people show up – you know, 
for the whole community!  

– Koornalla 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
1 Note: Owing to the semi-structured nature of the interviews (see ‘Methodology’), not all interviewees 
were specifically asked whether they had used CFA materials when preparing for bushfires. Findings 
about the extent to which CFA materials were used will be drawn from the results of the mail-out 
survey of affected households. 
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Warnings People Received: Source, Form, Effectiveness 
 
Prior to Saturday 7th February 2009 
A minority (about 1 in 5) of those interviewed spoke of some level of awareness of 
heightened risk of fire predicted for Saturday 7th

 

 February (however, not all 
interviewees were asked specifically about this). Of these, almost all associated 
higher risk of fire with forecasts of extreme fire danger weather reported by the 
media: 

On the – on the radio, they were saying it was going to be a terrible 
day, that – the Saturday. And on the television. And, you know, we 
take those that, you know, they’re not spewing – spewing off. 

– Kinglake 
 
Mostly, the impact of the reports was a raised general level of concern: 
 

No, but really the week leading up to that when we heard it was 
going to be, you know, another 45-degree day, and they did say 
that the winds were going to be, you know, pretty bad. Yeah, we 
were worried. We were worried the previous week as well. Anything 
over 35 degrees. 

– Kinglake 
 
Only a few of those interviewed indicated that the forecasts and warnings resulted in 
any changed behaviour prior to Saturday: 
  

Now Wednesday the report comes through: Saturday is going to be 
horrendous. I panic. Talk says that people weren’t warned. That’s 
utter rubbish, as I said, Thursday morning I was already not 
panicking, but I was fully aware of what Saturday may be like and I 
was doing a lot of preparation work ready for Saturday. I’ve never 
brought my dogs to the shop in the past, I always thought I’ll go 
home and get them. But that Saturday because of the weather 
forecast, I was fully aware of what could happen. For anybody who 
says they weren’t warned, I’m sorry, but bullshit. The warning was 
more than adequate.  

– Narbethong 
 
A few interviewees acknowledged that they took little notice of the warnings because 
previous warnings had repeatedly come to nothing: 
 

Interviewer: But did you hear the warnings the week before, like the 
Wednesday and the Thursday prior: that Saturday potentially was 
going to be a bad day? 
 
Interviewee: We heard that, but then, you know, you are getting 
used to hearing those sort of things, aren’t you? Like you know, 
total fire bans and all that. We don’t leave, because [it’s not 
practical] if you leave every time it says a total fire ban… 

– Pheasant Creek 
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Some interviewees reported that while they were informed about the predicted high 
fire danger through radio and TV, they did not think that this was relevant because 
they did not believe they resided in an at-risk area: 
 

Interviewer: In the news there was total fire ban and, of course, it 
was stinking hot the time before. Was there any inclination or any 
thought on your behalf that you should monitor the news or 
anything else for fires in this area? 
 
Interviewee: No, absolutely not. I was just … 
 
Interviewer: So you didn’t think about it? 
 
Interviewee: No, I didn’t really think about it. I mean, I thought about 
it, not for ourselves, but to the point of other people, ’cause I know 
people that live in fire-danger areas but certainly didn’t think a fire 
would come through here. 

– Narre Warren South 
 
Others reported awareness of heightened risk, without this awareness leading to any 
particular actions: 
 

Interviewer: Take us back to the Friday, the day before, when 
presumably you became aware of the severe weather warning 
predictions. 
 
Interviewee: Yes, all right. Well, we were aware of the warnings but 
I must say, we were either very dense or somehow the message 
wasn’t sufficiently concerning to make us change our usual fire 
plan. 

– Strathewen 
 
A few of those interviewed reported a general sense of complacency among fellow 
residents in the face of the warnings issued earlier in the week: 
 

There was enough information on the wireless warning everybody 
that it was going to be bad on the Saturday, the wind’s going to be 
strong, and all that. The big trouble is, even my wife was saying – 
she works in the op shops and things in town, and knows a lot of 
the locals – and said to them, ‘Have you cleaned the leaves out of 
your gutters and done anything for the Saturday? They’re warning 
it’s going to be a very bad day’. And they all said, ‘Oh, no, 
Marysville will never burn’. That was their attitude, you know, 
‘Marysville will never burn’. 

– Marysville 
 
A few admitted that they simply took no notice of the warnings: 
 

Well, we did get information a few weeks prior that it was going to 
be a really bad fire season, okay. And we are guilty to it, we weren’t 
prepared for it. We didn’t actually take any notice of it to be 
honest… 

– Marysville 
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A small minority reported that they were unaware of the predicted danger: 
 

…but if I’d known it was going to be bad, I would have filled that 
tank up with dam water… But we didn’t realise it was going to be 
that bad. I did some silly things. I never listened to ABC radio… 
which was very efficient. 

– Clonbinane 
 
 
Interviewees in the Labertouche–Jindivik area were very positive about the advice 
provided by CFA and DSE in the days before February 7th

 

 (a fire had been burning in 
the nearby Bunyip State Forest for some time, so the risk posed by the predicted 
weather conditions was well-known): 

The day before Black Saturday, there were community meetings at 
Labertouche and Jindivick. We went to the Jindivick one where it 
was outlined most dramatically by the CFA exactly what would 
happen on the Saturday. I have got a little map there I just looked 
at the other day, which they gave us the day before – I have got the 
date on it – telling us exactly. They said this fire has been contained 
but it will break out tomorrow in the morning and it will head this 
way and it will encompass this area, and that’s exactly what it did 
on the day. I’ve never witnessed such an accurate portent of what 
was going to happen as the CFA guy told us.  

– Jindivik 
 
 
 
In summary, it appears that overall, there was not a high level of community 
awareness of the level of risk implied by predictions in the preceding week that 
Saturday 7th February was to be a day of extreme fire danger. Very few interpreted 
the predicted conditions to mean an exceptionally high level of fire risk. The most 
frequent outcome of the early predictions and warnings was to raise general, non-
specific, concern about the possibility of fire, and to probably promote a ‘wait and see 
on the day’ response. Only a small minority of residents of at-risk communities 
appear to have interpreted the warnings as having implications for their personal 
safety and the security of their property resulting in either early action to prepare their 
property for defence, or a decision to be elsewhere. Perhaps a final quote from a 
survivor summarises the situation prior to Saturday 7th

 
 February: 

…everyone’s saying that there was no warning, and there wasn’t 
[on the day], but everyone was warning for two days prior about 
how filthy the conditions were and saying that it could be worse 
than Ash Wednesday, and it was! 

– Bendigo 
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On Saturday 7th February 2009 
 
Most of those interviewed (about 4 in 5) made reference to communications, 
warnings, and information on the day of the fire. Many used multiple modes of 
communication: 
 

And by this stage, the clouds were really getting more intense and 
bigger and higher. I put my – the radio station on – on 774. And I 
put the computer on. And I was just refreshing on the DSE website 
and the CFA website to see what was happening. And the whole 
time we – we had presumed that the fire was in Kilmore East. I rang 
a girlfriend in Kilmore East, and it was just behind her – in front of 
her. So it was going away from them…. And that was all fine. And 
then we just kept watching, and then about 4.30, I got a phone call 
from my friend who’s a park ranger, and she told me to get out. 

– Kinglake West 
 
 
Most interviewees reported having the radio on (generally 774, a few mentioned 
3AW). Very few made reference to specific, useful information being broadcast. For a 
small number, warnings broadcast in the morning contributed to a decision to leave 
early. The major contribution of 774 broadcasts seemed to be one of raising general 
awareness of fire risk, possibly resulting in increased vigilance: 
 

Anyway, not quite sure of times but mid-afternoon or late afternoon, 
I was listening to the radio and heard there was a fire at 
Beechworth, so I alerted my husband and within about 5 or 10 
minutes they had ember alerts and they had a very thorough 
coverage on the ABC radio, so they warned that there were ember 
alerts at Mudgegonga, Barwidgee Creek, Carrolls Road, 
Rosewhite. 

– Rosewhite 
 
However, for others, especially later in the day when fire activity was rapidly 
increasing, the lack of timely information about developing threats to St Andrews, 
Strathewen, Kinglake, Kinglake West, Steels Creek, Narbethong, Marysville, 
Horsham, Narre Warren, and Flowerdale may have contributed to many people being 
surprised by the sudden impact of the fire. Because these communities were not 
identified as being under threat, many residents appear to have assumed that they 
were unlikely to be threatened. There were several negative evaluations of the 
information broadcast: 
 

Well, the main thing was that if you listened to 774, there was 
absolutely no warning at all. I mean, we had some warning because 
we were up high, we could see it. I think at one stage they said the 
fire is getting to Happy Valley, you know, down towards Strathewen 
but there was no mention… I mean [this is] not a criticism but… No-
one up here knew, basically. We had been told that there was a 
southerly change coming through but we didn’t know how big the 
fire front was. 

– Pheasant Creek 
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Many interviewees sought information from the CFA and DSE websites, very few 
phoned the Bushfire Information Line. There were no positive references to the 
websites. There were several negative evaluations of both websites: 
 

Yeah, I went to the CFA website and I also went to… I think it was 
the DSE website, but the DSE one was so bloody slow, but they 
were probably, I reckon, three hours behind in their information, but 
I could see where it’s creeping. 

– Kinglake 
 
Most interviewees mentioned making and receiving telephone calls (both fixed-line 
and mobile) concerning developing fire threats. Most were from or to family 
members. Generally, warnings from family members were taken very seriously and 
had considerable influence over subsequent decisions. The few references to 
community phone trees were mostly positive: 
 

Well, we got a Fireguard warning, okay… ‘Instigate your bushfire 
plan, instigate the fire plan’. 

– Kinglake 
 
However, a few interviewees commented that their phone tree began to break down 
on Saturday as residents evacuated: 
 

Interviewee: The smoke suddenly would seem to flare up a bit 
closer. So we got on the tree and said, well, look you have got to 
make the decision whether you stay or go. That is what people did. 
 
Interviewer: Yes. So you started, the tree started, from here? 
 
Interviewee: The tree started from here, yes. It is always difficult, 
the phone tree, because people – you know, people have already 
left. 
 
Interviewer: Yes. So they can’t pass on a message. 
 
Interviewee: All the next one can do is leave a message and hope 
and go on to the next one. But the ones that could be contacted 
were contacted, yes. 

– Jindivik 
 
For many of those interviewed in the Bendigo, Flowerdale, Horsham and Marysville 
communities, verbal warnings provided directly by police, and CFA and SES 
volunteers were very important in enabling some residents to evacuate safely: 
 

Then as far as I can remember, a police officer came up the 
driveway and said that we needed to get out now or to stay and 
fight because it was coming straight down the road and it will come 
straight over us.  

– Mudgegonga 
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Several interviewees stated flatly that they received no warnings: 
 

Interviewee: See, that was the thing. No-one had any warning at all. 
 
Interviewer: So you didn’t hear anything on the radio? 
 
Interviewee: No, no. 

– Kinglake 
 
Not all residents in fire-prone communities spend total fire ban days avidly seeking 
information about possible fire threats: 
 

We had no idea the fire was coming, so we were in the swimming 
pool having a glass of wine. But, you know, we had no warning. 
There was no – like two years ago when there was a fire, there was 
a lot of communication. But we didn’t know this was coming. 

– Pheasant Creek 
 
By way of a final observation, no interviewees explicitly mentioned text messages as 
a source of warning information before the fire impacted, although a small number 
mentioned using text messaging as a means of communicating with family and 
friends after the fire had passed through. 
 
 
Environmental Cues of Fire on Saturday 7th February 2009 
 
The majority of those interviewed (about 3 in 5) reported noting environmental cues 
alerting them to the presence of fires on Saturday 7th

 

 February. Not surprisingly, the 
most frequently reported environmental cue was smoke:  

About lunchtime – 12–12.30 – the wind changed and swung around 
to the west. And we could see the smoke coming back towards our 
property. So, once we saw the smoke, we knew it was time to make 
a decision. 

– Bendigo 
 
For many of those interviewed who lived in locations that they did not believe were at 
risk of fire, environmental cues provided the first indication of imminent fire threat: 
 

Interviewee: Right. I was home there by myself and I was watching 
TV at the particular time and the sun was out and then all of a 
sudden it sort of came dark and I went outside and, yes, there was 
a lot of smoke coming through that area over there. 
 
Interviewer: From across the golf course? 
 
Interviewee: Across the golf course, yes.  

– Horsham 
 
For most interviewees, awareness of smoke made a positive contribution to survival 
in that it increased vigilance, often precipitating active efforts to obtain more 
information about the nature of the threat. However, in some instances, smoke cues 
were misleading and distracted survivors from the real threat: 
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Interviewer: Right okay. Now, what I want to check with you next. 
You’ve mentioned – the only visual – well, the only warnings that 
you had that the fire was imminent was, you know, smoke and then 
the sound. 
 
Interviewee: Yes, but the fire came from a totally different direction 
to the smoke. 

– St Andrews 
 
Somewhat fewer people nominated seeing flames as a cue to likely imminent threat: 
 

I looked through the back yard of me trees, which I’ve got a gap 
400–500 metres of grassland which I’d just baled, and I saw it – I 
could see the orange flicker between the trees, and I went – ‘Oh, 
that’s not good.’ So I just got my missus and me little boy. I said, 
‘Get in the car. Get the heck out.’ 

– Kinglake 
 
 
A number of interviewees reported that both smoke and flames signaled imminent 
fire impact: 
 

Yeah, obviously we just kept an eye on everything. So when we 
kept looking at the hills, you could see the smoke that was getting 
whiter rather than… and there was more smoke and there was 
more smoke and the wind was getting stronger. In the end, the wind 
was bending the trees over, it was so strong. All of a sudden, up 
over the hill comes this fire. 

– Labertouche 
 
 
A small number of those interviewed identified embers as a cue to the likely 
seriousness of the emerging threat: 
 

I saw some smoke to the north-west, quite some distance away. 
From that fire, there was a thin ribbon of smoke in the sky which 
came directly over the top of here, so I knew it was headed for 
here. I figured I probably had another hour at least, two hours. By 
then dead embers were falling on Narbethong. Yes, black embers, 
it was just raining them. 

– Narbethong 
 
 
A few interviewees reported that the sound of the approaching fire was the first 
indication of imminent threat: 
 

You could see in the distance, a glow and smoke but you couldn’t 
really tell which way it was coming or whatever. This was about 
midnight or thereabouts. We’re just looking around and trying to see 
what was going on and what or if we had to do. Then a massive 
roar came and then flames came, flames came over the ridge. 

– Barwidgee 
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In summary, for many of those of those interviewed, environmental cues as to the 
threat of fire (smoke, flames, embers, sound) served a useful function in alerting 
them to a developing threat, and, in many instances, prompting an active search for 
more information, or a decision to take active steps to evacuate or to initiate defence. 
These environmental cues took on special significance in the reported absence of 
specific warnings via the media and agency websites about imminent threat to many 
of the affected communities. However, environmental cues, especially remote cues 
such as smoke, are ambiguous and are likely to add to uncertainty in the absence of 
accurate, specific, and timely information for residents about developing fire threats. 
By way of concluding, vigilance by residents for environmental cues on total fire ban 
days cannot always be relied upon: 
 

And we actually got a DVD that we wanted… We just decided to 
have one of those really ridiculous days where, you know, lay back 
and watch a DVD. And so we’d pulled all the blinds…. And then the 
house stays nice… you know, has a better chance of keeping a 
reasonable temperature. So we had pulled all the blinds, and we 
had the air conditioner on in there and we had this DVD blaring 
really loudly. 

– Hazelwood 
 
 
 
4.3 Intentions and Actions 
 
This section of the report discusses findings about residents’ intended and actual 
responses to the February 7th

 
 bushfires. 

Intentions 
 
Analysis of the interviews revealed considerable variation in residents’ intended 
responses to the February 7th

 

 bushfires. A broad range of factors influenced 
residents’ intentions, including: 

• Age 
• Physical capacity, health and mobility 
• Responsibility for children, the elderly and others who require assistance 

to safely respond 
• Responsibility for pets and livestock 
• Perceptions of preparedness and house survival 
• Location of property 
• Location of household members during bushfire 

 
 
Nevertheless, the analysis revealed that most residents intended to: (a) stay and 
defend their house and property from bushfire; (b) leave or stay away from their 
house or property during a bushfire; or (c) wait to see what happened before deciding 
whether to stay and defend or leave. A very small number of interviewees had not 
previously considered how they would respond to a bushfire.  
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Intention to Stay and Defend 
 
A significant proportion (approx. 1 in 2) of the households represented in the 
interview sample reported at least one household member whose intention was to 
stay and defend. Many of these interviewees claimed they had never considered 
leaving and were fully committed to staying and defending their homes and property. 
The research identified a range of reasons why people intended to stay and defend. 
 
A fundamental reason for staying to defend homes and property from bushfires was 
the belief that (a) well-prepared houses can be successfully protected from bushfires, 
and (b) that well-prepared houses can provide safe refuge for occupants during the 
main passage of a fire front.  
 

It [leaving] didn’t even enter my mind… It was a subconscious thing 
that we obviously knew that it was too dangerous to go and the sole 
objective was to save the house, because that was going to save 
us and save this building. 

– Narbethong 
 
That was the plan [to stay and defend]. If I didn’t get back – if there 
was no-one here – this house would be on the ground, I guarantee 
it… It had to be defended to be saved. 

– Strathewen 
 
The perceived success of the ‘stay and defend’ strategy in past bushfires, particularly 
the 1983 Ash Wednesday fires, also appears to have influenced people’s intentions 
to stay and defend their homes and property: 
 

We were never going to get out because, as I say, we had it 
[bushfire] twice before and I knew it was defendable. 

– Kinglake  
 
I was up here in 1982 [sic] as a kid and, you know, people stayed 
and fought for their houses and it made the difference. 

– Flowerdale 
 
We had been told that in the Ash Wednesday fires, a lot of people 
were killed because they left too late. We were always confident 
that we could be in the house long enough that when we went back 
outside the fire would be past. The house could burn down, but 
we’d be out in the open. 

– St Andrews 
 
Awareness of the dangers of late evacuation also influenced people’s intentions to 
stay and defend: 
 

I came with a view that if there was a bushfire day, I had better be 
here to defend it, and going wasn’t an option once it happened. 
Even if I had got sort of nervous… If I had got in more trouble, 
going wasn’t an option either, you know, because the road was [not 
safe]. 

– Flowerdale 
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I think we always felt safer up here than [to] hop in the car and try 
driving through whatever.  

– Pheasant Creek 
 
That decision was made years ago for the very fact that the road 
either way is not a good option. Going down the spur in a bushfire 
would [be dangerous]… and going that way we figured the road 
would be busy, and trees falling. 

– Narbethong 
 
In addition to commitments to protecting human life and houses, other factors that 
influenced residents’ intentions to stay and defend included: the desire to protect 
irreplaceable property such as family heirlooms, memorabilia and collectables; 
responsibilities for pets and livestock that could not be moved from the fires’ path; 
and the perceived impracticality of leaving on all days of high fire risk.  
 
Analysis of the interviews suggests that while many residents intended to stay and 
defend their homes and property from the bushfires prior to February 7th

 

, some made 
a decision on the day. Since staying to defend one’s house and property requires 
significant planning and preparation over time (CFA 2004), those who decided on the 
day to stay and defend are less likely to have been prepared to safely and 
successfully do so.  

 
Intention to Leave 
 
A smaller proportion (approx. 1 in 4) of the households represented in the interview 
sample reported at least one household member whose intention was to leave during 
a bushfire. Analysis of the interviews identified a number of factors that influenced 
people’s intentions to leave their homes and properties when bushfires threaten. 
Again, beliefs about the survivability of houses and their safety as a refuge during 
bushfires were paramount. Interviewees identified a range of reasons why their 
homes were not defendable, including: poor preparation; lack of equipment; proximity 
to unmanaged fuels; a lack of knowledge and experience of bushfires; and the 
number and physical limitations of household members. 
 

The feeling I had was I’ve never been confronted with such a 
situation. So I wouldn’t know what to do. So I take my lead off him 
[husband]. If he says it’s dangerous, we have to go, we’ll go… 
Because in the ’83 bushfires, his cousin and her daughter perished 
in them fires, so he doesn’t need second telling to go when there’s 
a fire. And being his birthday that weekend, turning 72, he wouldn’t 
have been able to defend anyway… So, it’s not worth losing your 
life over a damned house. 

– Callignee 
 

When you live in a heavily forested area, if you have a bushfire… 
you’re not going to get away from the radiant heat. You can come 
back later on and put the spot fires out… but in a big bushfire like 
that, you would never survive. Looking back over the property over 
a number of years, we’ve had some very extensive fire damage 
from the ’39 fires, so you could see how big a fire it had been in the 
past. So our plan was to go, never to stay. 

– Kinglake West 
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Around my house, I probably had a couple too many big gum trees. 
They weren’t right against the house, but they were one of the 
reasons why I was never going to stay, because I always used to 
worry that they would drop things in the driveway or… drop bits on 
the house. 

– Strathewen 
 
A number of interviews revealed a more general perception that staying to defend 
houses from bushfires is an unsafe strategy for most people. It was clear that some 
residents were not confident that their house could provide safe refuge during the 
passage of a bushfire: 
 

It’s been pushed all the time in the last number of years – you 
know, stay and defend your home or get out early. Well, it’s 
probably good advice, but only to people that have the equipment 
and the knowledge. A lot of people think their home is going to be 
safe, you know, ‘Stay in your home, lock all this, do all that, cover 
the windows… And then after the fire front, come out and put out 
spot fires’. Well, how do you do that when you’re fried to a crisp?  

– Flowerdale 
 
Even if I was going to stay here for the rest of my life, it is a 
decision of ‘Why fight?’… Everything is insured, so why are you 
going to risk your life? That’s the way I see it. My life is too valuable 
for material things. 

– Koornalla 
 
Responsibilities for children, the elderly and other vulnerable household members 
also influenced residents’ intentions to leave when threatened by bushfire. These 
responsibilities were the primary reason for variations in intended response within 
households. In some cases, all members of the household planned to leave. 
Typically, however, women left with children and elderly household members, while 
men stayed behind to defend the house and property.  
 

Our plan was: I leave with the kids and he stays and fights…  
– Flowerdale 

 
We weren’t intending to stay with the three kids [being here]. It 
probably wouldn’t worry me if I stayed. But I didn’t want to get in an 
argument, so we thought we’d leave. 

– Kinglake West 
 
They were gone first thing that morning, even before the fire – 
because we knew it was going to be a hot day. She normally goes 
into town to her mother’s, takes the kids straight away. 

– Callignee  
 
Analysis of the interviews suggests that while many residents formed an intention to 
leave prior to the February 7th

 

 bushfires, some made a decision on the day. Again, 
this suggests a low level of planning and preparation, which increases the likelihood 
of late and dangerous evacuations (see Tibbits et al. 2008). 
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Intention to ‘Wait and See’ 
 
Analysis of the interviews suggests that a significant number of residents intended to 
wait and see what the bushfires were like before deciding whether to stay and defend 
or leave. This was the case in approximately 10% of the households in the interview 
sample. These residents wanted to stay and defend their homes and properties, but 
were not fully committed or confident in their ability to do so in all conditions.  
 

We had a fire plan, but… it was always going to be depending on 
what sort of fire. 

– Koornalla  
 
If we were told that it would get serious and that we should leave, 
like, we were told to evacuate, then we would.  

– Kinglake  
 
The fire plan was always that if it wasn’t windy I would stay and 
everyone else would go. I would stay and fight. If there was any 
wind at all, I’d go as well.  

– Koornalla 
 
If it got to a point where it was dangerous, we would have been out. 
We wouldn’t have stayed. 

– Wandong  
 
The problem with waiting to see what a bushfire is like before deciding whether to 
stay or go is that it greatly increases the risk of late and dangerous evacuations. 
Once a fire has reached or is visible from a person’s home or property, the 
opportunity for safe evacuation is likely to have passed.  
 
 
No Intended Response 
 
Approximately 10% of interviewees had not previously considered how they would 
respond to a bushfire. These residents typically lived in more ‘suburban’ locations 
and did not consider themselves to be at risk from bushfires. In Narre Warren, for 
example, 10 of the 13 interviewees had not previously considered how they would 
respond to a bushfire: 
 

I’m not going to sit here and bullshit. I didn’t have a plan. You didn’t 
expect it… Had I been living in a bush situation, of course, like 
hundreds of people I would have had to put into place some sort of 
plan. No matter how minor it is, there would be some sort of plan. 
But in the suburbs, the only thing that worried me was that [my wife] 
might let a bowl of fat cook over on the thing and it might ignite. 
That’s about it in the suburbs. 

– Narre Warren South 
 

We’ve never had a fire plan. We thought we did… If the house 
caught on fire, we had a plan: go out whatever door you can, 
wherever the fire isn’t. But outside of the property, you didn’t thing 
about it. It’s just one of those things. You’re living in a suburban 
area – you don’t think the whole street’s going to catch fire.  

– Narre Warren South 
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The only fire plan we have is lighting the one in the winter, mate! 
Yeah, the old story I suppose: like, you think you’re pretty right 
here. You know, we’ve got roads nearly all the way around us 
except for out the back, and there’s a dam out the back and it 
would block anything sort of coming this way, which it did pretty 
well… 

– Horsham 
 

Didn’t really plan for it. The smoke rolled in. Like I said, I’d filled up 
the kids’ pool just in case. I never got to the stage as some 
people… filled up the gutters – I didn’t really get to do any of that. I 
didn’t think it was going to happen. 

– Flowerdale 
 
Some interviews did not believe they had the knowledge or skills to adequately plan 
and prepare for bushfires and thus had not considered how they might respond: 
 

I couldn’t comprehend how a bushfire works and, being from 
suburbia, I just didn’t think much of it. 

– Flowerdale 
 
I didn’t know what to do as far as a fire plan goes… because I’m not 
an expert of bushfires.  

– Kinglake 
 

 
Disagreement over Intended Responses 
 
Analysis of the interviews revealed a number of cases where members of a 
household disagreed over their intended responses to the bushfires. A number of 
women reported that their intention for everyone in the household to leave conflicted 
with their male partner’s intention: 
 

Interviewee: My plan was to get the hell out – don’t stay and defend 
the house ’cause it’s going to go up. I knew… I thought it would go 
up.  
 
Interviewer: And had you talked about that with your husband? 
 
Interviewee: Yeah, and we’d had a few arguments about it. No, no, 
he’d stay, he’d defend, ‘We’d be able to grab buckets quick 
enough, we’d be able to do this…’ But we haven’t got tanks. The 
water would stop. He talked about getting a fire pump, but we never 
did. So I think that if it wasn’t for us having to leave around 4:00… 
maybe he would have done something dicky and stayed. I think I 
would have been screaming at him, ’cause I knew it wasn’t fire 
ready. So that was our plan... Even though we haven’t got 
insurance, you don’t risk your life. You don’t need to see something 
horrific. 

– Marysville 
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Similarly, when asked whether she had a fire plan, an interviewee began to explain 
that her family intended to leave if threatened by a bushfire: 
 

Female Interviewee: Not written, but if we could leave with the 
animals, we would. But if there was any doubt that we couldn’t get 
out, we weren’t going. We didn’t want to stay, but we’ve got 
[animals to care for]…  
 
Male Interviewee: No. My plan was to stay, by myself. And they 
were going to go. That happened last time. They all went and they 
wanted me to go, but I said: ‘I’m staying, because I want to keep 
the house’. 

– St Andrews 
 
Another interviewee explained that her household’s plan had always been to leave if 
threatened by bushfire. They left their Marysville home for the perceived safety of the 
local golf course, which then came under threat: 
 

[My husband] didn’t want to leave; he wanted to stay and fight with 
the community. [My daughter] was frantic and wanted to leave. [My 
son] was sort of in between those. Then he was getting frantic and 
he said: ‘I want to leave’. We were all on our mobile phones – you 
should have seen us… The cloud of smoke finally descended on us 
and so we were in it, in the ash and I couldn’t get [my husband] to 
leave. I thought, well, what do I do? I walked out the clubhouse and 
an SES man came... He said: ‘You need to go. You need to get out 
because if you stay behind, there will be nobody left to save you’. I 
said: ‘Well what about the road to Alexandra?’ He said: ‘That’s 
where you go’. ‘I heard it’s locked.’ ‘No, it’s open.’ I ran out and said 
to [name deleted]  ‘The SES have told us to leave. Put the hose 
down and let’s go’, and finally he did. 

– Marysville 
 
 
Actions 
 
This section of the report provides an overview of the actions taken by residents 
during the February 7th bushfires. It does not draw conclusions about the number of 
residents undertaking particular actions (e.g. staying to defend or leaving early) but 
rather aims to provide insights into the range of responses to the February 7th

 
 fires. 

 
 
Stay and Defend Throughout Fire 
 
Less than half (approx. 45%) of the households represented in the interview sample 
reported that at least one household member stayed to defend. Analysis suggests 
that the majority of these residents stayed with their homes throughout the fire and 
successfully prevented losses of life and property. In most cases, these residents 
had made a decision to stay and defend prior to February 7th

 

 and had taken steps to 
plan and prepare their response. On the whole, they were committed to staying and 
actively defending their homes and property throughout the fire and were aware of 
the dangers of late evacuation: 
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I know now that it doesn’t matter where you are. If you’re prepared 
and you take into account the circumstances – the location, got 
your garden right, the fire assessment set up, assess the risk – you 
can stay and defend. And in most cases, you’re probably safer if 
you’re prepared staying and defending than you are trying to get 
out. 

– Flowerdale 
 
I’m happy that we stayed… Our purpose, I think, was to put out 
those spot fires and stuff, because if we hadn’t been here for that, I 
dare say the house would have gone.  

– Jeeralang 
 
Despite successes such as these, interviewees described a range of difficulties they 
encountered when staying to defend their homes and properties from the fires. The 
physical and mental demands of staying to defend were particularly apparent, with 
many interviewees describing their attempts to defend in the extreme heat, wind and 
smoke: 
 

The smoke was that thick you knew not to overexert yourself, 
because you’d never get your breath back. So it was just: walk as 
quickly as you could and do what you could… 

– Flowerdale 
 
I just stood there and I thought: ‘Shit’. All of a sudden, you know, I 
couldn’t breathe, and the smoke was everywhere… I had overalls 
on and I also had this kerchief. And I just pulled that all up and just 
breathed into my clothes... jammed my glasses closer to my face 
and pulled my hat down. I put the hose over my head because I 
was so hot. 

– Hazelwood South 
 
The wind was that bloody strong when I tried to come back from 
over there, it frightened the hell out of me because, you know, I was 
getting blown backwards. But somebody else I was talking to 
actually got blown over, and they were crawling in the wind. So it 
was really, that was the problem – the wind was so bloody vicious, 
it was impossible to do anything. 

– Marysville 
 
Extreme heat in the week leading up to February 7th

 

 also appears to have affected 
some people’s capacity to stay and defend. A woman from Koornalla, for example, 
explained how her husband was treated for heat exhaustion after successfully 
defending their home from the fires: 

My husband had done a lot of work in the power station that 
preceding week, because of the problems there, and he had been 
called in to do overtime so much he was already really tired. So 
then, you know, working in the hot afternoon sun doing all this extra 
stuff around the house… So he was treated for heat exhaustion. He 
couldn’t speak and he didn’t know who I was. He was really 
agitated and all that, but thank goodness, he was alright because I 
thought he had just had a breakdown or something. It was very 
frightening to see. 

– Koornalla 
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Some interviewees also experienced difficulties staying to defend owing to 
equipment failure and loss of power and water pressure. A number of interviewees 
reported losing water pressure after generators and pumps failed or burned. Others 
experienced considerable difficulties when garden hoses and poly pipes burned or 
melted from radiant heat. In the following examples, the residents were well enough 
prepared to continue to actively defend their homes: 
 

As the fire approached, I came into the house. When I thought it 
was safe, I went out and tried the hose, but there was no water 
pressure. So I had three buckets of water and two mops and was 
going along beating the flames out with the mops… Well, looking 
back now, we should have had better facilities to fight the fire… 
Without water you can’t really do much, can you? 

– Bendigo 
 
Once the front went through, the wind was still blowing. So we just 
got out with our – realised that our pumps and hoses and 
everything had melted – and we just used metal buckets with a 
mop. And my husband had a knapsack. He just did circles of the 
house and just kept putting out flames and everything that was 
burning. 

– Hazelwood South 
 
Where residents were not physically or psychologically prepared to adapt to 
circumstances such as these, ad hoc decision-making led some to attempt late 
evacuations or seek shelter from the fire.  
 
An emerging finding from the research is that many of those who stayed to defend 
their home and property moved around fire-affected areas during the bushfire. The 
primary reason for moving around affected areas include: to check on the location of 
fires; to take others to a place of perceived safety; to seek refuge during the main 
passage of the fire front; and to defend other houses or properties. People who move 
around impacted areas during a bushfire may expose themselves to the same 
dangers as those who evacuate late. 
 

[My wife] was here at our house and I’d stayed over at my parents’ 
place. Any time I had in between, we’d sort of meet up quickly and 
‘How you going? What’s it up to? How you faring?’… After putting 
out what I could – I don’t remember a great deal of all the putting 
out – I remember going, you know, patrolling me parents’ house, 
going around and jumping fences and checking the neighbours and 
seeing what I could do there. 

– Flowerdale 
 
Once I got that safe, I went to drive out to see if the brigade wanted 
any help with other people and so on. But the police had the road 
blocked just down here, which I was a little bit annoyed about. I 
know they’ve got their job, but I was a little bit annoyed at that, 
because they’d let me out, but they wouldn’t let me back in. 

– Koornalla 
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Leaving Early and Late  
 
A significant number of residents left their homes and properties owing to the 
bushfires. More than half (approx. 60%) of the households represented in the 
interview sample reported that at least one household member left because of the 
fires. Some had decided prior to February 7th

 

 that they could not defend their homes 
and that their safest option was to leave well before the fire arrived in their area. 
Others decided to wait and see what the bushfire was like before deciding whether to 
stay or go. Not surprisingly, the research has compiled examples of residents who 
left safely and those who encountered danger: 

We woke up – it must have been about 10 o’clock, I’m not sure – 
and I could smell smoke. We went to see our neighbours sometime 
between 10 and when we left. We saw them twice. The police were 
on the road. The CFA had driven past. We were pretty scared, so 
we just nicked off. 

– Wandong 
 
All the embers were coming down and it went black all of a sudden. 
It just went completely black. You couldn’t see two feet in front of 
you and we just said ‘Get in the cars and go’. We just threw the 
dogs, the two cats, the kids, myself [in the car] and we took off 
down the road… [name deleted] was down the bottom end, talking 
to the guy wondering whether we had to go. He told us there is a 
CFA in Kinglake. So we got down there and we could see cars 
behind us blowing up on the way down. There were three or four 
cars on our corner that didn’t make it. It was following us down… all 
the fires were sort of on either side – it came that fast. 

– Kinglake 
 
Those residents who left early enough to avoid encountering danger associated with 
the passage of a bushfire – such as flames, heavy smoke and fallen trees – were 
triggered to leave by a range of factors. These included: extreme weather conditions; 
learning that fires had started; hearing radio announcements to activate fire plans; 
smelling or seeing distant smoke; being told to leave; and judging that the bushfires 
were too extreme to stay and defend. 

 
I left on the Friday afternoon, knowing that the Saturday would be 
extremely hot weather. 

– Strathewen 
 
[This road] is so narrow that the fire brigade have complained 
many, many times because, if you all had to get out in a hurry, it’d 
be difficult getting everybody out. And so, I thought, ‘No, I’m getting 
out while I can’. 

– Heathcote Junction 
 
We actually intended to stay… It was extremely hard to work out 
there because it was so hot – it was 48. And the wind practically 
flattened us… And we thought ‘Well, if there is a fire, it will be 
something we couldn’t control’… The decision to go early was 
because this road is a bad road to drive out on. I want to be driving 
in clear air and no smoke. 

– Koornalla 
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Residents attempting late evacuations encountered a range of dangers associated 
with the bushfires. These included flames, heavy ember attack, thick smoke, strong 
winds, airborne debris, fallen trees and heavy traffic. Reasons for late evacuations 
included: seeing flames and smoke nearby; being told to leave; seeing others leave; 
losing confidence in the ability to stay and defend; and failure of attempts to defend. 
 

I looked at it and I thought ‘No way – not with the gear I’ve got. No 
way. Let’s get out of here’. So I said to my neighbour, ‘Right, let’s 
go. Let’s get out of here. Get in the cars… Grab whatever you want 
as quickly as you can and let’s go’. At that point, I resigned myself 
to the fact that I was leaving my house and I would never see it 
again. 

– Hazelwood South 
 
We are lucky that we survived. You know, the house is still 
standing. That was by luck. We decided to move out because from 
here you can see the fire. Because we are right at the top of the hill 
and you could see the fire racing at the bottom.  

– Jeeralang 
 
I always got told that we’d have three tankers in the street… and 
you’d have plenty of warning… But none of that happened. Or the 
police would come around and tell us to evacuate. I think it really 
caught everybody by surprise… I think we got out 10 minutes 
before the mad dash, you know, so I mean, we were lucky that way. 

– Flowerdale  
 
The problem of late evacuations during the February 7th

 

 bushfires will be examined in 
greater depth in the final report. It can be noted, however, that many of those who 
attempted late evacuations were aware of the dangers of such a strategy. As the 
following quote illustrates, people don’t always act in a rational manner in high-
pressure situations: 

You hear so much about ‘Don’t get in your car and drive’ and all 
that sort of stuff – I can now understand why people do it having 
been through that. I completely agree with ‘Don’t get in your car and 
drive away’. But my first instinct, the first thing I did, was jump in my 
car to drive back over here. I was very adamant that we should be 
in the car… but my first instinct was just to get away from the fire… 
I can now completely understand why, you know… you see it on 
the news and you think ‘Idiots. Why did they get in their car?’ It 
might be that people aren’t educated or, you know, have no idea at 
all. I at least, in that regard, knew what I should or shouldn’t do. But 
still, that flight instinct took over and I just wanted to get away. 

– Jeeralang 
 
Of course, a major reason for late evacuations was the failure of attempts to defend 
homes and property: 
 

Once the house had caught, I was blocking off room by room in 
order to stay long enough for the fire front to go through. At one 
point, the house started to fill with smoke. I realised if I didn’t get out 
at that point, I was going to die. Because the three back walls were 
going to come down and I was just going to die… My car was 
untouched and I took a punt. I knew that it was a dumb idea getting 
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in the car. But I didn’t have any options… I drove down to St 
Andrews and there were about ten trees in the way. The first tree I 
got over. A second tree was on a very sharp bend down there and I 
tried to drive round it and the car skidded down the bank. I sat there 
for five minutes, wheels spinning, and I was getting out to try and 
see what traction I’d got on my car wheels… And suddenly the car 
got traction and popped onto the road. After that point, I just 
drove… 

– St Andrews 
 
 
Sheltering 
 
The interviews reveal that some residents sought shelter to protect themselves from 
the bushfire. Residents who stayed to defend their homes often sought shelter during 
the main passage of the fire front and then returned outside to continue active 
defence. Others sought shelter once defence became untenable: 
 

I had all intentions of staying… I made a couple of blues. The blues 
on the day were simply trying to put the house out when it had 
gone… Kept fighting it… All of a sudden, I forgot the two girls were 
inside… The worst part about it was the toxins from the house… It 
just took so long to burn… two hours to burn… We were stuck 
behind those concrete tanks with the fire pump, just squirting 
ourselves and the pump… two girls on one side and two guys on 
the other. 

– Kinglake 
 
A very small number of interviewees sheltered passively throughout the bushfire. 
Passive sheltering was evident in 12 of the households represented in the interview 
sample. As the following quote suggests, the actions of those who sheltered 
passively were largely reactive to the situation: 
 

We only knew when a friend in Marysville here rang and said ‘Don’t 
you know there’s a fire bearing down upon you?’ There was no 
smoke… We had no option but to stay because it was too late… 
Then, the next minute we know the main fire front is coming, the 
roaring and banging and thundering. The radiant heat from that was 
setting fire to the weatherboards on the back of the house and 
breaking windows… So we opened the front door and went to 
charge out and at the same time the whole lounge room caught 
alight… Then we got outside and I said to [my daughter], ‘We’ve got 
to lie down on the ground’. We lay down on the ground in the front, 
it was near the fence, it was relatively cool there and then I said, 
‘No, we can’t stay here, when the house really goes up, it’s going to 
be too hot’. So we got over the fence and came down to the main 
road there. Then I stood in the middle of the road – I thought if 
someone comes he’ll stop or run over me. Anyway, nothing came 
because the road was closed. In the end I heard a ‘Beep, beep, 
beep’. So we walked down and there is a fire truck there and they 
gave us a lift back to Narbethong. 

– Marysville 
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4.4 Emerging Issues and Themes 
 
While the primary concerns of the report are: (a) Planning and Preparedness; (b) 
Information and Warnings; and (c) Intentions and Actions; several other important 
topics were raised by interviewees and were coded in the data as ‘Emerging Issues 
and Themes’. Analysis identified four emerging issues and themes:  
 

1.  Difficulties returning to homes and properties  
2.  Use of fire refuges and shelters (‘bunkers’) 
3.  Factors influencing physical capabilities to respond 
4.  A tendency for some residents to shelter passively in bathrooms 

 
 
Difficulties Returning to Homes and Properties 
 
Some residents (approximately 1 in 8) who had left fire-affected areas for safer 
locations (such as Yea, Whittlesea, Yarra Glen and the outer northern Melbourne 
suburbs) reported difficulties in trying to return to their properties after the passage of 
the fire. Many attempted to return to their properties on Sunday 8th and Monday 9th

 

 
February, but in many cases were turned away at police roadblocks.  

The reasons interviewees gave for attempting to return to properties fell into one of 
three categories: 
 

(a) Wanting to protect property from fire 
(b) Checking on the condition of loved ones, pets or property 
(c) Concerns about looting. 

 
It is widely accepted that ember attack after the main fire front has passed is 
responsible for much property loss (see Blanchi and Leonard 2008). The most 
commonly cited reason for wanting to return as soon as possible after the fire front 
had passed was to defend properties from such attack: 
 

I went past the police and said ‘Look, I’m, you know, I’m going to 
find my family at Yea. I knew they got there, and I’ve got to go back 
because I’ve still got mopping up, there’s still bits and pieces all 
over the place that are alight and everything’. 

– Flowerdale 
 
Some residents who were able to return to their homes assisted neighbours to deal 
with the continuing threat posed by embers: 
 

It jumped the train line and just came back up here to see. And then 
it was still there. We couldn’t believe it. And then we just basically – 
all the fire, all the trees and that still had red embers and stuff, so 
we just went around to all the neighbours with buckets and we just 
were tipping out any fire we could sort of find. 

– Wandong 
 
Others talked about providing general community assistance after the fire:  
 

When we came back in, we picked up quite a few or three or four 
civilians, an old guy. I believe he would have died from dehydration 
if we had not come back in. He was laying on the ground here... just 
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from pure exhaustion. His hair was burnt. So I think it is critical to 
come back in straightaway after that fire front has passed, 
absolutely critical. 

– Flowerdale 
 
The second most commonly cited reason for wanting to return was to check on the 
welfare of loved ones who stayed to defend, pets locked up in sheds or homes, or to 
simply check to see whether homes were destroyed or still standing: 
 

We tried to get back up on the Sunday, because I have eight 
horses. And we weren’t allowed to… We got up on Monday 
morning... I think we tried probably about 10–12 times to get up. 

– Kinglake West 
 
The third most commonly cited reason for wanting to return was concerns about 
looting: 
 

When did we come back? I think it was two or three days later we 
came back, because of the looters. 

– Flowerdale 
 
One interviewee reported fleeing the fire at the last minute and upon returning some 
time later, discovering that two vehicles had been stolen: 
 

I left me car out the open, me truck out in the open. And two days 
later, when I was allowed to get back in here to see it, everything 
[was] gone. 

– St Andrews 
 
Of the interviewees who made attempts to return to properties and were stopped by 
official roadblocks, a majority spoke about being able to circumvent the roadblocks, 
by either: (a) talking authorities into letting them through; or (b) finding an alternative 
route through (either by vehicle or on foot): 
 

Interviewer: So you had no physical or no contact with anybody? 
 
Interviewee: No, until my wife turned up on the Sunday… And she 
had to sneak in. She came through the back way… 

– Clonbinane 
 
Of the interviewees who ignored or circumvented the official roadblocks to return to 
their properties, approximately one quarter of this sample mentioned experiencing 
danger while navigating to their homes: 
 

And probably about 4 o’clock, he couldn’t stand it any longer and 
he said, ‘No, I’ve got to go.’ And so they both left, the two fellas, 
and they came here. They got through the roadblock because a fire 
truck went through and the police car took off after the fire truck. So 
my husband took off and followed on their tail all the way. And they 
drove over burning branches and power lines and the whole lot. 
You know, he said, ‘Well, they went over them in front, so it can’t 
be, you know, too bad’. 

– Wandong 
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Only a minority of interviewees who encountered official roadblocks reported abiding 
by the exclusion order: 
 

Not [until] a few days later… I can’t even remember the day. Could 
not pick up the personal cars for three days. They wouldn’t let us in, 
which is fair enough in a way. I mean people did… [but] people died 
around us. 

– Koornalla 
 
There were several instances where interviewees needed to leave town to replenish 
or purchase extra firefighting supplies and were either unable to do so for fear of not 
being able to return, or did leave and were not allowed back in. 
 

I went to pick it up… the brand new fire pump and everything – 
because we had the 2,000 gallons of water over there – but I wasn’t 
allowed back in to fight it. 

– Wandong 
 
In summary, it appears that many residents endeavoured to return to their properties 
as soon as possible after the main fire danger has passed. There are multiple 
reasons for residents wanting to return, but the desire to check on the status of and 
defend property appears to be an important driver of behaviour. With respect to 
official roadblocks, almost twice as many people interviewed circumvented official 
roadblocks as abided by them. Many risked subsequent danger in order to return to 
their properties. The need to leave town to replenish firefighting equipment, fuel or 
water for ongoing protection of property in the aftermath of a fire also appears to be 
an important issue.  
 
 
Use of Fire Refuges and Shelters (‘Bunkers’) 
 
The use of fire refuges and shelters emerged as an important issue. The interviews 
shed light on how refuges and shelters were used on February 7th

 

, as well as more 
general community attitudes towards refuges and shelters. The two most frequently 
mentioned topics were attitudes towards potential places of community refuge, and 
the intent to build personal shelters for future fires. 

With respect to attitudes towards community refuges, football ovals and other public 
buildings such as recreation centres were often thought of as safe refuge points:  
 

I said to the kids ‘Follow me straight to the rec. centre down in 
Flowerdale’, which I thought was the safest place in Flowerdale 
which, as it turned out, it was. But then the CFA bloke come and 
told us to get out and go to Yea, which I thought was the wrong 
thing to do. You know, I told him ‘No’, I said ‘It’s safe here’. He said 
‘No, this could go’. Well, maybe it could have, but we still had the 
football ground to go on, I had plenty of wet towels, there was 
heaps of water there, you know, out of the big tank, but yeah, that 
was the safest place. 

– Flowerdale 
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Several Marysville residents interviewed were particularly critical of the lack of a 
designated place of safety for residents to shelter: 
 

So there was no designated safe area in the town. People went to 
the football ground, yes, because that was all they knew. But there 
was nothing designated, nothing organised.  

– Marysville 
 
In Kinglake and Kinglake West, a number of interviewees reported evacuating to 
local CFA fire stations (sheds) in the belief that these would be well defended.  
 
One interviewee highlighted deficiencies with the level of fire protection of public 
buildings that suggests a greater potential for loss of life if the fire had occurred mid-
week: 
 

As far as helping the community, I think they could probably make a 
better effort with their public buildings, like the recreation centre up 
there hasn’t got any outside fire protection, but it was all right. 
There was no damage done to it. But you’ve got the community 
centre down here and the kindergarten, which both got burnt – 
virtually burnt down, or damaged anyway. They’ve got fire hydrants, 
but no proper protection, no outside sprinklers or anything that 
someone could turn on, walk away and leave, or something... Our 
problem up here is all our public buildings are too spread out. 
They’re not in the town... So they’re pretty hard to defend. 

– Kinglake 
 
A small number of interviewees supported the construction of bunkers in especially 
fire-prone areas: 
 

I think the idea is just let everyone have a bunker. If you live in this 
zone, you have got to have a bunker, and some sort of bunker can 
be sorted out.  

– Strathewen 
 
A number of these interviewees talked about their intentions to build personal fire 
shelters (‘bunkers’) as part of their future fire plans. Intentions were equally divided 
as to whether the refuges would be built above or below ground. 
 
A small number of interviewees described using personal shelters during the passing 
of the fire front: 
 

With an enormous roar it came, and we thought we’d just have to 
dive under the house. We’ve got a bunker area there, but it stopped 
at the foot of our driveway. An easterly stopped it, an easterly 
change initially. We were outside pretty well all the time. We weren’t 
uncomfortable because of the continual spray from the sprinklers 
kept us reasonably cool, although it was bloody hot. There is a cool 
spot. We do have a downstairs area, which is a brick wall, and 
that’s our cool spot and that’s our ultimate bolt hole. If the fire front 
had actually passed over us, that’s where we would have gone. 

– Jindivik 
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These personal shelters ranged from well-constructed, above-ground, concrete 
bunkers with fire-rated doors, to everyday cellars. In one case of sheltering in a 
cellar, decreasing levels of oxygen became a threat to well-being:  
 

[My friend] said that because he was at his son’s place and they 
went into the cellar and he reckons probably another couple of 
minutes and they would have run out of air. 

– Kinglake 
 
A proprietor of a store in Narbethong described how an underground storeroom 
provided refuge for approximately 30 people and 20 pets as the fire front passed. 

 
Interviewer: How large would you say the bunker is? 
 
Interviewee: … maybe 20 deep, I don’t know, big. It used to be a 
small supermarket. 
 
Interviewer: How prepared did you feel in the bunker, or how safe 
did you feel? 
 
Interviewee: Felt very safe. 

– Narbethong 
 
In summary, there appears to be evidence that many community members regard 
public buildings, ovals and emergency services facilities as safe places of refuge 
during a bushfire. There is some evidence of support for purpose-built community 
shelters in which residents can take shelter during a bushfire. Several of those 
interviewed reported that they were considering building personal shelters or 
‘bunkers’ to protect them from bushfires.  
 

I’m going to build a bunker, a fire bunker, where that little woodshed 
was. Going to sink that at, you know, several feet, and I’m just 
going to build one, you know. Might make it easier for finding me 
body next time, but I’m going to – I’m gonna definitely build a 
bunker. 

– Kinglake 
 
 
Factors Influencing Physical Capabilities to Respond  
 
The majority of comments about factors influencing physical capabilities focused on 
physical exhaustion. People talked about the intensity and extended duration of the 
physical effort required to defend their home. Only a few interviewees had taken this 
into account before the fire: 
 

We did a drill thing: ‘I’ll do the water, you get them, you do the 
running’ and then we swapped... I just concentrated on the buckets. 
The girls swapped what they were doing. One would transport, the 
other would run, and they had turns so that they had their energy. 

– Pheasant Creek 
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An individual attempting to defend a house alone may be more vulnerable: 
 

The veranda caught fire, and I resorted to the old shovelling dirt. 
And I reckon two of us probably still could have done it. But, 
eventually, I was knackered and it won. 

– Kinglake 
 
Reasons provided for physical collapse included: heat exhaustion, lack of hydration, 
hypoxia (lack of oxygen), smoke, and toxic fumes. Some interviewees reported 
suffering from effects such as nausea and light-headedness. 
 
Aside from physical exhaustion, the two most commonly cited physical complaints 
were breathing difficulties and stinging eyes. The majority of interviewees 
complaining of breathing difficulties cited excessive smoke as the cause. The 
majority of interviewees did not mention having access to any type of protective face 
mask. Most used improvised ‘masks’ such as wet towels. While some interviewees 
mentioned using masks, these tended to be off-the-shelf workshop dust masks, not 
smoke masks used by fire agencies.  
 

The smoke was the thing, you know. We should have had masks, 
basically. 

– St Andrews 
 
Impaired vision (reported as stinging eyes) was also frequently reported. Of the 
interviewees complaining of eye problems, none were using goggles: 
 

I was wearing goggles, but I had handed goggles to David and he 
said, he just raced off and didn’t put them on and he had very, very 
bad eyes and I think goggles are absolutely vital. 

– Narbethong 
 
The final category of reported physical difficulties comprised existing medical 
conditions or difficulties that restricted active defence: migraines, asthma, being 
wheelchair-bound, or other difficulties with mobility such as arthritis. 
 
 
Tendency for Residents to Shelter Passively in Bathrooms 
 
Anecdotal evidence suggests that many of those who sheltered passively inside their 
homes may have done so in bathrooms. The limited evidence came from one 
interviewee who was a member of a local CFA brigade and who took part in 
searches of burned homes for survivors immediately after the fire: 
 

[My son] came up the drive and he came in and he’s ‘Dad, Dad, 
Dad, we found [deceased] and [deceased]’. They were in the 
bathroom exactly as per the CFA guidelines. Probably filled the 
bath, well, they may not have filled the bath because there wasn’t 
any bloody water, and she wouldn’t have, she wouldn’t had time to 
fill it, I don’t think, before the water stopped. They were in the 
bathroom which has had only one small external window which she 
would not have been able to get out of, and you know, it was in the 
back of the house and so the whole house would have been on fire. 

– Marysville 
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And: 
 

Going in the bathroom, I found 17 bodies in the first two days, 14 of 
whom I knew personally. Why? Because they were all in the bloody 
bathroom and the bloody bathroom hasn’t got an external door, the 
bloody bathroom hasn’t got a big enough window to get out of… 

– Marysville 
  
It is understood no fire agency in Australia advocates sheltering in bathrooms as a 
safe and appropriate response while sheltering in homes. Three possible reasons for 
people sheltering inside bathrooms were hypothesised by the research team: (a) 
widespread belief (largely from cyclone disasters) that the bathroom is the most 
structurally sound room in the house; (b) bathrooms are typically a source of water, 
and part of preparing for a bushfire is to fill the bath with water; and (c) beliefs that 
filled bathtubs provide a safe place to shelter:  
 

[We] had all the proper gear. We had the kids in the bathroom, had 
all the windows sealed, with wet towels around the house… [We] 
Filled the bath because that’s where the children were going to 
stay, in the bathroom, with the dogs. 

– Kinglake West 
 
Of course, bathrooms typically do not permit easy escape once the house begins to 
burn. 
 
 
5. Conclusions 
 
This report has documented the findings of qualitative research into human 
behaviour and community safety issues during the bushfires of February 7th, 2009. 
Findings relating to residents’ planning and preparedness for the bushfires, 
information and warnings, intentions and actions, and emerging issues and themes 
have been presented. The second report will more fully examine the nature of 
people’s responses to the February 7th

 

 bushfires and the factors and behaviours 
contributing to their impact. It will also examine the alignment of the results with 
existing research.  

 
To summarise, the key findings of the qualitative analysis of interviews suggest that: 
 
 
Planning and Preparedness 
 

• Many residents were not prepared for the severity of the February 7th 

 
bushfires. 

• Many interviewees living in more suburban locations had not planned or 
prepared for bushfires because they did not consider themselves at risk. 

 
• A considerable amount of last-minute planning and preparation took place on 

the day. 
 

• There are many examples of ‘weak links’ in people’s planning and preparation 
that affected their ability to implement their fire plan. 
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Information and Warnings 
 

• Agencies such as the CFA and local councils had been only modestly 
successful in informing members of at-risk communities about effective 
preparation and planning for bushfires. 

 
• Predictions in the preceding week were that Saturday 7th

 

 February was to be 
a day of unprecedented fire danger. There was only modest awareness of the 
implications of this in the community. 

• The lack of timely information about developing threats to St Andrews, 
Strathewen, Kinglake, Kinglake West, Narbethong and Marysville may have 
contributed to many people being surprised by the sudden impact of the fire. 

 
• Environmental cues such as smoke were important in alerting people to 

developing threats and in many instances prompted an active search for more 
information or a decision to leave or initiate defence. 

 
Intentions and Actions 
 

• Half of the households represented in the interview sample reported at least 
one household member whose intention was to stay and defend. The 
perceived success of the ‘stay and defend’ strategy in past bushfires appears 
to have influenced people’s intentions to stay and defend. 

 
• A quarter of households in the interview sample reported at least one 

household member whose intention was to leave during a bushfire. Beliefs 
about the survivability of houses and their safety as a refuge during bushfires 
were paramount.  

 
• A significant number of residents intended to wait and see what the bushfires 

were like before deciding whether to stay or go. These residents wanted to 
stay and defend their homes and properties, but were not fully committed or 
confident in their ability to do so in all conditions. 

 
• Approximately 10% of interviewees had not previously considered how they 

would respond to a bushfire. These residents typically lived in more 
‘suburban’ locations and did not consider themselves to be at risk from 
bushfires. 

 
• Less than half (approx. 45%) of the households in the interview sample 

reported that a household member stayed to defend. Some of those who 
intended to stay and defend left because of the severe conditions. 

 
• More than half (approx. 55%) of the households in the interview sample 

reported that a household member left because of the fires. There appear to 
have been many late evacuations. 

 
• A very small number of interviewees sheltered passively throughout the fire. 

 
• Some of those who stayed to defend may have exposed themselves to 

considerable danger by moving around fire-affected areas. 
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Emerging Issues and Themes 
 

• It appears that many residents endeavour to return to their properties as soon 
as possible after the main fire danger has passed. There are many reasons 
for wanting to return, but the desire to check on the status of and defend 
property appears to be an important driver of behaviour. 

 
• Many community members regard public buildings, ovals and emergency 

services facilities as safe places of refuge during a bushfire. There is some 
evidence of support for purpose-built community shelters in which residents 
can take shelter during a bushfire. 

 
• Some of those who stayed to defend their homes and properties reported a 

range of factors that influenced their capacity to defend. These included heat 
exhaustion, dehydration, breathing difficulties, and eye irritation. A range of 
pre-existing medical conditions, such as asthma and arthritis, also inhibited 
some people’s capacity to defend. 

 
• Anecdotal evidence suggests that many of those who sheltered passively 

inside their homes may have done so in bathrooms. 
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Appendix 1. Interviewer Guidelines 
 
Note: these are a guide only. The participant is likely to answer many of the 
questions without being prompted. 
______________________________________________________________ 
 
Before the interview 
 

- Introduce self 
- Introduce research 
- Provide the ethics statement. 
- Stress independence from agencies and government 
- Explain purpose 
- Confidentiality 
- Contact details 
- Further research 
- Obtain consent 
- If consent is obtained proceed with the interview 

 
Interview questions and prompts 
 
Starting question 

- Tell me what happened to you during the fire… 
 

 
During the discussion prompt for: 

Preparation 
- How did you prepare? (timeframe) 
- How well-prepared did you feel? 
- Did you have a plan? Had you made a decision to stay or leave? 

 
Information and Warnings 

- When and how did you first become aware about the fire? 
- When did you realise fire would impact your property? 
- Did you receive a warning? Where from? When? How long 

before the fire arrived? 
- Where did you get the information from during the fire? (formal 

and informal) 
 
Response 

- What did you do (stay, protect property, shelter in place, wait 
and see, leave early, leave late)? Why? 

- What did other household members do? Why?  
- Who was there? What were they doing? 
- Did you get any help? Did you help anyone? Did you see 

anyone else? 
- What did you do after the fire front passed? (e.g. stay, return)  

 
Leaving 

- When did you leave? 
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- Do you think you left early enough? 
- What was your trigger for leaving? 
- Where did you go? 
- How did you get there? 
- When did you return? 

 
Future 

- Is there anything you would do differently? 
- What could help the wider community respond to bushfires? 

 
Thank participant 
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1. INTRODUCTION – CONTEXT 

The scale of the Victorian bushfires of 7th February 2009 in terms of the loss of life and 
assets is unprecedented. This presented challenges to agencies tasked with providing 
recommendations for changes to building design, planning and management regulations. 
These recommendations will certainly take into consideration the impact of fire at a range 
of spatial scales, from broad regional assessments of fire extent and severity, to detailed 
assessments of the incidents related to single properties. 

In response to the fires, the Bushfire CRC assembled a group of researchers from 
various states, fire agencies and research organisations to provide the Australian fire and 
land management agencies with an objective scientific analysis and dataset of the factors 
surrounding these series of fires. The following three areas were considered: 

 Fire behaviour, focussing on the fire behaviour across different landscapes 

 Human behaviour, focussing on decision-making and actions of residents 

 Building and land-use planning, examining patterns of loss and survival of 
buildings, and planning and building controls and their impact on patterns of 
building losses 

This report presents the information on the building and land-use planning survey and 
related datasets that has been conducted and aggregated following the 7th February 2009 
bushfires. It includes a description of the data-capture methodology, the data base 
description, preliminary analysis methodologies and preliminary results. Of particular note 
is the fact that this dataset has been collected with full geospatial referencing, allowing 
the opportunity to perform geospatial analysis, combining fire, impact, socioeconomic and 
demographic data to paint a picture of what happened on February 7th 2009. 

The authors would like to highlight that the primary role of this report is to describe the 
dataset and data development methodology. The secondary role of the report is to 
describe the potential analysis options and provide some examples of these preliminary 
analyses and observations. Extensive efforts have been made to check and rectify the 
dataset. With additional time and effort, further dataset compilation would yield a larger 
number of definitive records with a greater degree of confidence.  At the time of compiling 
this report, datasets from other efforts such as fire behaviour and human behaviour 
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investigations were only partially available. Future data analysis will benefit greatly from 
the integration of information, and a discussion on future data rectification, integration and 
analysis has been provided in this report.  

2. SUMMARY OF FIRES 

A large number of fires were reported on 7th February (Appendix F - Map of fires 
perimeters in Victoria). Out of the many fires, five fires are studied in this report: Kilmore 
East, Murrindindi, Churchill, Maiden Gully – Bendigo, and Bunyip (see Figure 1). 

Figure 1 Map of Victoria and fires perimeters (source Country Fire Authority – CFA) 

Maiden Gully 
- Bendigo 

Murrindindi 
Kilmore East 

Bunyip 

Churchill 
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Table 1 Summary of damages and houses surveyed during 7th February bushfires  

Fires Estimated 
no. of 
houses 
within fire 
perimeter* 

Houses 
destroyed
** 

Houses 
with 
minor 
damage** 

Houses 
with no 
damage** 

Houses 
surveyed*** 

Fatalities 
(source 
Victoria 
Police) 

Forest 
area 
burnt 
(source 
DSE) 

Bunyip 240 35 21 184 14 0 

180,000+ 
ha 

Churchill 359 133 86 140 140 11 
150,000+ 

ha 

Kilmore 
East 3540 1244 530 1766 705 121 

32,800+ 
ha 

Maiden 
Gully 172 48 21 103 56 1 500+ ha 

Murrindindi 1064 590 74 400 150 38 24,500+ha 

Total 5375 2118 832 2593 1065 171 
390,000+ 

ha 
 

* Based on National Exposure Information System (NEXIS) (G-NAF®) address identifiers, 
assuming one residence per address1, and some extra added points identified from aerial imagery 
without address. 

** Assessment from aerial imagery by Geoscience Australia 

*** Temporary number of houses surveyed and used in this analysis (subject to change when data 
rectification is completed) 

                                                
1 G-NAF® (Geocoded National Address File) is Australia’s first authoritative geocoded 
address index for the whole country, listing all valid physical addresses in Australia. It 
contains approximately 12.6 million physical addresses, each linked to its unique 
geocode (that is, the specific latitude and longitude of the address). Data used to build G-
NAF® comes from contributors that include the Australian Electoral Commission, 
Australia Post, state, territory and Australian Government mapping agencies and land 
registries. 
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3. OBJECTIVES  

To understand the magnitude and nature of the impact of the February 7th bushfires, a 
physical survey was performed on five areas affected by fire.  

The survey had several objectives: 

- To provide a dataset that facilitates ongoing reform of policies, regulation and education 
initiatives. 

- More specifically, to provide a dataset and data assessment methodology to address 
the following questions: 

- House vulnerability in relation to observed intensity of the fire attack 
mechanisms and related winds, 

- Effectiveness of various prevention measures such as 
o Defendable space, 
o Sprinkler systems, 
o Other relevant measures that are identified during analysis of the data, 

- Impact of land-use planning and building controls, 
- Other emerging issues arising from the analysis. 
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4.  BACKGROUND  

4.1 Historic house loss in bushfires  

This section presents an overview of approaches and findings from past bushfires survey 
efforts.  

4.1.1 Previous post-bushfire survey efforts 

Several surveys following large bushfire events that resulted in significant house loss 
have been conducted in the past (see Table 2).  

Table 2 Summary of in-depth bushfires surveys on house loss (from Leonard & McArthur 1999, Blanchi & 
Leonard 2006) 

Fire Number 
of 
houses 
lost 

Number of 
houses 
surveyed 

Fatalities State Location References 

14/01/1944 58 100  VIC Beaumaris CSIR; Barrow, 1945 
7/02/1967 1293 502 62 TAS Hobart and south-

east 
CEBS/CSIRO; Cole 
1983 

28/11/1968 120 53 14 NSW Sydney, Blue 
Mountains, 
Illawarra 

CEBS; Coles 1983 

16/02/1983 1511 1153 47 VIC Western district CSIRO; Ramsey et 
al. 1987 Wilson et al 
1984 

7/01/1994 202 491 4 NSW Eastern seaboard CSIRO; Ramsay & 
McArthur 1995 

21/01/1997 43  3 VIC Dandenong 
Ranges, Wilson’s 

Promontory 

CFA 

25/12/2001 109 59  NSW (Helensburgh) CSIRO 
18/01/2003 519 226 4 ACT Canberra CSIRO; Leonard & 

Blanchi 2005 
10/01/2005 76 67 9 SA Eyre Peninsula CSIRO, SA CFS, GA; 

Blanchi & Leonard 
2006 

7/02/2009 2000 1100 173 VIC Victoria  
Note: in addition some surveys have been conducted by the Country Fire Authority and New South Wales 
Fire Services (since 2000). 

From 1983 onwards, a specific focus on building and landscaping issues occurred 
(Leonard 1999). Each survey conducted by CSIRO listed in the table above used a 
common approach, which has undergone a process of continual evolution since then, 
with aspects of some standard questions being maintained to provide statistical 
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continuity. The survey form focussed on assessing building design and site details that 
contribute to the probability of house survival (McArthur 1997). In addition, the survey 
includes information on site details (e.g. slope of the land); description of surroundings; 
and details of the actions of residents and fire-fighters during and after the event. 
Attention is given to each of these elements and how they interact and contribute to the 
risk posed by bushfire to the community (Blanchi 2008). A copy of the survey form used 
for these investigations is provided as Appendix A. 

4.1.2 Definition of risk-based approach to bushfire house loss 

The causes of house losses are complex and involve many aspects (Blanchi et al. 2006b) 
such as: 

 weather conditions 

 forest fuels 

 local topography  

 house design  

 house materials 

 landscape objects  

 brigade and occupant behaviour before, during and after a bushfire event  

For the purpose of discussing the mechanisms of bushfire attack on structures, it is 
important to first define a framework in which risk can be considered. In this case, it is the 
risk of building damage to a point where it no longer provides a safe haven for occupants. 
The Australian Standard for risk management defines the risk as ‘the chance of 

something happening that will have an impact upon objectives’ (Australian Standard for 
Risk Management 2004). The standard then clearly outlines two main aspects required to 
define an event. These are the likelihood and the consequence. Likelihood refers to the 
nature, magnitude or persistence of the attack mechanism (measured in terms of the 
intensity of the flame front and the mass of embers carried in front of the fire), and the 
chance of an event occurring. Consequence is a measure of impact or outcome in 
relation to the objective, which is determined by the effect the bushfire event has on 
urban assets. This is highly dependent on the level of vulnerability a property has to the 
mechanisms of bushfire attack.  

4.1.3 Key findings from past bushfire surveys 

Past bushfire surveys have provided information on different aspects including bushfire 
arrival intensity, house vulnerability to attack by ember, radiant heat and flame, and the 
influence of people’s behaviour. 

Severe weather conditions play an important role in house loss potential. These weather 
conditions can be considered as influencing the magnitude of a bushfire impact and also 
the vulnerability of a structure and surrounding elements (e.g. materials becoming drier 
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and more flammable; strong wind can damage part of the building envelope and can 
carry burning debris (Ramsey 1986, Blanchi & Leonard 2008)). 

The Wangary bushfire in South Australia in 2005 provided a significant reminder that 
severe fire weather conditions can provide support for bushfire spread across rural or 
agricultural landscapes and present significant risk to life and property. This fire 
highlighted the specific risk to life that fast-moving grass fires pose to communities 
(Blanchi & Leonard 2006).  

Previous research conducted by CSIRO has shown that the predominant causes of 
ignition are from ember attack, or as a result of radiant heat or flames from surrounding 
burning objects and/or surface fuels leading to house ignition (Ramsay et al 1987, 1995, 
Leonard & McArthur 1999, Leonard & Blanchi 2005). House vulnerability is defined in 
terms of the susceptibility to the bushfire attack mechanisms: ember entry, ember 
accumulation, radiant heat and flame. As an example, a survey conducted after the 2003 
Canberra fire identified a high percentage (>90%) of houses as being damaged or 
destroyed in the absence of direct radiant heat and flames from the main fire front 
(Leonard & Blanchi 2005).  

Radiant heat and flames present a risk based on both the level of radiant heat exposure, 
as well as the time over which this exposure occurs (Leonard et al. 2004). Certain levels 
of radiant heat can ignite combustible material (e.g. timbers from approximately 12.5 
kW/m2; Babrauskas 2001), and is responsible for window breakage (e.g. plain window 
glass will break at a level of 12.5 kW/m2; Bowditch et al. 2006).  

Different parts of the building have been identified as vulnerable: gaps in the building 
envelope, glazing systems (window and frame), external doors, timber decks, roof 
cavities, eaves, fascias, subfloor, etc. (Ramsey 1994).  

The surrounding objects in the landscape, such as vegetation, fences and outbuildings 
(type, materials of construction, proximity to houses, etc.) play an important role as 
protection, or as a source of heat and ember hazard, and so can either increase or 
reduce the risk of house loss (Ramsay et al. 1994, Leonard & Blanchi 2005). 

The results of post-bushfire surveys have also shown the importance of human behaviour 
before, during and after the bushfire. Staying with a house has been shown to increase 
the house’s chance of survival when the occupant remains active in and around the 
house when it is safe to do so. Based on past post-bushfire surveys, if houses are 
attended, house losses are reduced by a factor of between 3 to 6 (Blanchi & Leonard 
2008b). After the passage of the fire front, able residents can monitor and may be able to 
suppress small ignitions in or around the house before these become uncontrollable. 
Previous research has shown that active defence of houses by residents or brigade 
members significantly increases the chances of house survival (Wilson & Ferguson 1984; 
Ramsey et al. 1986; Leonard and Bowditch 2003; Blanchi et al. 2006b). 

The integration of community education, planning, building construction initiatives and 
suppression strategies is essential in achieving effective risk mitigation in future events 
(Blanchi & Leonard 2006). Policy can play a key role in promoting harmony between 
these strategies that are understood and maintained by the community members they are 
designed to protect (Blanchi & Leonard 2006, 2008). 
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4.2 Land-use planning in Victoria 

4.2.1 Victorian legislation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Victorian Planning & Building Legislation in relation to wildfire 

4.2.2 Development controls in bushfire-prone areas 

Development in areas where people and property may be at risk from wildfire is regulated 
in two ways within Victoria: (1) in the planning system; and (2) in the building system. The 
discussion below outlines how each respective system operates. 

4.2.3 Planning system 

The Planning and Environment Act 1987 (P&E Act) heads the legislative framework in 
Victoria covering planning controls. The Victorian Planning Provisions (VPP) enacted 
under the P&E Act outline the broad objectives for land use and development within 
Victoria. The state-based objective for wildfire protection, which is set out in Clause 15.07 
of the State Planning Policy Framework (SPPF), is to assist the minimisation of risk to 
life, property, the natural environment and community infrastructure from wildfire. 

The Country Fire Authority (CFA) is responsible for identifying a Wildfire Management 
Overlay (WMO) area, in collaboration with the applicable Council; the affected area is 
mapped for its wildfire risk within the Council’s Planning Scheme.  
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The WMO is a planning control that is designed to provide development that satisfies fire 
protection objectives and does not increase the threat to life and surrounding property 
from wildfire. 

The most appropriate fire protection measures for a specific site are best determined at 
the planning permit stage when the development can be assessed comprehensively. For 
this reason, where a planning permit is required under the WMO, applicants are required 
to undertake a single-site assessment process as part of the planning permit application 
assessment stage. The process is set out in the Building in a Wildfire Management 
Overlay Applicant’s Kit2 and is designed to simplify the process of preparing and 
assessing an application for a dwelling or dwelling extension in a WMO and designated 
bushfire-prone area. As this site assessment is commonly completed at the planning 
permit stage, it eliminates the requirement for a further site assessment at the building 
permit stage.  

The WMO site assessment process includes an assessment of the site including 
determination of: slope; fire vehicular access availability; water supply availability; 
orientation, and vegetation (fuel) within 100 metres of the proposed dwelling. These 
factors combine to determine the level of fire risk and appropriate development 
standards. These standards form the planning permit conditions and may include: 
building construction level; vegetation (fuel) management; fire vehicle access; water 
supply for fire-fighting purposes, and appropriate signage to identify water supply 
location, specific for each site. Where vegetation management is not able to be achieved 
either because of environmental significance or lot size, other design features are 
employed to reduce the likelihood of dwellings igniting by flame contact or radiant heat. 
These measures may include: fire retardant construction materials; radiant heat barrier 
walls; landscape design features; hard surface (paved) areas, and pools or the like as 
appropriate for the site. 

4.2.4 Building system 

New regulations that adopt the Australian Standard for Design and Construction of 
Buildings in Bushfire-Prone Areas (AS 3959-2009) became effective in Victoria on 11 
March 2009. The new regulations stipulate that every new home built in Victoria will 
undergo a Bushfire Attack Level (BAL) site assessment as part of the application for a 
building permit, to determine which method of construction is to be used. There are six 
Bushfire Attack Levels, which replace the four levels in the 1999 version of AS 3959.  

The new regulations will guide the rebuilding process for communities affected by the 
2009 bushfires. Where there is no rebuilding as a result of the recent fires (‘business as 

usual’), WMO requirements apply as usual; however, construction must be in accordance 
with AS 3959-2009 or as directed by the CFA as a note on the relevant planning permit. 

The introduction of AS 3959-2009 will require an amendment to the WMO Applicant’s Kit 
to reflect the revised construction requirements. To date, this has not yet been 
completed.  

                                                
2 http://www.cfa.vic.gov.au/publications/policy.htm 
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Notwithstanding the above, the site assessment process set out in the kit meets the 
requirements of a site bushfire attack assessment required under AS 3959-1999 (and it 
will also meet AS3950-2009 once the amendments are made). As this site assessment is 
commonly completed at the planning permit stage, the relevant building surveyor does 
not need to re-assess the BAL or the appropriateness of the site for the development 
during the building permit stage if the planning permit issued for the site stipulated the 
building construction level.  

In situations where the WMO is not applicable, but the site is within a bushfire-prone 
area, the site assessment process is completed as part of the building permit stage, and 
reviewed by the building surveyor. 
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5. METHODOLOGY  

Two concurrent approaches have been used to assemble a dataset of building- and 
planning-related parameters with respect to the 7th February 2009 fires. The two 
approaches were: 

- a field data collection effort based on detailed surveys of individual properties 
by geo-referencing and attributing relevant elements of a structure, 
surrounding objects and other observations,  

- the use of LiDAR3 data and remote sensing imagery taken prior to and after 
the fire to generate information over a larger sample of impacted structures. 

Further details of these two approaches are provided in the following sections. 

Additional spatial information on weather conditions, and human and fire behaviour are 
important also to gain a better understanding of structural design and planning issues. 
Data on these aspects are being provided by other researchers and organisations that 
investigated the event. Much of this information is not available for integration within the 
time frame of this report. 

5.1 Field data collection 

This section describes the field data capture approach and sampling methods; it then 
describes the actions that have been taken to manage this data and produce a dataset 
ready for analysis. 

5.1.1 Objective  

As there are many elements in an urban interface that contribute to the risk of house loss, 
this survey logs these elements in terms of their properties, spatial location and status. 
The survey is based on previous survey forms and strategies; however, for the first time, 
the objects’ specific location is now recorded as a geospatial reference. Various factors 
were taken into consideration in order to assess the impact and consequences of the 
bushfire attack on a house. Questions covered the degree and cause of damage, as well 
as a house’s design and the construction materials. Questions also covered outbuildings, 
details of the surroundings, site details, description of garden and foliage, and information 
on combustible elements stored in or near houses.  

Human behaviour before, during and after the fire event has a profound influence on life 
and property risk; a separate survey effort run in parallel has captured people’s accounts 

of the event (this aspect of the research will not be detailed here – please refer to the 
report on human behaviour for details and to Section 5.3.1 in the present report for the 
necessary description and use in the analysis). 
                                                
3 LiDAR (Light Detection and Ranging) instruments collect data by emitting, and receiving the 
reflected pulses of laser light to measure distance to targets. LiDAR data provide a structural 
assessment of the terrain, and can provide information on the ground surface beneath the 
vegetation, and information on the structure of the vegetation itself. 
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More than 110 questions are recorded in the survey on 11 different aspects: 

- house structure (detail of material and design of wall, roof, accessibility), 

- structural openings of the house (window, door and vents), 

- attachments to the house (deck, veranda and stairs),  

- fence and retaining wall,  

- outbuildings (type and material),  

- combustible elements, 

- ground cover,  

- vegetation,  

- water supply,  

- spray systems, 

- observed wind directions at time of fire (see Table 3).  

For a complete set of survey questions and elements recorded, see Appendix B.  

Each of these aspects refers to a specific location or spatially referenced object; hence, 
the spatial relationship between each of these objects is able to be analysed. The 
information collected then provides the greatest opportunity for later analysis with regard 
to the potential interaction between these objects under the given conditions. 

5.1.2 Field site selection 

Surveys were carried out from 12th February until 24th April 2009 to examine the remains 
of the destroyed, partially damaged and unaffected houses as well as their surroundings.  

The houses surveyed are those within or close to the fire perimeter that have clearly 
received some level of exposure to bushfire effects. The objective was to collect a sample 
from destroyed, damaged and untouched houses from affected areas that have received 
various levels of impact.  

Teams were instructed to survey houses within defined areas in an attempt to collect data 
on a wide range of representative clusters of houses. These clusters varied from tight 
urban enclaves to dispersed rural areas. They also varied in the potential exposure, from 
likely direct flame impact to likely impact from ember attack only. In each case, there was 
an attempt to comprehensively survey houses within the defined areas. An advantage of 
this approach is that interactions of objects located between land parcels can be 
analysed in addition to the interaction of objects within those land parcels (thereby 
facilitating analysis of structure-to-structure fire spread and other matters). 
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The approach to the selection of appropriate survey regions varied from clearly defined 
areas where a specific level of exposure was apparent, to in-field assessments of suitable 
regions. The range of selection approaches was necessary as for many regions, there 
was little to no information on the location and extent of damaged and destroyed houses 
at the time of the survey. 

5.1.3 Data-capture kit design 

The data-capture kit is a combination of technologies that allow accurate geo-referencing 
and attribution of elements belonging to a structure or its surroundings. The kit also 
facilitates the acquisition of geo-referenced photos. The kit comprises the following 
elements: 

- C-19 Panasonic Toughbook computer with: 

o USB GPS receiver 

o Body support harness 

o Secondary battery 

o AC and DC power supply 

o  Customised ArcPad software enabled with: 

 Pre-fire aerial imagery 

 Land parcel cadastre with: 

 Local address identifiers 

 Land parcel IDs 

 Identification of surveyed land parcels from previous survey 
crews 

 Roads layer 

- Ricoh Caplio 500SE digital camera with either an integrated GPS and digital 
compass module or a Bluetooth-linked GPS module 

- Standard issue log books 

- Victoria map books 

- Digital voice recorders (used by human behaviour survey team) 

- Handheld GPS units for voice recorder operators (used by human behaviour 
survey team) 
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5.1.4 Kit usage description 

Field crews were deployed in teams of two (with a third crew member participating as a 
human behaviour surveyor); one crew member operated the Panasonic Toughbook while 
the other operated the digital camera and liaised with the Toughbook operator regarding 
observations.   

After assessing a site for safe access, the crew member using the Toughbook 
systematically audited the elements on the site, while the camera operator captured 
images of the range of standard and unusual elements on the site. The photos are a vital 
method of recording and storing information on each surveyed house for later analysis. 
The photos are a useful reference for each house’s characteristics (the entire house and 

its surroundings), the ignition point(s), a profile of the burnt area, and the damage 
sustained by the house. They also provide useful reference information on the nature of 
the bushfire attack and house-to-house fire spread scenarios. These photos will become 
part of the dataset available for future research purposes. 

5.1.5 Customised ArcPad software description and use 

The software used for this work was an ArcPad interface customised by CSIRO with the 
assistance of Geoscience Australia. A description of the ESRI software can be obtained 
from the following source: http://www.esri.com/software/arcgis/arcpad/index.html 

ArcPad is designed for GIS professionals who require GIS capabilities in the field. It 
provides field-based personnel with the ability to capture, edit, analyse, and display 
geographic information easily and efficiently. 

With ArcPad, you can: 

    * Perform reliable, accurate, and validated field data collection, 

    * Integrate GPS, rangefinders, and digital cameras into GIS data collection, 

    * Share enterprise data with field-workers for updating and decision making, 

    * Improve the productivity of GIS data collection, 

    * Increase the accuracy of the GIS database, and readily update it. 

For this survey, a customised applet for ArcPad called the ‘site sketcher’ has been 
developed, including a map document loaded with pre-fire aerial images (that provide the 
users with a bird’s-eye view of the area they are surveying) and a cadastre layer (parcel 
boundaries). The software maintains a live GPS data feed that determines a user’s 

location on the map document. The user can then reconcile the objects they can see 
around them with the object recognisable in the aerial image.  

The customised ArcPad software has a broad suite of virtual elements that can be 
selected and placed over the aerial image. For each virtual element placed in ArcPad, 
there are a series of questions asked of the user, which are saved in a local spatial 
database within the Toughbook (see Section 5.1.6 for database description). Table 3 

http://www.esri.com/software/arcgis/arcpad/index.html
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below provides a summary of standard elements along with a description of how each 
element is displayed. The result is a comprehensive audit of the relevant element’s 

spatial location, properties and condition. A comprehensive list of virtual elements and 
attributes is provided in Appendix B. Figure 3 below shows a land parcel with and without 
the virtual elements created during a field survey.   

Table 3 Summary of elements studied and number of questions 

Elements 
surveyed 

Description Number of 
questions 

attachment A series of question are used to describe all the attachments 
on a house: deck, veranda, and stairs, with a detailed 
description of the type of material, degree of damage and 
their spatial location on the house 

15 

barrier This element provides information on fences, retaining walls 
or other types of barrier. This includes their spatial location, 
size, material and degree of damage 

4 

combustible Refers to all the combustible elements in the property, such 
as gas bottle, wood heap, building material, dustbin, car. 
The location and status of these elements are recorded 

7 

ground cover Ground cover is spatially registered with information on 
combustibility, type (grasslands, garden mulch, bark, short 
heath, tall heath) and status (burnt or not) 

5 

outbuilding This element refers to the description of the type of 
outbuilding on the property (such as shed, garage), the 
material they are made of, their location and status 
(damaged or not) 

12 

sprinkler A series of question detailing the location of sprinklers, the 
material and status (damaged or not) 

3 

structure Information on the degree of damage of the house and the 
cause of damage. Information on different parts of the house 
(type and material, e.g. of roof, wall, underfloor enclosure) is 
recorded 

27 

structure opening The location, type, material and status (degree of damage) 
of doors, windows and vents on the houses are recorded 

19 

vegetation The type of vegetation (tree, bush, other) is spatially 
registered, and information is collected on the damage and 
mechanism of attack 

6 

water supplies Information is collected on the types of water supply (water 
tank, dam, swimming pool, hydrant), their location and if 
they were used to defend the property. More detailed 
information is collected on the water tank (material, status) 

12 

wind direction Leaf freeze direction is used to record wind direction at the 
house  

 

Total  110 
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Figure 3 Example of land parcel with aerial picture and the virtual elements created during the field survey 

5.1.6 Data management 

The following section describes the spatial data management system underpinning 
information collected using the ‘site sketcher’ applet. 

During a debrief session following the survey, a member of the CSIRO team copied the 
data from the Toughbooks and loaded it on the Bushfire CRC server. A file containing all 
previously surveyed structure locations was then loaded onto the Toughbook, so new 
deployments would not accidentally re-survey an already surveyed structure. 

The spatial datasets collected in the field are stored on the Bushfire CRC server and are 
categorised with a file structure reflecting the naming convention of ‘CRC + team’; see 
below, Figure 4 and Figure 5. 
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Figure 4 Naming convention 

Figure 5 Naming convention (detail) 

The spatial datasets are stored in ESRI shape-file format, which describe collected data 
using a combination of points, lines and polygon geometries. Each item contains a 
corresponding record in a .dbf file with the collected attributes. 

5.1.7 Post-processing data 

A large number of post-processing tasks had to be performed on original source datasets 
before the data could be used for analysis. Each post-processing task has been 
documented in detail and can be reviewed in Appendix C (track log).  

5.2 Remote sensing demonstration study – data and analysis 

The power of remote sensing as a tool for assessing fire risk, detecting active fires and 
post-fire burnt area analysis is well established (see the many examples in Chuvieco 
1999). Examples of these applications exist in both research and fully operational 
domains. In all such applications, the strength of remote sensing is the ability to make 
objective and repeatable assessments over the large areas relevant to fire managers. 

This section demonstrates the use of remote sensing methods to generate data at both 
the community (or the order of hundreds of hectares) and regional (tens of thousands of 
hectares) scales. The data are designed to characterise the region immediately 
surrounding residential structures (out to a maximum range of 200 metres) that were 
impacted by the fire. The key aim is that these data can be readily integrated with other 
data sources, such as on-site surveys and the assessment of building design and 
materials, in order to determine the key factors that influenced the survival of structures. 
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Owing to the time constraints around the completion of this report, and because this 
specific methodology had not previously been applied in this context, a demonstration or 
pilot of this approach was considered appropriate. Three regions were considered during 
this demonstration study, as detailed in Table 4; two broad-scale regions cover the areas 
in the West and East of the Murrindindi Shire, and the third is a subset of the West region 
at Pine Ridge Road, Kinglake West. This smaller region at Pine Ridge Road in Kinglake 
West has been identified as a ‘integrative study site’ by the Bushfire CRC, where a 
combination of other detailed studies were combined to tell a detailed story of events on 
this day. The location of the three areas considered in this work is shown in Figure 6. 
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Figure 6 Map of the broad study regions in the West and East of the Murrindindi shire; location of three study 
areas 

 



METHODOLOGY 

Chapter 3 | Page 28 
Building and Land Use Planning – October 2009 – Final Report 

 

Table 4 Coordinates, areas and number of surveyed houses within each study region 

Region Easting range Northing range Area (ha) Houses surveyed 

Murrindindi West 335682–358959 5834622–5866652 74,556 588 

Murrindindi East 380847–390787 5840906–5854981 13,990 196 

Pine Ridge Rd 

(Kinglake) 
345309–346913 5846572–5848566 320 44 

 

The approach used in this demonstration study extracts local statistics for each 
residential structure from remotely sensed imagery. The resulting tabulated data can be 
readily analysed using standard (non-spatial) statistics. The data maintain some of the 
directional and range information relative to each of the structures but each structure is 
considered statistically as a discrete entity. 

5.2.1 Summary of data source 

The remotely sensed data used in the study include airborne LiDAR, visible and infrared 
imagery. These raw image data layers and the derived surface from which the statistics 
are derived are listed in Table 5 and described in the following section. 

Table 5 Summary of remote sensing data used to derive local statistics for residential structures in each of 
the three study regions 

Dataset Murrindindi 
West 

Murrindindi 
East 

Pine Ridge 
Rd 

LiDAR    
     - DEM    
     - Forest/non-forest    
     - Cover by strata    
Pre-fire imagery    
     - Visible    
Post-fire imagery    
     - Visible    
     - Colour infrared (not included in 
analysis) 

   

Buildings vectors    
     - Centroids    
     - Footprints    
     - Building type    
     - Damage level    
     - Destroyed/not destroyed    
     - Residential buildings    
     - Outbuilding    
     - Water tanks    
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5.2.2 Airborne LiDAR data (Digital Elevation Model, vegetation structure) 

LiDAR (Light Detection and Ranging) instruments collect data by emitting, and receiving 
the reflected pulses, of laser light to measure distance to targets. LiDAR systems that 
operate in commercial terrain mapping environments are typically operated from aircraft, 
and are capable of recording multiple discrete targets hits for each pulse, with modern 
systems able to emit 50,000–100,000 pulses per second. Each pulse has an associated 
GPS location and time associated with it. Data is collected for each flight overpass of the 
target area, and then flight passes are registered to GPS data and combined into a 
complete LiDAR dataset. LiDAR data provide a structural assessment of the terrain, as 
they are able to exploit gaps in vegetation cover to provide information on the ground 
surface beneath the vegetation, and information on the structure of the vegetation itself.   

Figure 7 shows a transect of LiDAR data, and the distribution of the points in an example 
area. 
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Figure 7 Distribution of LiDAR points in a sample transect. Lower points lie on or close to the ground; higher 
points are located within vegetation. 

The points that lie on the lower envelope of the LiDAR data can be used to generate 
ground surfaces for terrain properties such as Digital Elevation Models (DEMs) and slope 
maps. By taking the highest points above the ground, surfaces representing the 
maximum height of the vegetation can be derived. By analysing the points between these 
two envelopes, details of the structure of the vegetation may be derived. 

LiDAR (raw point) data were obtained from the Department of Sustainability and 
Environment (DSE) that were collected in late 2007, and coincided with a number of fire 
regions for the 2009 fires. Figure 8 shows the extents of the LiDAR data coverage with 
respect to Local Government Areas and the fire survey data currently available. 
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Figure 8 LiDAR data extent showing derived Digital Elevation Model, and corresponding field survey data 
locations (yellow dots) 

The LiDAR data cover numerous fire regions, and three subsets of the data were 
extracted for analysis in regions. A broad-scale analysis was taken for Murrindindi East 
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and West areas. The Pine Ridge Road study case area is smaller in extent and allowed a 
more detailed analysis to be performed. 

 

Figure 9 LiDAR extent for Murrindindi study areas – legend as for Figure 8 
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Digital Elevation Model (DEM) 

A digital elevation model (DEM) was generated for the entire area covered by the LiDAR 
data (Figure 8). The surface was generated at 10-m resolution, where each 10 m pixel is 
calculated from the ground-classified LiDAR points that fell within that pixel. This 
resolution was chosen as a compromise between achieving minimal smoothing of ground 
features and minimal gaps in the resultant surface (where dense canopy and/or data 
density inconsistencies may contribute to lower density of ground data available). An 
inverse distance weighting was applied to the points within the cells, such that points 
further away from the centre of each cell contributed less than points closer to the centre 
of the cell. 

Forest/non-forest 

The Forest/non-forest layers were produced at 2-m resolution for all three study areas. 
Each output cell was considered to contain forest if there were vegetation-classified 
points more than 8 m above the ground within the cell. This conforms to the Specht 
(1970) classification of non-shrub and grass strata. Figure 10 shows sample images for 
West Murrindindi showing (a) the canopy height surface, and (b) the resulting forest/non-
forest layer. See the caption of this image for a description of the derivation of the 
forest/non-forest layer. 

 
(a) Canopy Height 

 
(b) Forest/Non-Forest 

Figure 10 Canopy Height (a) is shown as a grey scale where the brightness of the image is related to the 
height of the highest return detected by the airborne LiDAR instrument. The derived Forest/non-forest layer 
(b) is simply a threshold of the canopy height layer, where image pixels with heights detected above 8 m are 
assigned as forest and shown in green. The remaining non-forest areas are shown in black. 
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Vegetation cover by strata 

Studies such as that of Lovell et al. (2003) have shown that there is a relationship 
between the distribution of LiDAR points in the forest canopy and leaf area index as 
measured from ground-based methodologies. These methods use a measure of gap 
probability (Pgap) or it complement, hit probability, (Phit = 1 – Pgap), as an indicator of the 
density of leaves in a canopy. Since airborne LiDAR does not distinguish between 
structural forms such as leaves, branches and stems, Phit can also be used as an 
indication of the vertical distribution of forest fuel loads. In an effort to capture this vertical 
distribution of fuel loads, three additional cover layers were derived from the LiDAR data. 
These layers represent the Phit within three vertical strata (above 8 m, 3 to 8m, and 50 cm 
to 3 m) for each 2-m pixel on the landscape and are derived using the equations: 
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where: 

z is the height above the ground 

n(z) is the total number of LiDAR returns in the height layer z 

Phit(z) is the hit probability at layer z in the canopy. 

 
The resulting cover by strata surfaces using these techniques for the Kinglake region 
(Pine Ridge Road study case) are shown in Figure 11. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 11 Percentage of cover by strata for Kinglake study region with (a) over-storey cover 8 m and above; 
(b) mid-storey cover (3–8 m); (c) understorey cover (50 cm–3 m); and (d) a false-colour image where the 
colours are mapped as follows: red (mid-storey), green (canopy) and blue (understorey). 
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5.2.3 Pre and post-fire imagery (burnt severity of forest area) 

High-resolution visible multispectral (blue, green, red) airborne imagery for the Shire of 
Murrindindi was made available through DSE. The data were acquired during 2006 and 
2007 by United Photo & Graphics. The imagery includes three visible bands at a spatial 
resolution of 15 cm, and has been fully ortho-rectified and tiled into 1-km tiles. A subset of 
these data for the Pine Ridge Road study site is shown in Figure 12. 

 

Figure 12 Pine Ridge Road subset of the pre-fire imagery provided by the DSE 

Post-fire visible airborne imagery was commissioned by the Victorian Police immediately 
following the February fires over key areas where human impact was greatest. The DSE 
also commissioned colour infrared data (blue, green, red, near-infrared) to be collected 
over all fire-affected areas and these data were acquired during the months following the 
fires. All post-fire imagery was recorded at a spatial resolution of 15 cm, and was fully 
ortho-rectified. The extent of the data commissioned for the Murrindindi shire by the DSE 
is shown Figure 13. 
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Figure 13 Extent of the post-fire colour infrared data commissioned by the DSE 

Although the near-infrared data commissioned by the DSE should provide significant 
advantages in post-fire analysis over basic visible imagery, only the data commissioned 
by Victorian Police was available at the time this study was performed, and only over the 
Pine Ridge Road study site. Within this region, the data were used to determine the 
extent of structure footprints and whether structures had been destroyed during the fire. 

The Pine Ridge Road subset of the post-fire imagery was also used to derive an 
indication of burn severity within the region (see Figure 14). Areas of forest, as defined by 
the LiDAR forest layer, were classified into broad severity classes: 

burnt – complete absence of foliage or undergrowth; 

scorched – scorched crowns, scorched foliage still connected; 

unburnt – green crown. 
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Figure 14 Pine Ridge Road subset of the post-fire imagery commissioned by the Victorian Police and 
provided by the DSE 

Classification was performed using a minimum-distance supervised classification of the 
imagery, using areas of the Pine Ridge Road subset image as training data. Significant 
confusion was apparent between unburnt and burnt classes, and a large number of 
unburnt polygons in the classified image were manually reassigned to the burnt class. 
Future work will logically utilise airborne near-infrared data that has recently become 
available and is expected to greatly reduce misclassification errors. The final burn 
severity classification is shown in Figure 15. 
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Figure 15 Burn severity classification of the Pine Ridge Road subset. Burn is shown in black, scorched in 
brown and unburnt in green. Burnt residential structures are shown in red and unburnt residential structures 
in blue (as described in Section 5.2.4). Areas in white are non-forest. 

5.2.4 Structure locations and attributes 

Surveys have been conducted by field teams to record detailed aspects of structures 
within all fire-affected areas. This includes the geographic coordinates of residential 
structure centroids and observations of the level of damage, the structure type and 
building materials (see Section 5.1 Field data). Subsets of these data were extracted for 
both the Murrindindi West and Murrindindi East regions. These data are yet to be 
checked for both location and attribute errors. To ensure a higher degree of accuracy for 
data associated with the Pine Ridge Road integrative study area, GIS vector files 
describing the structure footprints (the bounding box that defines the spatial extent of 
structures) were also defined manually using both the pre-fire and post-fire imagery.  

Structures could generally be clearly seen and delineated in the pre-fire airborne images. 
However, where overhanging trees existed, it was occasionally easier to delineate the 
structure or the burnt remains in the post-fire image. Cross-checking between the two 
images was performed to ensure that no errors or omissions were present. 



METHODOLOGY 

Chapter 3 | Page 39 
Building and Land Use Planning – October 2009 – Final Report 

 

Each structure was attributed with a structure type (residential, outbuilding or water tank) 
and a damage class (burnt, not burnt). This was done through subjective assessment of 
the pre-fire and post-fire imagery (see Figure 16). A single building was generally 
selected per property as the likely residential building. Factors influencing the decision 
included the size, location and roof type (gable, etc.). Other buildings within the property 
were assigned as outbuildings and circular shapes were attributed as water tanks. Burnt 
buildings were generally obvious through analysis of their change in appearance between 
the pre- and post-fire imagery. 

 

Figure 16 Distribution of burnt and unburnt structures in the Pine Ridge Road case study site area (red: burnt 
structures, and blue: unburnt structures) 

In general, the location of field-surveyed residential structure centroids and the delineated 
housing footprints within the Pine Ridge Road study area aligned well (see Figure 17). 
The number of housing footprints delineated using the imagery (95 residential structures) 
was roughly twice that surveyed (44 residential structures). This can be attributed to the 
selective nature of the field survey. It is also possible that some commission error4 has 
occurred in the subjective assessment made from the imagery.  

Table 6 shows the numbers of residential structures considered within each region and 
their level of damage. Note that structures within the broader West and East regions were 
assessed during field surveys but structures within the Pine Ridge Road study case area 
were manually delineated and assigned either unburnt or destroyed based on 
interpretation of post-fire imagery. 
                                                
4 Non-residential buildings assigned as being residential using the imagery 
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Figure 17 Residential structure footprints (red) with surveyed residential structure centroids (blue crosses) 
within an area of the Pine Ridge Road study case area 

Table 6 Numbers of residential structures considered within each region and their level of damage 

Region Area (ha) Unburnt Superficial Light Destroyed Total survey 
points 

West 
Murrindindi 

74,556 19 54 43 342 588 

East 
Murrindindi 

13,990 8 21 17 150 149 

Pine Ridge 
Rd 

320 2 0 0 42 77 

 

It is likely that any future work will make use of data recently assembled by GA describing 
the exact footprints of all structures within all fire-affected regions. It is intended that these 
data will be integrated with site surveys to provide detailed and spatially accurate 
datasets on which more comprehensive analysis can be performed over a greater 
number of fire-affected regions. 

5.3 Other spatial datasets  

Spatial information datasets describing human behaviour, weather conditions and fire 
behaviour are important synergistic datasets to be considered in the analysis. In addition, 
a better understanding of the urban layout, building footprints, and the age of the houses 
is necessary to perform certain types of useful analysis. Datasets detailing residential 
housing centroids and footprints were becoming available as the report was being 
completed. In addition, information on damage levels, replacement costs and actual value 
including fences and outbuildings may become available.     
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5.3.1 Human behaviour 

A detailed interview-based survey effort has been conducted by the Human Behaviour 
Team members. Details are provided in the report from the Human Behaviour Team. 
Approximately 200 transcribed interviews (out of 600) were partially analysed and made 
available for integration with the dataset described in Section 6.1 at the time of writing the 
current report. There is significant future opportunity for further analysis of transcripts 
once they are made available. The transcripts are provided with useful summaries such 
as: impact on life, impact on house, intended action, action taken, planning and 
preparedness.  

Future analysis of the full set of human behaviour interviews will allow a detailed analysis 
of relationships between human actions and likelihood of structural survival. In this report, 
we have used a limited number of interviews to identify a number of observed structural 
ignitions, house tenability, house defence strategies and near-structure fire behaviour.  

Beyond the time frame of this report, additional information will become available from 
postal surveys and additional interview transcripts, providing a much broader suite of 
parameters for further data analysis.  

5.3.2 Weather conditions 

The data recorded on the closest meteorological station have been used to produce 
information on weather conditions during the fire event (see Table 7). For more details, 
see the fire behaviour part of this report and the Bureau of Meteorology report on the 
Victorian bushfires (2009). 

Table 7 Weather conditions 

Fires Weather conditions* ( maximum Forest Fire Danger Index (FFDI), maximum 
temperature and minimum relative humidity (RH) recorded on 7th February) 

Bunyip 130 FFDI, 42ºC, 5% RH (Dunns Hill Automatic Weather Station AWS)) 

Churchill 120 FFDI. 46ºC, 8% RH (Morwell AWS) 

Kilmore East 
46ºC, 7% RH (Melbourne Airport AWS) 
180 FFDI 43ºC, 5% RH (Kilmore Gap AWS) 

Maiden Gully 120 FFDI, 45ºC, 6%RH (Bendigo Airport AWS) 

Murrindindi 100 FFDI, 41ºC, 10% RH (Eildon Fire Tower AWS) 
* From fire behaviour report 

The spatial locations of the weather stations in relation to the fire perimeter can be found 
in the Bureau of Meteorology report on Victorian bushfires (2009). 

The week leading up to February 7th was a week of above-average maximum and 
minimum temperatures and was preceded by approximately one month of zero rainfall5. 
These conditions would have been effective in reducing the moisture content of 
combustible elements around, on and within structures (MacIndoe & Bowditch 2007). 
This reduced moisture content would have led to a great propensity for ignition and 

                                                
5 Monthly statistical summary (http://www.bom.gov.au/climate/averages/)  
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support of the spread of flame. In addition, the day of the 7th was particularly hot, dry and 
windy, and this would have caused significant additional moisture loss from these 
elements, in particular at their surface (see Table 7). These are the same surfaces that 
define the likelihood of ignition and flame spread. It is clear that when the fire was active 
in the landscape, houses and surrounding elements were at their most vulnerable stage. 

5.3.3 Fire behaviour 

The map of main wind and fire direction will be provided by the Fire Behaviour Team. 
Spatial information on fire spread and fire intensity were not available for consideration 
and integration in the time frame of this report. During the course of surveying properties, 
field teams also observed local wind direction indicators such as leaf freeze and burn 
markings on vegetation. When these were observed, field teams recorded the location 
and direction the wind was likely to have been travelling while fire was active.  

Significant insights are likely to be made when other formal datasets are made available 
for integration and analysis.  

6. DATA ANALYSIS 

A preliminary data analysis has been detailed in the following section to demonstrate two 
potential approaches that can be taken. Two main approaches were used to extract 
relevant information to address the research questions presented in Section 3:  

 Query the data to extract specific information on data elements and their 
relationship to other objects that they either belong to or are closely associated 
with. 

 Spatial analysis is used to derive proximity-based information between objects, 
often using a combination of field and remote sensing data. 

A range of statistical analyses was then performed using the data from the field surveys 
as well as a wide range of general variables extracted from the field survey data and 
other sources such as pre- and post-fire remote sensing datasets. The results of these 
analyses were used to provide a preliminary perspective of the relationships between one 
or more variables, and they were used to identify the role a variable or a group of 
variables may have played in determining and influencing house loss or survival. 

The following data were not available at the time of writing this report but would be very 
useful in future analysis: 

 A definitive identification of which houses were lost in the fires and their spatial 
location (partially done) 

 a dataset of life loss with location and circumstance for each 

 a model output indicating local wind speed potential due to topographical effects 

 a complete set of transcribed interviews from the Human Behaviour Team (201 
interviews were available) 
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 results from the postal survey effort conducted by the human behaviour study 
group 

 a dataset of the build date of structures affected by the fires 

 a dataset of structures that were built to various regulatory controls 

 a photo archive of building wreckage taken prior to Victorian Police investigation 
modifying the location of building debris 

 a dataset of building footprints within the fire-affected areas. 

6.1 Statistical analysis on field data  

Frequency analysis is used to describe the data collected for each fire. In addition, cross-
tabulation analysis (or contingency table analysis) has been used to understand the 
relationship between two (or more) questions in the surveys. A cross-tabulation is a two- 
(or more) dimensional table that records the number (frequency) of responses that have 
the specific characteristics described in the cells of the table. 

For this study, cross-tabulation of degree of damage to the house (corresponding to Q3 in 
the structure questionnaire) and a range of other queries has been performed. The 
frequency and cross-tabulation analysis were obtained using either Statpac or 
Questiondata statistical packages. 

Cross-tabulations of damage to the house (Q3 in the structure questionnaire) and 
answers from structure, structure opening and outbuilding questions have been combined 
for all fires and are presented in the results section. Data analysis of this type has also 
been performed for each individual fire and is provided in Appendix K. Note: Appendix K 
does not include the Bunyip fire as the field survey sample was too small. 

Question 3, for which most correlations were performed, relates to the degree of damage 
to the house, and has eight possible answers: 

(a) Untouched, 

(b) Superficial, 

(c) Light damage, 

(d) Medium damage, 

(e) Heavy damage, 

(f) Destroyed, 

(g) Other,  

(i) Unknown. 
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The question answers have been combined as follows: response (a) is labelled 
untouched; responses (b), (c), (d) are combined and are labelled damaged; responses 
(e) and (f) are combined and labelled destroyed. Further details of this are provided in 
Section 7.2.1. 

The key to the four entries in each cell of the cross tabulation tables is: 

 Count:   number of entry 

 Row%   means the percentage of the row total in that cell 

 Col%   means the percentage of the column total in that cell 

 Tot%   means the percentage of the table total in that cell 

For each cross-tabulation, a Chi-square value is provided with a significance level. 
Extreme caution must be exercised in drawing inferences from simple cross-tabulations 
such as these. An association between house damage and any factor tabulated may be 
due to an association of that factor with some other factors (closely related) that 
increases the risk of damage. 

6.2 Calculation of local statistics using remote sensing  

Local statistics were calculated from the remote sensing data around the centroid of each 
identified structure of interest. Three key statistics were calculated: 

(i) minimum distance, e.g. minimum distance to another structure; 
(ii) total area, e.g. total area of forest cover; 
(iii) spatial average, e.g. average cover. 
 

Distances from a structure to nearest features were derived for each of twelve 30 
sectors beginning from true North; see Figure 18(a). Area-based statistics and spatial 
averages were calculated within 36 segments defined by 12 directions (30-sectors) and 
three ranges (0–50, 50–100 and 100–200 m); see Figure 18(b). 
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Figure 18: Sectors for distance calculations (a) and segments for area and spatial averages (b). Blue, green 
and red circles represent ranges of 50, 100 and 200 m, respectively. 

Distances were calculated from the centroid of a structure (not the outer wall or edge) to 
the nearest feature of interest in each sector. Centroids were defined as integer Easting 
And Northing coordinates and features of interest were defined in raster (grid) form with a 
spatial resolution of 2 m. 

Calculation of area and spatial averages in each segment was performed using raster 
(grid) data at a spatial resolution of 2 m. Each cell (pixel) in a raster layer was assigned a 
unique identifier. Area-based statistics were defined as fractional proportions of the 
segment area. 

The tabulated data extracted from each of the data layers takes a consistent form as 
shown below: 

ID Burnt Type  Cover1 …… Cover36 Dist1 …… Dist12 
1 1 0 x  0.325813 0.32543  0.06496 

 

A new tabulated file was generated for each layer produced from the remote sensing 
data. The ID for each record within the files is the unique identifier for the structure, 
derived from either the survey data in the case of the West Murrindindi and East 
Murrindindi regions, or through sequential numbering of the footprints in the case of the 
Pine Ridge Road site. ‘Burnt’ refers to the damage severity associated with that structure 
and ‘Type’ refers to the nature of the structure, specifically whether the building is 
residential, an outbuilding or a water tank. 

The spatial average statistics for each structure in each of the 36 sectors are recorded in 
fields ‘Cover1’ to ‘Cover36’. Corresponding distances to the nearest pixel for each of the 
12 segments is recorded in the fields ‘Dist1’ to ‘Dist12’. The summary of these data using 
standard non-spatial statistics is reported in Section 7. 

(a) (b) 
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7. RESULTS 

7.1  Dataset description  

The dataset used for this analysis involves 989 cadastral parcels (properties) recorded 
with a unique parcel ID. A number of objects are recorded as belonging to each of these 
properties, the term belonging refers to the object being positioned within or on the border 
of the property. These are detailed in the following Table 8. Some cadastral parcels 
contain two or more houses (structures), which explains the difference between the 
number of surveyed parcels and the number of surveyed houses (see also Table 3 for a 
detailed description of each of these elements). 

Table 8 Description of dataset (example) 

 Number of objects 
recorded in one 

example  

Total number 
of records in 

dataset 
Parcel ID 1 989 
Structure 1 1065 
Structure opening 8 6560 
Attachment 2 767 
Outbuilding 3 11,706 
Combustible 5 1439 
Barrier 3 451 
Vegetation 15 10,195 
Cover 2 1693 
Sprinkler 0 344 
Water supply 3 1872 
Wind direction 2 626 
Interviews 1 650 
Photo 20 22,000 
Score 78% N/A 

 

Please note that in subsequent sections, not all questions were answered in relation to all 
objects. Rather than include a lack of an answer, we have instead analysed the dataset 
using the answered questions and simply reported the total number of answers and the 
number of unanswered questions on which the comparison was based. At the time of 
writing the report, we had not undertaken a detailed analysis as to why questions varied 
in the extent to which they were answered.  

7.2 Summary of house damage for all the fires 

This section presents a general overview of the number of surveyed houses damaged 
and surveyed houses lost across all fire regions and the cause of loss when known 
(Table 9). The analysis was performed on 1065 surveyed houses (approximately 50 
houses that need further processing as well as 90 paper-based surveys have been 



RESULTS 

Chapter 3 | Page 47 
Building and Land Use Planning – October 2009 – Final Report 

 

excluded from this analysis). A detailed breakdown of the houses surveyed by locality is 
presented in Appendix E. 

Table 9 Summary of houses surveyed and degree of damage of the houses across all areas 

Fire Surveyed 
houses  

% Houses 
surveyed houses 
in fire perimeter 

Surveyed 
houses 

destroyed 

Surveyed 
houses 

damaged 

Surveyed 
houses 

untouched 
Bunyip 14 6% 29% 14% 57% 
Churchill 140 41% 51% 18% 31% 
Kilmore East 705 18% 58% 15% 27% 
Maiden Gully 56 26% 41% 25% 34% 
Murrindindi 150 13% 75% 23% 3% 
Total 1065 18% 58% 17% 25% 
 

Across all fires, 58% of houses surveyed were classed as destroyed (see Table 10).  

Within the fire perimeter of Kilmore East, Table 9 shows that 705 houses were surveyed, 
and Appendix E provides additional detail on the 21 localities this involved. It was noted 
in the fire behaviour report (see fire behaviour part of this report) that the fire burnt with 
very high intensity in forested areas during the day.  

A total of 150 houses were surveyed in the Murrindindi fire (covering both the areas of 
Marysville and Narbethong). Of these, 75% were destroyed, which is a higher figure than 
in other survey areas but indicative of the extent of damage in the Marysville township.  

In total, 56 houses were surveyed within the fire perimeter of Maiden Gully (Bendigo), in 
which 41% of houses were destroyed. The fire has been identified as having a moderate 
rate of spread in light to moderate fuels (see fire behaviour part of this report). 

A total of 140 houses were studied in various locations within the Churchill fire perimeter, 
mainly in Callignee, Hazelwood South and Koornalla. Half of the houses were destroyed. 
The fire is likely to have involved substantial spotting (see fire behaviour part of this 
report). 

Fourteen houses were surveyed in the Bunyip area. Six houses were affected by the fire, 
two by wind and fire and six were untouched. The Council performed a survey of each 
house destroyed in the fire; however, the information was not available at the time of 
writing this report.  

One of the aims of the rapid research response to the fires of 7th February 2009 was to 
collect information that would be lost in time owing to human activity. Table 10 shows this 
was achieved, with surveyors able to collect data from a large proportion of houses that 
had been destroyed but had not yet been disturbed by site clearance. The 5% of surveys 
involving site clearance occurred later in the survey effort, and these surveys do not 
contain details of house design and extent of damage. However, the context provided by 
the location and surrounding elements is still useful. 
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Table 10 Percentage of house survived (corresponds to liveable houses, including untouched and damaged 
houses) and destroyed houses 

House survived 444 42% 
House destroyed, site not cleared 567 53% 
House destroyed, site cleared 54 5% 
Total  1065 100 

 Degree of damage to the house 

Six main levels of damage were used to describe the state of structures in the survey, 
according to the following descriptions:  

Untouched: no fire-related impact to the houses, e.g. scorching, charring, ignitions (a 
smoke-damaged house may still be untouched). 

Superficial: damage to the house that does not require rectification for normal house 
function, e.g. discoloration, paint blistering, small scorch marks, small burn marks. 

Light damage: localised combustion of an element on the house that has not spread to 
other elements, or localised damage that requires rectification for normal house function, 
e.g. cracked or broken window, burnt window frame, burnt area on eaves. 

Medium damage: combustion that has spread to secondary elements, or extensive 
radiation impact, e.g. flame spread involving a large area of façade, flame entry into 
building or building cavities, or majority of windows cracked on at least one side of the 
house. 

Heavy damage: flames have entered the house and engulfed at least one room in the 
house, or sufficient external combustion to compromise the structural integrity of the 
house. 

Destroyed: more than 50% of the floor area of the house is burnt. House is typically 
unoccupiable. 

Table 11 gives a breakdown of the degree of house damage of surveyed structures for 
each fire and a total for all fires. 

Table 11 Degree of damage to the surveyed houses (expressed as number of houses and percentage per row) 

% Row Untouched Superficial 
Light 
damage 

Heavy 
damage 

Medium 
damage Destroyed Total % Total 

Bunyip 8 2 0 0 0 4 14 1% 
 57% 14% 0% 0% 0% 29%   
Churchill 44 20 3 0 3 70 140 13% 
 31% 14% 2% 0% 2% 50%   
Kilmore 
East 190 71 33 14 0 397 705 66% 
 27% 10% 5% 2% 0% 56%   
Maiden 
Valley 19 1 1 0 12 23 56 5% 
 34% 2% 2% 0% 21% 41%   
Murrindindi 4 17 16 3 1 109 150 14% 
 3% 11% 11% 2% 1% 73%   
Total 265 111 53 17 16 603 1065 100 
% 25% 10% 5% 2% 2% 57% 100  
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In addition, see maps of degree of damage to houses per fires in Appendices F, G, H, I, 
J. 

7.2.1 Likely cause of damage 

The causes of damage to houses are dominated by fire-related effects. However, 13% of 
damage or destroyed houses have been identified as being impacted by a combination of 
both fire and wind (see Table 12, Figure 19 and maps of likely cause of damage in 
Appendices F, G, H, I, J). Some wind effects have been recorded in the Marysville region, 
such as trees and branches broken, and some localised cases of trees being uprooted 
(as example see Figure 22 and Figure 23). The survey team also identified strong wind 
effects in other area such as the Kilmore East region; for details on each fire, see 
Appendices F, G, H, I, J). A very small number of surveyed houses were identified as 
having wind-related damage only. These occurred within 8 km of each other on the 
border of Humevale and Kinglake West (see Figure 20). Wind-related impact was also 
identified in a number of interviews. 

Table 12 Likely cause of fire (expressed as number of houses and percentage per row) 

% Row 
Fire 
only 

Wind 
only 

Fire 
& 
wind 

Fire damage, 
wind 
unknown Other 

Untouched, 
no damage Unknown Total 

% 
Total 

Bunyip 6 0 2 0 0 6 0 14 1% 
 43% 0% 14% 0% 0% 43% 0%   
Churchill 35 0 6 39 0 46 12 138 14% 
 25% 0% 4% 28% 0% 33% 9%   
Kilmore East 183 4 81 217 3 127 40 655 65% 
 28% 1% 12% 33% 0% 19% 6%   
Maiden 
Valley 

8 
14% 

0 
0% 

4 
7% 

14 
25% 

2 
4% 

9 
16% 

19 
34% 

56 
 

6% 
 

Murrindindi 7 0 42 62 2 5 31 149 15% 
 5% 0% 28% 42% 1% 3% 21%   
Total 239 4 135 332 7 193 102 1012 100 
% 24% 0% 13% 33% 1% 19% 10% 100  

 

Figure 19 Likely cause of damage across all fire areas 
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Figure 20 Example of house affected by wind only (Humevale, Kinglake West) 

 

Figure 21 Likely cause of damage in Murrindindi and Kilmore East fire (percentage of houses surveyed) 
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Figure 22 Example of observed wind influence in Marysville 

 

Figure 23 Example of wind impact in Marysville (tree blown down during the fire – comment from resident 
account) 
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7.2.2 Identified mechanism of bushfire attack  

This section presents a summary of identified mechanisms of bushfire attack (embers, 
radiant heat and flame) using two approaches: 

- an analysis of the information recorded in the building survey, 

- an extraction of information from human account (interviews from Human 
Behaviour Team).  

In the building survey, the mechanisms of bushfire attack were recorded for: 

- ground cover 

- outbuildings  

- houses. 

In some cases, the main mechanism of bushfire attack was difficult to identify. This 
explains the large proportion of unknown survey answers (22%) with regard to the nature 
of bushfire attack the structure may have experienced (see Table 13). Ground cover, 
outbuildings and structures tended to experience similar proportions of attack mechanism 
when aggregated across all Victorian fires considered in this study. 

Table 13 Main bushfire attack mechanisms recorded for the ground cover, outbuildings and structures within 
all fire perimeters, where response was recorded 

 
Damage on 

ground cover 
Damage on 
outbuilding 

Damage on 
structure 

Embers only 64 15% 94 12% 95 19% 
Ember and  some radiant 
heat 150 35% 262 34% 168 33% 
Predominant radiant heat 18 4% 76 10% 24 5% 
Flame contact from bush 82 19% 103 13% 67 13% 
Other (please comment) 3 1% 5 1% 11 2% 
No direct bushfire attack 34 8% 62 8% 36 7% 
Unknown 76 18% 172 22% 111 22% 
Total  427 100 774 100 512* 100% 

* Note 553 surveys contained no answer to this question 

Table 14 shows a comparison with the Eyre Peninsula and Canberra fires. For those 
fires, the main mechanism of attack was by embers and radiant heat. The Victorian 
bushfires show a much lower proportion of ‘embers only’ (19%) compared with the other 
fires.  

If we combine all categories involving flame, we see the Victorian fires and the Eyre 
Peninsula fire are similar while the Canberra fire is much lower. The combination of 
embers and radiant heat is roughly comparable across all fires. 

It should be noted that this is a difficult question to answer as some evidence 
disappeared, as elements around the house ignite and spread to other elements. Hence 
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questions such as these may be interpreted differently owing to the different background 
of the survey staff. This influence is likely to have been expressed in percentage of 
unknown reports in the survey. 

Table 14 Main bushfire mechanisms recorded in the Eyre Peninsula bushfire – comparison with Canberra 
bushfire and Victorian fires (from Blanchi & Leonard 2006) 

 

Eyre Peninsula 
2005 

Canberra Bushfire 
2003 

Victorian fires 
2009 

No of 
houses % 

No of 
houses % 

No of 
houses 

% 

Embers, radiant heat and flame 
contact 9 11% 0 0% 

* * 

Embers and flame 2 3% 1 0% * * 
Embers and some radiant heat 7 9% 74 34% 168 33% 
Embers only 45 56% 107 49% 95 19% 
Predominantly radiant heat 2 3% 11 5% 24 5% 
Flame contact from bush 
vegetation 1 1% 4 2% 67 13% 
Other 1 1% 2 1% 11 2% 
No direct bushfire attack 5 6% 15 7% 36 7% 
Unknown 8 10% 5 2% 111 22% 
Total 80 100% 219 100% 512 100% 

* question not asked in survey 

7.2.3 Human accounts of fire effects on houses 

In addition to the survey of structures, occupant accounts were used to identify the main 
ignition points on the structures, by ember and/or radiant heat. This approach is essential 
to increase our knowledge of house vulnerability. The observations identifying 
mechanisms of attack are readily drawn from eyewitness accounts and surviving house 
case studies, as this provides the most definitive identification of house loss mechanisms. 
The ignition points were preserved owing to occupant and/or brigade activities, or were 
identified by the occupant before developing into an extensive house fire. 

In this example, we used the occupant accounts from the interviews conducted by the 
human behaviour team. Owing to the short time frame for the completion of this report, 
only 40 out of the 201 interviews available were studied (interviews of occupants who 
stayed and defended were selected in priority). Twenty-three of these interviews provided 
interesting observations on the mechanism of attack and are presented here. It is 
anticipated that a much greater sample will be analysed in future efforts. Extracted quotes 
involving the following specific structural features (and the number of separate interviews 
they appear in) are provided below: 

Window (2 cases) 

“My hot-house had caught fire in two places on the windows, so I put that out with 
buckets” 

Roof, ceiling, eaves (11 cases), see also Figure 24 as an example of roof ignition 
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 “The eaves caught on fire and even with pump and hose…I could not stop it” 

“Yes, the embers somehow got under the tiles even with the sprinklers on. I don't 
know how they did but yes, and it was burning underneath” (could not reach from 
outside). 

“When the main embers had passed, and the house had caught in four different 
spots, all at the roof line, and we put those out” 

“It was the roof beam that went (rough-sawn Oregon), could not reach with buckets” 

“There’s big embers everywhere up in there (roof)” 

Inside house (4 cases) 

“Embers on carpet” (house not well sealed) 

“House full of smoke and embers …came through the door” 

Veranda and other house attachments (2 cases) 

“On the other side of the house, the fire picks up the veranda beams” 

In addition, some interviews provided information on the type of mechanisms of bushfire 
attack. For instance, some occupants, mainly in the Marysville and Kinglake regions, 
have commented on the magnitude and ferocity of ember attack; further analysis of 
interviews will give an insight on these and other regions. The following comments are 
indicative: 

Marysville 

“It was just all over the place and the embers were just rocketing in, big, big stuff. 
Not an ember attack I was thinking was leaves and ferns and shit, but this was 
incoming branches, burning branches, it was quite large. And they were coming out 
of the gloom just like red rockets. And like they were just streaking in and hitting the 
roof, the ground, and when they hit the ground, they would just ignite.”  

“We had a horizontal hailstorm of burning embers, some the size of golf balls, 

accompanied by a thick smoke cloud and gigantic flames leaping over the back 
fence towards our house”  

St Andrews 

“Hailed embers, like I say or more, for an hour – or more”  

Kinglake 

“It was more a hail of fire spots. And it was as though the air was alight”  
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These accounts are particularly insightful for consideration by the researchers, as much 
of this evidence is not observable from surveying the building remains after the bushfire. 

7.2.4 Human accounts of house ignition after the fire front has passed  

Occupant interviews have also provided evidence of houses lost after the fire front had 
passed, usually from small ignitions that were unattended (an example is shown in Figure 
24).  

“It took half an hour, and we watched a little fire start at a post out the front of the 
house (neighbouring house). There was nothing we could do from here. So it got 
lost. The one next to the tennis court was an hour later before it actually lit up” 

“Three houses on the block, the second house rented went around midnight from 
embers” 

“Come back one o’clock if we weren’t here, this could have taken alight after” 

“This house here, I thought – I thought at about 10.30 (pm), that it had actually 
gone. This one didn’t start until 12.30. I remember the time. It was 12.30. I came out 
and I just – the front porch started to catch. Just a little fire, just started, and that 
was it. Two hours later, the whole house was on fire” 

From the small interview sample, there were 10 interview cases where the occupant 
either stayed and defended, or left and returned soon after the fire. Nine of these 
mentioned they had saved their houses from certain loss. 
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Figure 24 Example of ignition into roof noticed by the occupant several hours after fire front had passed 

7.2.5 Human accounts of house tenability 

There is evidence provided by occupants that the heat was too intense to be able to 
survive outside, owing to several fire fronts impacting on the house (or surrounding 
elements burning). 

“And the fire front – I've always been told a fire front will take you five or seven 
minutes to go through. Well, I've got to say it was at least half an hour, you couldn't 
come... venture outside… Yep. And I've heard other people say 30 to 45 minutes.” 

(Kinglake) 

“And how long did you stay inside for?” “At least 40 minutes” (Strathewen) 

There are some examples of house ignitions forcing people to carefully move through the 
house as it became involved until they could make an exit when the house became 
untenable. This example in St Andrews describes the case of a house where the roof 
caught alight; the occupant closed this part of the house and sheltered in another part of 
the house while the fire was progressing. The occupant defended himself inside as the 
house gradually became more involved.  

“An hour, maybe an hour and a quarter since the fire first hit” (answering a question 
how long they stayed in the house) 
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Another example of occupants having to shelter in a burning house and work their way 
out of the house was found in Kinglake (Pine Ridge Road). 

7.3 Characteristics of house design and material 

The characteristics of house design and material play an important role in the house loss 
process. The vulnerability of a house depends on three aspects:  

- the probability of embers entering in the structure through gaps  

- the probability of ember ignition against the envelope and sustaining the 
ignition, leading to a breach in the structure 

- the probability of ignition from radiant heat and flame due to the combustion of 
external combustible material (e.g. vegetation and surrounding objects). 

Different parts of the house will present vulnerabilities to these attack mechanisms, such 
as wall material, roof, subfloor space, windows, decks and verandas. Each aspect is 
studied for each fire, as well as being compared across all fires. 

7.3.1 Number of storeys 

It is interesting to consider whether the number of storeys of a house may have bearing 
on the likelihood of structural impact. The majority of houses in all fire areas are single 
storeys, although the proportion varies across areas as follow: Kilmore East fire area 
(79%); Murrindindi fire (61%); Churchill fire (80%), Maiden Gully (63%); and Bunyip fire 
area (79%) (see Table 15).  

Table 15 Number of functional levels (expressed as number of houses and percentage per row) 

% Row 
One 
level 

Split 
single 
level 

Two 
levels 

More 
than 
two full 
levels Other Unknown Total 

% 
Total 

Bunyip 11 1 2 0 0 0 14 1% 
 79% 7% 14% 0% 0% 0%   
Churchill 116 7 10 1 0 2 136 14% 
 85% 5% 7% 1% 0% 1%   
Kilmore East 506 34 80 3 5 18 646 65% 
 78% 5% 12% 0% 1% 3%   
Maiden Gully 35 1 2 0 0 18 56 6% 
 63% 2% 4% 0% 0% 32%   
Murrindindi 89 10 27 2 4 15 147 15% 
 61% 7% 18% 1% 3% 10%   
Total 757 53 121 6 9 53 999* 100 
% 76% 5% 12% 1% 1% 5% 100  

* 66 no answer or missing cases  

It is unclear why there are a large number of unknowns for Maiden Gully at this point. 
This is possibly due to local site clearing or the survey team finding it difficult to identify 
structural wreckage. 
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Table 16 shows the cross-tabulation analysis between the number of storeys and house 
damage on all the fires. This shows a higher proportion of houses with one storey are 
destroyed (61%) compared with the two storey-houses (44%); this may be an expression 
of house age rather than the number of storeys, as it would be fair to suggest that older 
houses in the region are more likely to be single-storey. Further investigation of this issue 
is required. 

Table 16 Number of storeys and house damage across all fires6 

  
  

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

House damage One level Split single 
level 

Two levels More than 
two full 
levels 

Other Unknown Totals 

        
 168 12 31 1 1 10  
Untouched 75.3% 5.4% 13.9% 0.4% 0.4% 4.5% 223 
 22.2% 22.6% 25.6% 16.7% 11.1% 18.9% 22.3% 
 16.8% 1.2% 3.1% 0.1% 0.1% 1.0%  
        
 123 10 37 1 2 0  
 Damaged 71.1% 5.8% 21.4% 0.6% 1.2% 0.0% 173 
 16.2% 18.9% 30.6% 16.7% 22.2% 0.0% 17.3% 
 12.3% 1.0% 3.7% 0.1% 0.2% 0.0%  
        
 466 31 53 4 6 43  
 Destroyed 77.3% 5.1% 8.8% 0.7% 1.0% 7.1% 603 
 61.6% 58.5% 43.8% 66.7% 66.7% 81.1% 60.4% 
 46.6% 3.1% 5.3% 0.4% 0.6% 4.3%  
        
Totals 757 53 121 6 9 53 999 
 75.8% 5.3% 12.1% 0.6% 0.9% 5.3% 100.0% 
 
Chi-Square = 33.23 Valid cases = 999  
Caution: 5 cells (28%) E < 5 Missing cases = 66  
Probability (df = 10) = 0.000 Response rate = 93.8% 

                                                
6 The key to the four entries in each cell is given as follows: 
• number of houses 
• percentage of the row total in that cell 
• percentage of the column total in that cell 
• percentage of the total entry in that cell 
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7.3.2 Flooring system  

The survey and resulting study of flooring systems sought to verify whether these areas 
were vulnerable to ember entry, accumulation, and/or direct ignition. Across all the 
houses surveyed, 35% were slab-on-ground construction, 30% of the floors were 
supported by concrete stumps and 12% by timber stumps (see Table 17).  

Table 18 suggests that house construction types involving raised flooring is more likely to 
be destroyed than slab-on-ground construction. Slab-on-ground construction had a 
similar distribution of undamaged to damaged houses. Houses with raised floors 
supported by stumps had a far greater proportion of destroyed houses compared with 
undamaged. The type of stump material does not seem to influence the likelihood of loss. 
Treated pine stumps had a significantly different distribution; this may be due to the fact 
that treated pine elements tend to burn to completion once ignited, leaving little evidence 
of their existence, and this may have led to a poor detection rate of this stump type in 
destroyed house wreckage. 

Table 17 Main material supporting floors (expressed as numbers of houses and percentage per row) 

% Row 
Treated 
pine 

Other 
timbers 

Concrete 
stumps,  

Steel 
posts 

Brick 
piers Other 

Slab on 
ground Unknown Total % 

Bunyip 3 1 1 0 1 0 0 2 8 1% 
 38% 13% 13% 0% 13% 0% 0% 25%   

Churchill 6 7 51 6 2 1 29 7 109 
15
% 

 6% 6% 47% 6% 2% 1% 27% 6%   

Kilmore 
East 

19 
4% 

86 
18% 

199 
42% 

21 
4% 

42 
9% 

5 
1% 

59 
13% 

38 
8% 

469 
 

63
% 

 
Maiden 
Gully 

0 
0% 

10 
21% 

7 
15% 

1 
2% 

5 
11% 

0 
0% 

9 
19% 

15 
32% 

47 
 

6% 
 

Murrindindi 8 20 59 0 8 2 3 12 112 
15
% 

 7% 18% 53% 0% 7% 2% 3% 11%   

Total 36 124 317 28 58 8 100 74 
745

* 100 
% 5% 17% 43% 4% 8% 1% 13% 10% 100  

* no answer or missing cases = 320 
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Table 18 Main material supporting floors and house damage (see footnote 6) 

  
  

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

House 
damage 

Treated 
pine 

Other 
timbers 

Concrete 
stumps, 

etc. 

Steel 
posts 

Brick 
piers, 
walls 

Other Slab on 
ground 

Unknown Totals 

          
 14 20 43 4 15 1 41 24  
Untouched 8.6% 12.3% 26.5% 2.5% 9.3% 0.6% 25.3% 14.8% 162 
 38.9% 16.1% 13.6% 14.3% 25.9% 12.5% 41.0% 32.4% 21.7% 
 1.9% 2.7% 5.8% 0.5% 2.0% 0.1% 5.5% 3.2%  
          
 11 20 36 5 15 0 18 6  
Damaged 9.9% 18.0% 32.4% 4.5% 13.5% 0.0% 16.2% 5.4% 111 
 30.6% 16.1% 11.4% 17.9% 25.9% 0.0% 18.0% 8.1% 14.9% 
 1.5% 2.7% 4.8% 0.7% 2.0% 0.0% 2.4% 0.8%  
          
 11 84 238 19 28 7 41 44  
Destroyed 2.3% 17.8% 50.4% 4.0% 5.9% 1.5% 8.7% 9.3% 472 
 30.6% 67.7% 75.1% 67.9% 48.3% 87.5% 41.0% 59.5% 63.4% 
 1.5% 11.3% 31.9% 2.6% 3.8% 0.9% 5.5% 5.9%  
          
Totals 36 124 317 28 58 8 100 74 745 
 4.8% 16.6% 42.6% 3.8% 7.8% 1.1% 13.4% 9.9% 100.0% 
 
Chi-Square = 80.87 Valid cases = 745  
Caution: 3 cells (13%) E < 5 Missing cases = 320  
Probability (df = 14) = 0.000 Response rate = 70.0% 
 

7.3.3 External wall material 

The predominant external wall material of the surveyed houses is brick (37 %; see Table 
19). Other cladding materials and their respective proportions are cellulose cement (18%) 
and timber (18%); half of the timber-clad houses are smooth weatherboard (painted) and 
a quarter of them are rough-sawn weatherboard. Table 20 shows a cross-tabulation of 
the house damage and the main construction material. It appears that the brick structures 
(43.8% destroyed) performed significantly better than other classes such as cellulose 
cement, timber and mud brick. The worst performer was cellulose cement (75.1% 
destroyed), indicating either higher vulnerability or poor building integrity associated with 
this cladding type, or the associated light construction approach for these dwellings. Mud 
brick (65.2% destroyed) has not performed similarly to brick; it is also a heavy non-
combustible wall material, and its poor performance may be due to the other structural 
design details associated with mud brick constructions. 
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Table 19 Predominant external wall material (expressed as numbers of houses and percentage per row) 

% Row Timber 
Cellulose 
cement 

Brick (not 
mud 
brick) 

Mud 
brick 

Aluminium 
siding 

PVC 
siding Other Unknown Total 

% 
Total 

Bunyip 2 3 7 0 0 0 1 1 14 1% 
 14% 21% 50% 0% 0% 0% 7% 7%   
Churchill 7 26 56 3 4 0 10 15 121 13% 
 6% 21% 46% 2% 3% 0% 8% 12%   
Kilmore 
East 112 100 227 58 2 1 63 51 614 65% 
 18% 16% 37% 9% 0% ≈0% 10% 8%   
Maiden  1 8 16 4 0 1 1 21 52 6% 
Gully 2% 15% 31% 8% 0% 2% 2% 40%   
Murrindindi 44 32 43 4 0 1 7 13 144 15% 
 31% 22% 30% 3% 0% 1% 5% 9%   
Total 166 169 349 69 6 3 82 101 945* 100 
% 18% 18% 37% 7% 1% 0% 9% 11% 100  

* no answer or missing cases = 120 

 

Table 20 Predominant wall material and house damage (see footnote 6) 

  
  

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

House 
damage 

Timber Cellulose 
cement 

Brick (not 
mudbrick) 

Mud 
brick 

Aluminium 
siding 

PVC 
siding 

Other Unknown Totals 

          
 25 24 114 9 2 0 19 10  
Untouched 12.3% 11.8% 56.2% 4.4% 1.0% 0.0% 9.4% 4.9% 203 
 15.1% 14.2% 32.7% 13.0% 33.3% 0.0% 23.2% 9.9% 21.5% 
 2.6% 2.5% 12.1% 1.0% 0.2% 0.0% 2.0% 1.1%  
          
 33 18 82 15 0 1 13 4  
Damaged 19.9% 10.8% 49.4% 9.0% 0.0% 0.6% 7.8% 2.4% 166 
 19.9% 10.7% 23.5% 21.7% 0.0% 33.3% 15.9% 4.0% 17.6% 
 3.5% 1.9% 8.7% 1.6% 0.0% 0.1% 1.4% 0.4%  
          
 108 127 153 45 4 2 50 87  
Destroyed 18.8% 22.0% 26.6% 7.8% 0.7% 0.3% 8.7% 15.1% 576 
 65.1% 75.1% 43.8% 65.2% 66.7% 66.7% 61.0% 86.1% 61.0% 
 11.4% 13.4% 16.2% 4.8% 0.4% 0.2% 5.3% 9.2%  
          
Totals 166 169 349 69 6 3 82 101 945 
 17.6% 17.9% 36.9% 7.3% 0.6% 0.3% 8.7% 10.7% 100.0% 
 
Chi-Square = 96.03 Valid cases = 945  
Caution: 6 cells (25%) E < 5 Missing cases = 120  
Probability (df = 14) = 0.000 Response rate = 88.7% 
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7.3.4 Roof  

Two types of roof profile are dominant in the survey dataset: a simple roof with one ridge 
and no valleys (40%), and complex ridge (27%) (see Table 21). The presence of complex 
ridges means that valleys exist. These valleys are areas where accumulation of embers 
and windborne debris can occur and will increase the likelihood of roof ignition during 
ember attack. However, there appears to be no statistical significance when correlating 
house loss to the degree of roof complexity.  

The predominant roof material is corrugated iron (75%) and metal deck (metal roof profile 
other than the wave-profile corrugated iron) (10%) (see Table 22). Table 23 indicates that 
there is no statistical significance between house loss and roof material type.  

Table 21 Roof profile and house damage (expressed as number of houses and percentage per row) 

Row 

One slope, 

no ridge 

or valley 

One 

ridge, 

no 

valley 

One 

valley, 

no ridge 
Complex 

ridge Other Unknown Total 

% 

Total 
Bunyip 0 7 0 7 0 0 14 1% 
  0% 50% 0% 50% 0% 0%     
Churchill 10 44 1 47 3 29 134 13% 
  7% 33% 1% 35% 2% 22%     
Kilmore 63 284 1 168 16 116 648 65% 
East 9% 44% 0% 26% 2% 18%     
Maiden 3 15 1 13 0 24 56 6% 
Gully 6% 27% 2% 23% 0% 43%     
Murrindindi 10 45 2 37 3 49 146 15% 
  7% 31% 1% 25% 2% 34%     
Total 86 395 5 272 22 218 998* 100 
% 9% 40% 1% 27% 2% 22% 100   

* 67 missing or no answer  

Table 22 Predominant roof material (expressed as number of house and percentage per row) 

% Row 
Metal 
deck 

Corrugated 
iron 

Corrugated 
cement 
sheet 

Tiles 
(terracotta, 
concrete) 

Metal 
pseudo 
tiles Other Unknown Total 

% 
Total 

Bunyip 0 13 0 1 0 0 0 14 1% 
 0% 93% 0% 7% 0% 0% 0%   
Churchill 13 98 0 14 4 2 4 135 14% 
 10% 73% 0% 10% 3% 1% 3%   
Kilmore  72 496 3 55 2 13 9 650 65% 
East 11% 76% 0% 8% 0% 2% 1%   
Maiden  1 32 0 6 1 0 15 55 6% 
 2% 58% 0% 11% 2% 0% 27%   
Murrindindi 14 109 0 12 0 3 8 146 15% 
Valley 10% 75% 0% 8% 0% 2% 5%   
Total 100 748 3 88 7 18 36 1000* 100 
% 10% 75% 0% 9% 1% 2% 4% 100  
* 65 missing or no answer 

Table 23 Predominant roof material and house damage across all fires (see footnote 6) 
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House 
damage 

Metal deck Corrugated 
iron 

Corrugated 
cement 
sheet 

Tiles 
(terracotta 
concrete) 

Metal 
pseudo 

tiles 

Other Unknow
n 

Totals 

         
 29 156 0 28 0 4 8  
Untouched 12.9% 69.3% 0.0% 12.4% 0.0% 1.8% 3.6% 225 
 29.0% 20.9% 0.0% 31.8% 0.0% 22.2% 22.2% 22.5% 
 2.9% 15.6% 0.0% 2.8% 0.0% 0.4% 0.8%  
         
 18 127 0 19 2 4 3  
Damaged 10.4% 73.4% 0.0% 11.0% 1.2% 2.3% 1.7% 173 
 18.0% 17.0% 0.0% 21.6% 28.6% 22.2% 8.3% 17.3% 
 1.8% 12.7% 0.0% 1.9% 0.2% 0.4% 0.3%  
         
 53 465 3 41 5 10 25  
Destroyed 8.8% 77.2% 0.5% 6.8% 0.8% 1.7% 4.2% 602 
 53.0% 62.2% 100.0% 46.6% 71.4% 55.6% 69.4% 60.2% 
 5.3% 46.5% 0.3% 4.1% 0.5% 1.0% 2.5%  
         
Totals 100 748 3 88 7 18 36 1000 
 10.0% 74.8% 0.3% 8.8% 0.7% 1.8% 3.6% 100.0% 
 
Chi-Square = 17.95 Valid cases = 1000  
Caution: 8 cells (38%) E < 5 Missing cases = 65  
Probability (df = 12) = 0.117 Response rate = 93.9% 
 

7.3.5 Window  

Where possible, the survey recorded the location of windows for each house, as well as 
their different material types. For this report, preliminary information has been used from 
657 houses (additional window details from other houses will be provided with further 
data analysis). The information on window glass type has been aggregated per house 
taking into account the most vulnerable type of glass present if different types of glass 
were recorded (plain is considered as the most vulnerable glass type). As shown in Table 
24, the large majority of houses have plain glass (67%). The low number of houses that 
were identified as having all toughened or laminated glass make it unsuitable to compare 
their relative contribution to house survival compared with plain glass. 

Information on window frame material, type of protection of window, protection material 
and presence of shutters and how these may affect house damage needs further 
processing and will be presented in the second phase of the research. 
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Table 24 Type of glass (expressed as numbers of houses and percentage per row) 

% Row Toughened Laminated Plain Other Unknown Total 
% 
Total 

Bunyip 0 0 9 0 0 9 1% 
 0% 0% 100% 0% 0%   
Churchill 5 1 56 1 19 82 14% 
 5% 1% 62% 1% 21%   
Kilmore East 12 11 291 12 85 411 66% 
 3% 3% 67% 3% 20%   
Maiden 
Gully 2 0 10 1 4 17 3% 
 12% 0% 59% 6% 24%   
Murrindindi 2 0 76 2 23 103 16% 
 2% 0% 72% 2% 22%   
Total 21 12 442 16 131 622* 100 
% 3% 2% 71% 3% 21% 100  

* No answer or missing case or window elements not considered for 443 houses 

Table 25 Type of glass and degree of damage to the house (expressed as number of houses and percentage 
per column and percentage per row) 

% Column 
% Row Toughened Laminated Plain Other  Unknown Total 

% 
Total 

Untouched 6 6 130 3 19 164 27% 
 29% 50% 30% 19% 15%   
 3% 3% 73% 2% 11%   
Damaged 8 3 119 7 8 145 23% 
 38% 25% 27% 44% 6%   
 5% 2% 80% 5% 5%   
Destroyed 7 3 188 6 101 305 50% 
 33% 25% 43% 38% 79%   
 2% 1% 58% 2% 31%   
Total 21 12 437 16 128 614 100 
% 3% 2% 71% 3% 21% 100  

* 451 missing or no answer  

 

7.3.6 Deck and veranda 

Different types of attachments have been recorded on some of the houses surveyed 
(such as deck, stairs). Some houses have more than one attachment, and some have no 
attachments recorded (these mainly relate to the destroyed houses). Of those with 
attachments, 75% are decks (and 45% of those decks have a roof covering), 5% are 
stairs, and 20% other attachments have been specified in the comment field, such as 
veranda (around 30%) (see Table 26). Of the deck attachments, 87% have been 
identified as combustible. Across the fires, the decking material varies as follow: 5% are 
tongue board, 18% gapped board treated pine, and 17% gapped board other timber (see 
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Table 27). Of the deck attachments, 46 % are undamaged and 35% are completely burnt 
(see Table 28). 

Cross tabulation of the presence of combustible decking and house loss could be 
undertaken as future work. 

Table 26 Type of attachment (expressed as number of attachments and percentage per row) 

% Row Deck Stairs Other Total 
% 
Total 

Bunyip 1 0 0 1 0% 
 100% 0% 0%   
Churchill 130 3 25 158 22% 
 82% 2% 16%   
Kilmore 
East 332 26 85 443 62% 
 75% 6% 19%   
Maiden 
Valley 16 1 3 20 3% 
 80% 5% 15%   
Murrindindi 57 9 31 97 13% 
 59% 9% 32%   
Total 536 39 144 719 100 
% 75% 5% 20% 100 . 

 

 

 
Figure 25 Example of deck ignition, spread and suppression  
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Table 27 Principal decking material (expressed as numbers of decks and percentage per row) 

% Row 

Tongue 
and 
groove 
boards 

Gapped 
boards – 
treated 
pine 

Gapped 
boards 
– other 
timber 

Gapped 
boards – 
timber 
unknown Other Unknown Total 

% 
Total 

Bunyip 0 0 1 0 0 0 1 ~0% 
 0% 0% 100% 0% 0% 0%   
Churchill 5 32 3 29 33 20 122 22% 
 4% 26% 2% 24% 27% 16%   
Kilmore 
East 11 51 78 55 84 69 348 64% 
 3% 15% 22% 16% 24% 20%   
Maiden 
Valley 3 3 0 1 8 3 18 3% 
 17% 17% 0% 6% 44% 17%   
Murrindindi 7 14 11 4 2 20 58 11% 
 12% 24% 19% 7% 3% 34%   
Total 26 100 93 89 127 112 547 100 
% 5% 18% 17% 16% 23% 20% 100 . 

 

Table 28 Degree of damage of deck (expressed as numbers of decks and percentage per row) 

% Row Undamaged 

Some 
isolated 
scorching 

Partially 
burnt 

Mostly 
burnt Other Total 

% 
Total 

Bunyip 0 1 0 0 0 1 ~0% 
 0% 100% 0% 0% 0%   
Churchill 34 2 0 13 15 64 17% 
 53% 3% 0% 20% 23%   
Kilmore 
East 124 14 15 86 4 243 66% 
 51% 6% 6% 35% 2%   
Maiden 
Valley 3 0 0 0 0 3 1% 
 100% 0% 0% 0% 0%   
Murrindindi 10 13 4 29 1 57 15% 
 18% 23% 7% 51% 2%   
Total 171 30 19 128 20 368* 100 
% 46% 8% 5% 35% 5% 100 . 

* 179 missing or no answer  

7.4 Damage to outbuildings (type and material) 

In total, 1740 outbuildings have been surveyed. Of these outbuildings, the closest to the 
house (with outbuilding information recorded) have been extracted, which represents a 
total of 795 outbuildings. The closest outbuildings are likely to cause the greatest risk of 
impact on the house compared with more distant outbuildings. The closest outbuildings 
are located at an average distance of 22 m from the house (0.3 m is the minimum 
distance and 155 m the furthest distance). Of these outbuildings, 44% are sheds, 22% 
are garages and 16% are carports (see Table 29). The predominant material used for the 
outbuildings is iron (54%; see Table 30). 
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The outbuildings had a greater likelihood of destruction in the Murrindindi and Maiden 
Gully fire, with respectively 69% destroyed and 65% destroyed compared with 55% in 
Kilmore fire (Table 31). With a destroyed house percentage of 58% over all fires, it 
appears that sheds have a slightly higher likelihood of loss compared with houses. Table 
31 shows a breakdown of degree of damage of outbuildings for each fire. As outbuildings 
are rarely designed to resist bushfire, it may be possible to use them as an indicator of 
fire exposure intensity. If this were the case, then the results indicate that the Bunyip fire 
was the least severe, followed by Churchill, with the Murrindindi fire representing the 
most severe structural exposure. 

Table 29 Function of outbuilding  

% Row Garage Carport 
Laundry, 
toilet 

Storage shed, 
garden shed, 
workshop 

Barn, dairy, 
chook-shed, 
other Other Total 

% 
Total 

Bunyip 2 2 0 4 3 3 14 2% 
 14% 14% 0% 29% 21% 21%   
Churchill 39 26 3 37 6 12 123 15% 
 32% 21% 2% 30% 5% 10%   
Kilmore  106 73 7 251 24 58 519 65% 
East 20% 14% 1% 48% 5% 11%   
Maiden  7 5 0 16 0 6 34 4% 
Gully 21% 15% 0% 47% 0% 18%   
Murrindindi 22 25 3 45 2 8 105 13% 
 21% 24% 3% 43% 2% 8%   
Total 176 131 13 353 35 87 795 100 
% 22% 16% 2% 44% 4% 11% 100 . 

 

Table 30 Outbuilding type of material 

% Row Timber 
Iron, 
steel 

 
Aluminium 

Cement 
fibre Brick Other 

Not 
applicable Unknown Total 

% 
Total 

Bunyip 3 4 4 0 0 1 1 1 14 2% 

 21% 29% 29% 0% 0% 7% 7% 7%   

Churchill 12 72 3 6 11 3 7 5 119 15% 

 10% 61% 3% 5% 9% 3% 6% 4%   

Kilmore  41 296 36 17 20 34 48 18 510 65% 

East 8% 58% 7% 3% 4% 7% 9% 4%   

Maiden  3 14 2 1 4 0 3 8 35 4% 

Gully 9% 40% 6% 3% 11% 0% 9% 23%   

Murrindindi 21 34 6 6 6 6 14 12 105 13% 

 20% 32% 6% 6% 6% 6% 13% 11%   

Total 80 420 51 30 41 44 73 44 783 100 

% 10% 54% 7% 4% 5% 6% 9% 6% 100  
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Table 31 Degree of damage of the outbuilding 

% Row Untouched Superficial 
Light 
damage 

Medium 
damage 

Heavy 
damage Destroyed Other Unknown Total 

% 
Total 

Bunyip 7 2 0 0 0 5 0 0 14 2% 

 50% 14% 0% 0% 0% 36% 0% 0%   

Churchill 35 10 5 4 5 63 0 1 123 15% 

 28% 8% 4% 3% 4% 51% 0% 1%   
Kilmore 
East 

94 
18% 

45 
9% 

23 
4% 

19 
4% 

50 
10% 

287 
55% 

1 
0% 

0 
0% 519 65% 

Maiden  5 1 0 2 4 22 0 0 34 4% 

Gully 15% 3% 0% 6% 12% 65% 0% 0%   

Murrindindi 11 8 5 2 7 72 0 0 105 13% 

 10% 8% 5% 2% 7% 69% 0% 0%   

Total 152 66 33 27 66 449 1 1 795 100 

% 19% 8% 4% 3% 8% 56% 0% 0% 100  

7.5 Vegetation around the house 
 
A key question was asked in the survey with regard to overhanging trees (Q12 of 
structure survey – see appendix B). This question provides an indication of the proximity 
of vegetation to the house. The answer to this question suggests that overhanging trees 
are common in all regions but comparatively less prevalent in Churchill.  

Table 32 Overhanging foliage in proximity to houses from Q12 of structure survey (expressed as numbers of 
houses and percentage per row) 

% Row 

Many 
overhanging 
trees 

Some 
overhanging 
trees 

Trees 
against 
house 

Bushes 
against 
house 

Trees 
and/or 
bushes 
against 
house 

No 
predominant 
vegetation 
adjacent to 
house Unknown Total 

% 
Total 

Bunyip 0 6 0 1 1 6 0 14 2% 
 0% 43% 0% 7% 7% 43% 0%   
Churchill 9 11 2 7 2 27 1 59 8% 
 15% 19% 3% 12% 3% 46% 2%   
Kilmore  50 176 24 69 39 140 10 508 67% 
East 10% 35% 5% 14% 8% 28% 2%   
Maiden  0 9 0 2 0 9 8 28 4% 
Gully 0% 32% 0% 7% 0% 32% 29%   
Murrindindi 14 45 15 22 36 15 0 147 19% 
 10% 31% 10% 15% 24% 10% 0%   
Total 73 247 41 101 78 197 19 756* 100 
% 10% 33% 5% 13% 10% 26% 3% 100  

* 309 missing or no answer  
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There is a strong correlation between the observation of overhanging trees and house 
loss (see Table 33). Both trees overhanging and/or against the house correlated with 
house destruction, suggesting that these are a significant risk indicator or exposure 
element. Another possible factor may be the way overhanging trees contribute to the 
deposition of fine debris on, around and under the house. Further analysis of the field 
survey and the remote sensing dataset will further qualify these observations. 

Table 33 Overhanging tree and house damage (see footnote 6) 

  
Number 
Row% 
Col% 
Total% 

Many 
overhanging 

trees 

Some 
overhanging 
trees 

Trees 
against 
house 

Bushes 
against 
house 

Trees and/or 
bushes against 

house 

No 
predominant 
vegetation 
adjacent to 
house 

Unknown Totals 

         
 2 41 3 23 12 62 1  
Untouched 1.4% 28.5% 2.1% 16.0% 8.3% 43.1% 0.7% 144 
 2.7% 16.6% 7.3% 22.8% 15.4% 31.5% 5.3% 19.0% 
 0.3% 5.4% 0.4% 3.0% 1.6% 8.2% 0.1%  
         
 5 47 4 28 12 40 0  
Damaged 3.7% 34.6% 2.9% 20.6% 8.8% 29.4% 0.0% 136 
 6.8% 19.0% 9.8% 27.7% 15.4% 20.3% 0.0% 18.0% 
 0.7% 6.2% 0.5% 3.7% 1.6% 5.3% 0.0%  
         
 66 159 34 50 54 95 18  
Destroyed 13.9% 33.4% 7.1% 10.5% 11.3% 20.0% 3.8% 476 
 90.4% 64.4% 82.9% 49.5% 69.2% 48.2% 94.7% 63.0% 
 8.7% 21.0% 4.5% 6.6% 7.1% 12.6% 2.4%  
         
Totals 73 247 41 101 78 197 19 756 
 9.7% 32.7% 5.4% 13.4% 10.3% 26.1% 2.5% 100.0

% 
 
Chi-Square = 74.07 Valid cases = 756  
Caution: 2 cells (10%) E < 5 Missing cases = 309  
Probability (df = 12) = 0.000 Response rate = 71.0% 
 

Another question has the objective to evaluate the presence of elevated fuel linking the 
house to wider vegetation (with regard to 0.5 to 3-m-high vegetation linking the house to 
wider vegetation within 50 m; see Table 34). Although the sample collected is too small to 
be effectively compared with house damage, the answers do indicate that there is a 
relatively high proportion of observed elevated fuels in the Murrindindi fire compared with 
Kilmore East and Bunyip. These results are based on a small sample and should be 
considered with caution. 
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Table 34 Indication of elevated fuels 0.5 to 3-m high linking the house to wider vegetation within 50 m of the 
property boundary (question Q27 of the structure survey) 

% Row 
Elevated 
fuel present 

Elevated 
fuel not 
present 

Unknown/Vegetation 
Burnt Total 

% 
Total 

Bunyip 5 9 0 14 7% 
 36% 64% 0%   
Kilmore East 49 38 14 101 54% 
 49% 38% 14%   
Murrindindi 55 12 5 72 39% 
 76% 17% 7%   
Total 109 59 19 187 100 
% 58% 32% 10% 100  

 

To better understand the role of combustible ground cover such as grassland, a question 
was asked (for cases where grasslands were present) to evaluate whether these 
grassland fuels were adjacent to the structure or not (see Table 35). The destroyed 
category has the highest proportion of houses with adjacent combustible ground cover, 
the damaged category having a slightly lower proportion of houses with adjacent ground 
cover and the untouched category having the lowest proportion. Although these 
proportional differences are small, further analysis may highlight the relevance of this 
effect by removing other forms of loss influence from the sample dataset. 

Table 35 Comparison of house condition and combustible ground cover adjacent to structure 

% Column 
% Row 

Combustible 
cover adjacent 
to the house 

Combustible 
cover not 
adjacent to the 
house Total 

% 
Total 

Untouched 63 14 77 21% 
 20% 30%   
 82% 18%   
Damaged 58 10 68 19% 
 18% 21%   
 85% 15%   
Destroyed 196 23 219 60% 
 62% 49%   
 89% 11%   
Total 317 47 364 100% 
% 87% 13% 100%  
 

Certain types of vegetation are particularly susceptible to fire. For example, cypress trees 
produce large quantities of fine dead material, which becomes very dry at times of high 
fire danger, and the intensity at which they burn may adversely impact structures in the 
vicinity. This was noted in the Canberra 2003 and Eyre Peninsula 2005 fires (Leonard & 
Blanchi 2005, 2006). Figure 26 shows an example of this from the Victorian fires. 
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Figure 26 Example of vegetation heavily burnt close to structure (Pine Ridge Road, Kinglake) 

In addition, some comments were made by occupants that highlight the role of grassland. 
Some examples are listed below: 

“It was leap-frogging all the way down the paddock. It wasn’t sort of just – and 
whether that was a series of embers all coming at once” 

“Well, the grass had been mowed two days before. So it was basically just burning 
organic matter and it was moving so fast that it was just – I mean if it had stood still, 
it would have gone out because there was no fuel to sustain it. But because it was 
travelling so fast, there was always something there just to sustain it long enough to 
get to the next bit of grass. It hit that fence and the fence just exploded” 

“In this paddock it was just, I don’t know, probably a foot high but around the house 
it was probably about two inches high, you know, and so you'd think you are safe, 
like you’ve not many trees and what not, but the way it come through, it didn't 
matter what’s in its way” 

“We weren’t hit with a big front of all the trees, but we were hit with more of a grass 
front” 
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7.6 Protection measures – Water supply 

The water supply was one of the key protection measures studied in detail in this report. 
Other prevention measures could be analysed in future phases of this research. 

Evidence was found of water defence in 33% of the surveyed properties (see Table 36). 
The table also indicates that the houses studied in the Churchill fire had the highest 
percentage of evidence of defence using water (48%), while Murrindindi had the lowest 
(28%), which may be an indicator of the level of human activity in these regions. Further 
analysis may reveal the relevance of this correlation. There is a strong correlation 
between house destruction and the lack of active water defence (78%; see Table 37), 
thus confirming the influence of human defence in these circumstances. Past bushfire 
studies also confirm a strong correlation between active human defence and house 
survival (Ramsey 1994, Blanchi & Leonard 2008). 

Table 36 Evidence of defence using water (expressed as numbers of houses and percentage per row) 

% Row 
Evidence of 
using water 

No evidence of 
using water Total 

% 
Total 

Bunyip 6 8 14 2% 
 43% 57%   
Churchill 28 30 58 8% 
 48% 52%   
Kilmore East 164 334 498 67% 
 33% 67%   
Maiden Valley 10 18 28 4% 
 36% 64%   
Murrindindi 40 105 145 20% 
 28% 72%   
Total 248 495 743* 100 
% 33% 67% 100  

*322 missing or  no answer 
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Table 37 Relationship between evidence of defence using water and house damage (see footnote 6) 
 
 Evidence of using 

water 
No evidence of 

using water 
Totals 

House damage    

    
 81 61  
Untouched 57.0% 43.0% 142 
 32.7% 12.3% 19.1% 
 10.9% 8.2%  
    
 85 49  
Damaged 63.4% 36.6% 134 
 34.3% 9.9% 18.0% 
 11.4% 6.6%  
    
 82 385  
Destroyed 17.6% 82.4% 467 
 33.1% 77.8% 62.9% 
 11.0% 51.8%  
    
Totals 248 495 743 
 33.4% 66.6% 100.0% 
 
Chi-Square = 142.75 Valid cases = 743  
Degrees of Freedom = 2  Missing cases = 322  
Probability of Chance = 0.000 Response rate = 69.8% 
 

7.6.1 Type of water supply 

A concurrent question was asked regarding the type of water provision used for defence 
only if active defence was indicated in the previous question (see  

 

 

 

 

 

Table 38). The table highlights certain areas, such as Kilmore East, as having few houses 
with mains supply, where the dominant type of water supply is via pump and secondary 
water supply. It is interesting to note that main water supply systems often lost pressure 
or stopped during these fire events. There were also many accounts of pump-related 
failures (see Section 7.6.3). Although the sample is very small, there were a higher 
proportion of surviving houses where the water supply was sourced on the property and 
gravity-fed (see Table 39), suggesting that this is the most reliable water supply 
configuration for structural defence.  
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Table 38 Water provision (expressed as number of houses and percentage per row) 

% Row 
Mains 
only 

Pump and 
secondary 
water 
source 

Secondary 
water 
source – 
gravity-fed Total 

% 
Total 

Bunyip 0 6 0 6 2% 
 0% 100% 0%   
Churchill 1 27 0 28 11% 
 4% 96% 0%   
Kilmore East 9 139 15 163 67% 
 6% 85% 9%   
Maiden Valley 8 1 0 9 4% 
 89% 11% 0%   
Murrindindi 24 13 2 39 16% 
 62% 33% 5%   
Total 42 186 17 245 100 
% 17% 76% 7% 100  

 

Table 39 Water provision and house damage (see footnote 6) 

  
 Mains only Pump and 

secondary 
water 

source 

Secondary 
water 

source – 
gravity-fed 

Totals 

     
 8 69 5  
 9.8% 84.1% 6.1% 82 
Untouched 19.0% 37.1% 29.4% 33.5% 
 3.3% 28.2% 2.0%  
     
 16 58 9  
 19.3% 69.9% 10.8% 83 
Damaged 38.1% 31.2% 52.9% 33.9% 
 6.5% 23.7% 3.7%  
     
 18 59 3  
 22.5% 73.8% 3.8% 80 
Destroyed 42.9% 31.7% 17.6% 32.7% 
 7.3% 24.1% 1.2%  
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 42 186 17 245 
Totals 17.1% 75.9% 6.9% 100.0% 
     
 
Chi-Square = 8.43                                                   Valid cases = 245  
Degrees of Freedom = 4                                         Missing cases = 820  
Probability of Chance =0.077                                  Response rate = 23. .0% 
 

7.6.2 Water storage (material degree of damage) 

In all survey areas, the water supply was predominantly identified as water tanks (81%), 
dam or similar water-body (12%), swimming pool (12%) and hydrant (5%). These water 
supplies appear to have been actively used to protect structures in 30% of the cases; in 
40% of the cases, water was not utilised and 30% of cases were unknown. Concrete, 
polyethylene and steel were the dominant tank material types.  

Table 40 indicates that in 20% of all cases, tanks were either ruptured (6%) or were 
identified as mostly burnt (14%) during the fire event. It can be assumed that in these 
cases, they would then no longer be an effective water source. 

Fibreglass tanks were not common but out of the 14 tanks identified in the survey, over 
half were identified as failing. For polyethylene tanks, 37% failed (see Figure 27), steel 
tanks failed in 16% of cases, and concrete tanks failed in 5% of cases. The tanks 
appeared to all be above ground and hence would tend to have similar exposure to 
bushfire and structural effects. Further analysis of the data will clarify the degree of 
functionality tanks had when partially or mostly burnt, as these categories of condition 
may vary depending on tank material type. 

Table 40 Tank material and degree of damage of the tank 

Number 
% Column Concrete Fibreglass Polyethylene Steel Other 

Total 
% 

% Row       
Undamaged 179 2 136 82 2 401 
 50% 14% 37% 31% 25% 40% 
 45% 0% 34% 20% 0%  
Some isolated 
scorching 106 1 37 90 2 236 
 30% 7% 10% 34% 25% 24% 
 45% 0% 16% 38% 1%  
Partially burnt 44 1 40 32 2 119 
 12% 7% 11% 12% 25% 12% 
 37% 1% 34% 27% 2%  
Mostly burnt 9 7 99 23 2 140 
 3% 50% 27% 9% 25% 14% 
 6% 5% 71% 16% 1%  
Ruptured 9 2 35 18 0 64 
 3% 14% 10% 7% 0% 6% 
 14% 3% 55% 28% 0%  
Other 10 1 16 17 0 44 
 3% 7% 4% 6% 0% 4% 
 23% 2% 36% 39% 0%  
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Total 357 14 363 262 8 1004 
% 36% 1% 36% 26% 1% 100% 
       

 
 

 
Figure 27 Example of polyethylene tank damage 

7.6.3 Evidence of water supply failure (i.e. pump and pipe) 

There is evidence from human accounts of water supply failure due to pump or pipe 
failure; this failure may have contributed to the house loss, but not in every case. This 
varies according to the intensity of the fire at the house (from bush or surrounding 
elements) and to the ignition of different elements on the house due to embers (ignition in 
the roof, as described previously, is difficult to extinguish with little or no water or reduced 
water pressure). 

These preliminary qualitative results were extracted from a sample of 20 interviews from 
people who stayed to defend their house. This analysis will be conducted on all 
interviews for the second phase of the project. 

The following cases have been described by residents: 

Loss of electric pump with electricity failure 

“But the pumps were gone and the electricity was out and the new petrol pumps 
were both gone” 
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“Lost electric pump from electricity failure” 

The fire pumps were not protected and caught fire (seven occupants have described 
the failure of pumps – three described success with pumps protected) 

“There must have been a couple of leaves that caught fire. And the pump shed 

caught fire. Went in the pipe, which’s burst off. Took the pipe out. So, I actually – I 
thought this is too serious, I'm not going to hang around” 

“As I said, the last sprinkler system I did was for me father-in-law… And it worked. 

Because the fire pump, once again, was under the sprinklers” 

“And then our pump, when the fire came, all the hoses burned. And the pump 

burned” 

“Petrol fire-fighting pump… too far away and next to a structure, so it all burnt” 

“And we looked down and saw the generator on fire. Put out spot fire with Pepsi” 

Petrol in pump vaporised 

“Fire pump vaporised. We were down to buckets” 

“Lost fire pump because petrol vaporised” 

Pump is too far away and the occupant does not have the time to start it 

“Did not have the time to start the pump or open gravity-fed tank (too far and fire 
came too fast).” 

Evidence of pipe or fittings melting 

“Pipe from creek failed” 

“We couldn’t use the tap on the outside because that was burnt off” 

The loss of pressure from mains  

“I thought we would have water. Because our town supply is not fed by a pump, it’s 
gravity feed from the dam up on the hill. And I thought, well, if the power goes out, 
we've always got water. So therefore if the power gets knocked out and we’ve got 
fire, we will have water. What I didn’t understand was that, as each house 

disappears, the water’s running free… The pipes burst… The pressure’s gone” 

(Marysville occupant) 

“We had hoses on every tap… but the water went off at any rate” 
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Figure 28 Example of damaged pump 

7.6.4 Sprinkler system 

Sprinkler systems were identified on 82 houses of the 1065 houses surveyed Table 41 
identifies 60 spray systems in the Kilmore East survey area, 12 in the Churchill area and 
7 in Murrindindi. The percentage of houses destroyed with spray systems fitted is 37%, 
compared with 58% of the total sample of houses lost. However, these results should be 
used with caution as the number of spray systems that were effectively activated are not 
identified in these statistics. This should also be put in perspective with the exposure 
received at the house and the other preparation measures set up by the occupant, which 
could be the subject of future analysis. 

Only one sprinkler identified in the survey was internal (in a commercial building 
destroyed in Marysville), and all other sprinklers were external. Most of the sprinklers 
were directed both away from the house and on the house. The most common sprinkler 
types were choppers, and the second most common were the spraying type (see 

Table 43).  
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Table 41 Number of houses with sprinklers per fire region 

Fire region 

Number of 
houses with 

sprinkler % 
Bunyip 2 2% 
Churchill 12 15% 
Kilmore East 60 73% 
Maiden Valley 1 1% 
Murrindindi 7 9% 
Total  82 100 

 

Table 42 level of damage for those houses with sprinklers  

House status 

Number of 
houses with 

sprinkler % 
Untouched 30 37% 
Damaged 30 37% 
Destroyed 22 27% 
Total 82 100% 

 

Table 43 Type of sprinklers identified for each of the houses surveyed 

Type of sprinkler  
No answer  9  
Chopper 31 42% 
Misting 2 3% 
Spraying 25 34% 
Chopper and spraying 5 7% 
Other 3 4% 
Unknown 6 8% 
Misting and chopper 1 1% 
Total  73 100 

 

Table 44 Main direction of sprinklers 

Direction of sprinkler  
No answer 11  
Towards house 11 15% 
Away from house 10 14% 
Both 41 58% 
Unknown 9 13% 
Total  71 100 
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7.7 Accessibility 

The survey included a question on fire vehicle access to the property. The most common 
path was via a perimeter road (78%), followed by battleaxe lot (9%; see Table 45). 
Kilmore East appeared to have the highest prevalence of access via fire trails, although 
only 5% of all access was via this path. There appears to be no correlation between the 
house accessibility and the likelihood of house damage based on the data provided (see 
Table 46). 

Table 45 Most appropriate access for fire vehicles 

% Row 
Perimeter 
road 

Perimeter 
fire trail 

Perimeter 
fire break 

Battleaxe 
lot Other Unknown 

Total 
% 

Bunyip 5 0 0 8 0 0 13 
 38% 0% 0% 62% 0% 0% 2% 
Churchill 45 0 1 0 3 0 49 
 92% 0% 2% 0% 6% 0% 7% 
Kilmore East 364 26 2 52 71 2 517 
 70% 5% 0% 10% 14% ~0% 69% 
Maiden Gully 5 0 0 5 11 0 21 
 24% 0% 0% 24% 52% 0% 3% 
Murrindindi 135 3 1 5 2 0 146 
 92% 2% 1% 3% 1% 0% 20% 
Total 554 29 4 70 87 2 746 
% 74% 4% 1% 9% 12% ~0% 100 

 

Table 46 Most appropriate access for fire vehicles across all fire areas (see footnote 6) 
 Perimeter 

road 
Perimeter 
fire trial 

Perimeter 
fire break 

Battleaxe 
lot 

Other Unknown Totals 

        
 101 6 2 18 19 0  
Untouched 69.2% 4.1% 1.4% 12.3% 13.0% 0.0% 146 
 18.2% 20.7% 50.0% 25.7% 21.8% 0.0% 19.6% 
 13.5% 0.8% 0.3% 2.4% 2.5% 0.0%  
        
 103 6 0 17 10 0  
Damaged 75.7% 4.4% 0.0% 12.5% 7.4% 0.0% 136 
 18.6% 20.7% 0.0% 24.3% 11.5% 0.0% 18.2% 
 13.8% 0.8% 0.0% 2.3% 1.3% 0.0%  
        
 350 17 2 35 58 2  
Destroyed 75.4% 3.7% 0.4% 7.5% 12.5% 0.4% 464 
 63.2% 58.6% 50.0% 50.0% 66.7% 100.0% 62.2% 
 46.9% 2.3% 0.3% 4.7% 7.8% 0.3%  
        
Totals 554 29 4 70 87 2 746 
 74.3% 3.9% 0.5% 9.4% 11.7% 0.3% 100.0% 
 
Chi-Square = 11.85 Valid cases = 746  
Caution: 6 cells (33%) E < 5 Missing cases = 319  
Probability (df = 10) = 0.295 Response rate = 70.0% 
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7.8 Land-use planning 

7.8.1 Pattern of house loss 

At the time of compiling this report a definitive map of house loss was not available. A 
study of the patterns of house loss is best performed on a comprehensively large set of 
lost houses. The survey dataset collected here represents a small sample of the total 
houses lost. A study of house loss patterns could be pursued in future work. 

Aerial imagery was used to produce some maps of preliminary house status (including 
destroyed, minor damage, no damage and unclassified), which are shown in Appendices 
F, G, H, I, J. 

7.8.2 Density of urban area 

The density of urban development plays an important role in influencing the propagation 
of the fire within the region as well as influencing the potential for structures to be 
impacted by various fire mechanisms. In future work, the distance between structures 
could be compared with house loss, and a study of house loss patterns in urbanised 
areas compared with areas of lesser urbanisation could also be pursued.  

7.8.3 Wildfire Management Overlay (WMO) 

At the time of compiling this report, a definitive dataset on which structures were 
intentionally built to be compliant with WMO requirements. Using survey data analysis 
and remote sensing techniques, it is feasible to identify which houses are likely to be 
compliant and which are not. However, this was not possible within the time frame of 
compiling this report. 

A simple analysis of which surveyed structures were in a currently defined WMO was 
performed. Table 47 shows that 58% of all surveyed structures were not within a currently 
defined WMO. Churchill had the highest proportion (99%) of surveyed structures within 
the WMO, while Murrindindi had the lowest (15%). 

Table 48 indicates a small correlation in the likelihood of structures lost in an area that 
was not defined as a WMO. It also indicates that 59% of all surveyed structures that were 
either damaged or destroyed were not in a region that was subject to WMO requirements 
at the time of the fire.  

Analysis of the statistical correlation between WMO-compliant structures and house 
survival could be the subject of future analysis. 
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Table 47 Wildfire Management Overlays (WMO) per fire area 

% Row No WMO WMO present Total % 
Bunyip 10 4 14 
 71% 29% 1% 
Churchill 1 139 140 
 1% 99% 13% 
Kilmore East 436 269 705 
 62% 38% 66% 
Maiden Valley 38 18 56 
 68% 32% 5% 
Murrindindi 128 22 150 
 85% 15% 14% 
Total 613 452 1065 
% 58% 42% 100 

Table 48 Wildfire Management Overlays (WMO) and house damage (across all fires) 

% Column 
% Row No WMO WMO present Total % 
Untouched 144 121 265 
 23% 27% 25% 
 54% 46%  
Damaged 92 87 179 
 15% 19% 17% 
 51% 49%  
Destroyed 377 244 621 
 62% 54% 58% 
 61% 39%  
Total 613 452 1065 
% 58% 42% 100 

7.8.4 House loss as a function of distance from vegetation 

Building and planning regulations often identify a distance from continuous vegetation at 
which building or planning prevention measures are required (AS3959-2009). This is 100 
m in Victoria (see Section 4.2). Ahern and Chladil have studied the penetration of 
bushfires into urban areas from the Otways 1983 and Hobart 1967 fires (Ahern & Chladil 
1999). These studies revealed that the furthest distance from the forest a house was lost 
was 680 m in the Hobart fire, and 430 m in the Otways fire. This study showed that 70% 
of burnt houses were within 50 m from the vegetation boundary and 85% of houses were 
within 100 m from the vegetation boundary (Ahern & Chladil 1999). Following this 
analysis, Chen and McAneney assessed the penetration of bushfire in the Canberra 2003 
fire, and found a case of house loss at 670 m from vegetation (Chen & McAneney 2004). 

Preliminary analysis of the Marysville region indicates that approximately 40% of 
destroyed surveyed structures occurred within 10 m of continuous forest fuels. However, 
extensive loss of structures throughout Marysville suggests that the urban context that 
Marysville provided did not limit the extent of fire spread. The observation that houses in 
Marysville were up to 375 m from continuous vegetation is probably more a function of 
urban extent then a measure of the reach of fire effects. 
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7.9 Remote sensing results: spatial analysis on house distance 
to vegetation and vegetation covers  

Three regions were considered during this demonstration study, as detailed in section 
5.2; two broad-scale regions cover the areas in the West and East of the Murrindindi 
Shire, and the third is a subset of the West region at Pine Ridge Road, Kinglake West.  

7.9.1  Mean distance from house to forest (trees taller than 8 m) 

The proximity and density of fire fuel, in the form of forest vegetation, is an obvious factor 
influencing the destruction of residential and non-residential structures (Ramsay et al. 
1986). This is the basis of ‘defendable space’, as outlined in numerous fire agency 
publications. Despite the clear dangers posed by forest fuel, it may often be difficult to 
assess at what proximity and vegetation density this risk becomes unacceptable for a 
specific structure. 

The initial ignition of these structures can be caused by a number of factors including: 

 Direct flame contact 
 Direct exposure to radiant heat from burning forest fuel 
 Attack from burning forest fuel embers 
 Indirect ignition via other structures 

 

These multiple ignition mechanisms further complicate decisions regarding the degree of 
fuel removal required around a property. Empirical evidence regarding the relationship 
between vegetation proximity and the probability of structure loss is one approach to 
assist in making objective decisions about the recommendations for the scale of 
defendable space. The following section provides an analysis of this relationship, as 
defined by the LiDAR-derived forest/non-forest layer, for each of the three study regions 
described in Section 5.2. 

General statistics for all regions 
The proximity to forest within each angular segment around each of the structures was 
extracted using the method described previously. The mean value for these statistics 
across all residential structures shown in the following tables indicates the trend across 
each region for a given structure damage class. 

A total of 588 residential properties were considered in the Murrindindi West region, of 
which 451 (76%) sustained some form of fire damage. The proportion of houses affected 
in the eastern region was more severe, where of the 149 houses surveyed, 145 (97%) 
sustained some damage. At the Pine Ridge Road site, 77 residential structures were 
burnt of the 95 delineated in the imagery, representing a loss of 81%. 

Statistics on distances (minimum, mean, median and maximum) were derived for each 
residential structure using the individual distance measurements within the 12 angular 
segments around each structure. The mean of these statistics for all structures is shown 
in Table 49. 
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Table 49 Minimum, mean, median and maximum distances from structure to forest 

New 
dataset P (>F) Untouched Superficial Damaged Destroyed 
n  137 61 29 361 
Minimum 2.50 ×10-6 12.8 10.6 6.72 7.27 
Mean 2.18 ×10-9 30.2 23.9 15.4 17.8 
Median 5.50 ×10-8 26 21.3 13.1 15.6 
Maximum 2.57 ×10-8 64.1 48.5 36.5 38.7 
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Figure 29 Distribution of minimum, mean, median and maximum distance (metres) to forest for residential 
structures in the West region (Murrindindi West) for the four residential structure damage classes 

Distances to forest from all residential structures are heavily skewed towards the zero as 
shown in Figure 29 for the West region (Murrindindi West). This indicates a large number 
of properties within or adjacent to forest. Some distinction can be seen between the 
distribution of burnt and unburnt structures with the skew towards zero for unburnt 
structures being slightly less than that of the burnt structures. 

The distinction between individual structure damage class groups can also be tested 
using paired t-tests. Table 50 shows the significance of the difference between structure 
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damage classes for each distance to forest statistic. Lower values indicate a lower 
probability that the mean of the distances statistics for both of the damage classes is the 
same. These show that for the West region, there is a statistically significant difference 
between the distances to untouched structures and damaged and destroyed houses. 
However, there is not a statistically significant difference (at the 99% confidence level) 
between distance to forest from superficially damaged, damaged and destroyed 
properties (Table 50). Hence, the distance to forest appears to be a good indicator of 
likelihood of damage rather than the degree of damage a structure may experience. 

Table 50 Paired t-tests results for structure damage classes and distance to forest  

Class separability Minimum Mean Median Maximum 
Untouched–Superficial 0.534 0.145 0.311 0.067 
Untouched–Damaged 0.028 0.001 0.002 0.006 
Untouched–Destroyed 0.000 0.000 0.000 0.000 
Superficial–Damaged 0.376 0.209 0.178 0.568 
Superficial–Destroyed 0.112 0.105 0.102 0.317 
Damaged–Destroyed 0.994 0.917 0.884 0.992 

 

Residential structure burn probability 
The LiDAR-based forest/non-forest layer used for this analysis has a strict and rather 
simplistic definition of forest. This definition assumes that any LiDAR return within a 2 by 
2-m area that is greater than 8 m above the modelled ground surface indicates the 
presence of forest. It specifies no minimum cover of vegetation within the 2 by 2-m area 
and no measure of continuity of the forest relative to adjoining pixels. In theory, such a 
return could emanate from a single tree standing alone in the centre of a bare paddock, 
which would not under normal circumstances be regarded as forest. Statistics based on 
these data potentially include measures to such discrete objects, although the use of the 
mean distance statistic removes the bias of such cases to some degree.  

In recognition of the disparity between the LiDAR definition of forest and that which would 
be considered continuous forest in the sense of forest fire propagation, contiguous pixels 
classified as forest within the LiDAR-derived layer that were less than 0.5 ha were 
removed. A corresponding new layer with forest areas less than 1 ha removed was also 
produced. These new layers with small areas of isolated trees removed are an attempt to 
distinguish the difference in impact a fire may have on structures when emerging from 
small numbers of isolated trees and large, more continuous forest. 
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Figure 30 Percentage of residential structures burnt (damaged and destroyed) as a function of the distance to 
forest from house centroids in the Kilmore East area (Murrindindi West region). Red curve: unmasked data 
represent the original data extracted (forest with trees > 8m); the green curve is the forest layer with small 
areas of 0.5 ha subtracted; the blue curve is the forest layer with small areas of 1 ha subtracted.  

The Murrindindi West region containing the greatest sample of structures provides the 
most effective opportunity to study any statistical expression of likelihood of structural 
loss as a function of distance from forest (see Figure 30). The vertical axis defines the 
percentage of structures lost compared with total houses surveyed in the region. The 
horizontal axis describes distance between the house centroid and the forest edge. There 
is a clear trend towards total loss as the distance approaches zero, which can be 
expected given the extent of the influence of forest fuels for this event. This appears to be 
true whether the structures are adjacent to small isolated clumps of trees, or larger 
aggregations. The graph suggests that clumps of trees of the order of 0.5 ha or more may 
affect structures at greater distances when with to the unmasked curve, which considers 
all trees including those in small clumps. 

Beyond 50–60 m, the immediate effects of forest would be expected to become less 
significant as other landscape features and vegetation classes closer to structures 
become dominant. Of note is the peculiar kick in the curve just prior to 100 m; this may in 
fact be an expression of the point at which building and planning requirements are 
relaxed, where buildings that are greater than 100 m from forest are subject to no specific 
building requirements. These buildings outside the 100-m threshold suffered a slightly 
greater loss compared with houses that fall within the 100-m threshold. Note: this could 
also be an expression of structure-to-structure spread in urban clusters that would tend to 
be more than 100 m from bushland or forest.  



RESULTS 

Chapter 3 | Page 88 
Building and Land Use Planning – October 2009 – Final Report 

 

Further investigation may reveal the reason for the hump in the red curve around 60 to 
70m.  
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Figure 31 Percentage of residential structures lost (damaged and destroyed) as a function of the distance to 
forest from house centroids in the Murrindindi area (East region). Red curve: unmasked data represent the 
original data extracted (forest with trees > 8m); the green curve is the forest layer with small areas of 0.5 ha 
subtracted; the blue curve is the forest layer with small areas of 1 ha subtracted. 

The same graphical plot for Murrindindi (East region) shows little correlation, mainly 
owing to the extensive urban spread of fire (structure to structure) within the township. 
There is a peculiar dip around the 100-m point similar to the Kilmore East (West region) 
in the previous graph (see Figure 30). 
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Figure 32 Percentage of residential structures lost (damaged and destroyed) as a function of the mean 
distance to forest from house centroids in the Pine Ridge Road area. Red curve: unmasked data represent 
the original data extracted (forest with trees > 8m); the green curve is the forest layer with small areas of 0.5 
ha subtracted; the blue curve is the forest layer with small areas of 1 ha subtracted. 

This approach shows variation of the proportion of all structures at a particular distance 
that are damaged. Another approach to consider the loss statistics is to compare the 
percentile of structures lost as a function of distance from forest. This approach shows 
how the proportion of damaged structures varies with distance. 

Figure 33, Figure 34 and Figure 35 show that there are significant numbers of dispersed 
trees among the structures sampled that may or may not present a significant risk to 
structures. Further data analysis would be required to isolate these effects. The graphs 
also shows that 0.5-ha and 1-ha filters produce very similar results, suggesting that either 
clumps of trees within the 0.5- to 1-ha range are not prevalent or clumps of this size 
present fire behaviours indicative of continuous forest.  
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Figure 33 Percentile of damaged residential structures (damaged and destroyed) as a function of the 
distance to forest from house centroids for the Kilmore East area (West region). Red curve: unmasked data 
represent the original data extracted (forest with trees > 8m); the green curve is the forest layer with small 
areas of 0.5 ha subtracted, the blue curve is the forest layer with small areas of 1 ha subtracted. 
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Figure 34 Percentile of damaged residential structures (damaged and destroyed) as a function of the 
distance to forest from house centroids for the Murrindindi area (East region). Red curve: unmasked data 
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represent the original data extracted (forest with trees > 8m); the green curve is the forest layer with small 
areas of 0.5 ha subtracted, the blue curve is the forest layer with small areas of 1 ha subtracted. 
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Figure 35 Percentile of damaged residential structures (damaged and destroyed) as a function of the mean 
distance to forest from house centroids for the Pine Ridge Rd area. Red curve: unmasked data represent the 
original data extracted (forest with trees > 8m); the green curve is the forest layer with small areas of 0.5 ha 
subtracted, the blue curve is the forest layer with small areas of 1 ha subtracted. 

Figure 36 shows the spatial distribution of residential structures that fall within 100 m of 
nearest forest, and those that do not. 
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Figure 36 Spatial distribution of residential structures  

7.9.2 Detailed localised analysis (Pine Ridge Road) 

The following tables show the ability of a variety of forest cover-derived (from LiDAR 
data) and structural-derived (from aerial photography) layers to differentiate between 
burnt and untouched houses (see Table 51 to 54). A test of significance (P value) is then 
performed to determine correlation between the variable and the house status (house 
burnt or untouched); very low P values indicate some correlation.  
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Table 51 Median distance to forest and damage to houses in Pine Ridge Road 

Variable House untouched House burnt 
Test of 

significance (P 
value) 

Median distance to 
forest (m) 19.55 13.45 0.06063 

Table 52Error! Not a valid bookmark self-reference. shows the percentage of cover in 
the over-storey (8 m and above), mid-storey (3–8 m), and understorey (50 cm–3 m) for 
three radial zones around the burnt and untouched houses (0–50 m, 0–100 m and 0–200 
m). 

Table 52 Percentage of over-storey, mid-storey and understorey cover and damage to the house (house 
untouched and burnt) in Pine Ridge Road 

Variable House untouched House burnt 
Test of 

significance (P 
value) 

Over-storey cover  
(0–50 m) 20% 27% 0.03056 

Over-storey cover 
(0–100 m) 22% 39% 0.005365 

Over-storey cover 
(0–200 m) 24% 31% 0.001287 

Mid-storey cover 
(0–50 m) 12% 11% 0.7813 

Mid-storey cover 
(0–100 m) 11% 11% 0.5713 

Mid-storey cover 
(0–200 m) 10% 12% 0.1257 

Understorey cover 
(0–50 m) 7% 8% 0.2059 

Understorey cover 
(0–100 m) 6% 8% 0.00721 

Understorey cover 
(0–200 m) 6% 9% 0.008505 

Table 53 Minimum distance to unburnt and burnt forest and damage to the house (house untouched and 
burnt) in Pine Ridge Road 

Variable House untouched House burnt 
Test of 

significance (P 
value) 

Min. distance to 
unburnt forest (m) 83.21 96.31 0.3905 

Min. distance to 
scorched forest (m) 64.42 64.15 0.9819 

Min. distance to 
burnt forest (m) 91.24 43.69 0.004827 

 

Of particular interest in Table 53 is the correlation between burnt forest, compared with 
scorched forest, with a much stronger correlation with the burnt houses. This may be a 
good indicator of scenarios where high-intensity forest combustion has contributed to the 
likelihood of house loss. 
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Table 54 Minimum distance to unburnt and burnt structure (including other houses, sheds and tanks) and 
damage to the house (house untouched and burnt) in Pine Ridge Road 

Variable House untouched House burnt 
Test of 

significance (P 
value) 

Min Distance to burnt 
structure (m) 32.96 13.07 0.01486 

Min Distance to 
unburnt structure (m) 17.59 48.39 0.00000006466 

 

7.9.3 Proportion of houses lost and distance to forest – Pine Ridge Road 
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Figure 37 Proportion of house loss by distance to forest (Pine Ridge Road region) 

Figure 37 shows the proportion of houses lost in the Pine Ridge Road region compared 
with the total number of houses, plotted against distance to forest from the house. The 
first graph shows this for 1-m intervals (i.e. proportion of houses lost between 0–1 m, 1–2 
m, etc.) from the minimum distance to forest, to the recorded maximum distance. The 
second is smoothed by changing the intervals to 5 m (i.e. proportion of houses lost 
between 0–5 m, 5–10 m, etc.), and shows a clearer overview of how distance to forest 
affected the likelihood that residential structures were lost. The distance to forest results 
imply that there is an increase in risk of a residential structure being destroyed as it is 
located closer to forest, but the results do not include any information about the amount 
of forest in the vicinity of the structure, which is covered in the next section. 
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7.9.4 Proportion of houses lost and cover in surrounding forest – Pine 
Ridge Road 
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Figure 38 Houses lost and forest cover for three radial zones around the house (0–50 m, 0–100 m and 0–200 
m) for the Pine Ridge Road region 

 
As the distance from the house to forest increases, the variation in cover in the region 
immediately around the house has less effect on the likelihood of house loss (see Figure 
38). The 0–50 m cover may explain burn behaviour due to vegetation in the immediate 
location of the house, showing that there is a definite increase in the probability of house 
loss as cover increases, and a threshold value of around 15% cover below which the 
chance of burning decreases dramatically. The 0–200 m range may indicate that the 
characteristics of the forest in the greater surrounding area also play a role in determining 
house loss likelihood. All ranges show an increase in the probability of house loss as the 
forest cover increases, with a marked increase when cover exceeds 15% (for 0–50 m and 
0–100 m).  
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The graph demonstrates that small amounts (less than 10%) of forest within 50 m of a 
structure is a strong indicator of house exposure compared with higher percentage of 
forest cover. This may be an expression of both a forest’s potential to produce embers 
and produce radiant heat. 

7.9.5 Summary of remote sensing study 

 The results of this preliminary study show that the distance to the forest may be 
capable of explaining roughly 20% of the variation between surviving and 
destroyed houses.   

 The results indicate that there is a correlation between the percentage of forest 
cover in the vicinity of a house and the likelihood of it being burnt. 

 The results from further detailed Pine Ridge Road study region show that there is 
a significant difference between the distance from a burnt property to the nearest 
burnt property, and from a burnt property to the nearest unburnt property. This 
indicates that proximity to other houses may be a strong driver in fire risk. 

 The East Murrindindi region showed little dependence on forest cover or forest 
distance from the burnt and unburnt residential structures. This may indicate 
different dominant fire spread mechanisms such as structure-to-structure spread. 
The West and Pine Ridge Road regions show roughly the same trends in both 
distance and cover statistics. 

 
 Caveats: 

o At the time of writing, the survey data for the burnt and unburnt residential 
structures from all the fire data are still being finalised and validated. 

8. DISCUSSION 

The key role of this report is to present a dataset of post-bushfire surveys and some 
preliminary analyses of this dataset. For this reason, a focus on factual presentation of 
the preliminary analysis of these results is the key point, rather than a detailed discussion 
on the relevance of this analysis. There is a significant amount of additional work required 
to provide a definitive interpretation of this dataset and its relationship to other datasets. 

8.1 Exposure on structure 

The key categories of structural exposure are flame, radiation and embers.  

The factors that may influence the degree of exposure a house experiences are as 
follows: 

- Distance from continuous vegetation 

- Ember reach driven by high winds  

- Drier (more ignitable) vegetation 

- Ground cover and its proximity to structures 

- Proximity to adjacent structures  
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- Proximity to other combustible elements  

Combined together, those factors increase the likelihood of loss beyond those observed 
in bushfire events of lower fire-weather severity. Flame contact from surrounding 
bushland appears to be more prevalent in this study compared with previously surveyed 
areas. This appears to be in part due to a higher prevalence of structures with close 
proximity to bushland. 

In comparison, the analysis of the bushfires of Ash Wednesday 1983, Sydney 1994, 
Canberra 2003 and the Eyre Peninsula 2005 identified ember attack as the predominant 
ignition mechanism. The significance of ember-based attack and its interaction with 
surrounding combustible elements is a clear theme throughout all fires. Direct flame and 
radiation attack from the flame front itself played a much less significant role in these 
previous fires, either because the flame front was not of sufficient strength when reaching 
the structure or because it was unable to approach sufficiently close to the structures.  

The Canberra fires highlight the significance of unchecked house-to-house fire transfer, a 
fire spread mechanism that is exacerbated by close proximity of structures (Blanchi & 
Leonard 2005). 

8.1.1 Ember spread distance 

Structural losses have been observed at least 350 m into urbanised regions of Marysville 
and are comparable with losses in the fires of Hobart 1969 (680 m), Otways 1983 (430m) 
and Canberra 2003 (670 m) (Ahern & Chladil 1999). The role of ember reach from 
continuous vegetation to structures needs due consideration. It is understood that embers 
can travel many kilometres under these conditions; however, it requires a substantial 
number of embers in the vicinity of a house to make it statistically likely to cause house 
ignition, either directly or indirectly.  

It is not yet clear from this study whether embers travelled substantial distances and 
caused structural loss or whether vegetative and non-vegetative elements between 
continuous vegetation and the structure produced sufficient embers to cause structural 
loss at such distances. 

In either case, there may be substantial risk mitigation benefits in considering structural 
design for ember mitigation at far greater distances than are currently considered in 
building regulations, which provide a regulatory zone of 100 m from forest. In addition, a 
broader range of vegetation classes could be considered as ember sources for which 
building regulation for ember ignition mitigation could be considered. 

Figure 33 demonstrates that for the largest detailed sample region (Murrindindi West 
region), house loss was occurring at distances out to 150 m, with over 20% of house loss 
occurring at greater than 100 m. The distances refer to the separation distance from 
forest greater than 8 m in height that are in clumps larger than 0.5 hectares. Note: more 
extensive analysis on other relevant fuel classes (such as 3–8 m vegetation and 0.5–3 m 
vegetation) and their spatial orientation may identify ember reach trends of shorter 
distances. This could be the subject of further analysis and debate as to sources of 
embers from these vegetation class types (e.g. bark is a key source, which is more 
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prevalent from tall forest than low shrubs). It is difficult to confidently link observed loss 
patterns to ember reach based solely on this dataset. The integration of human accounts 
and the detailed descriptions of fire spread under these weather conditions will be very 
useful in determining the confidence of this conclusion. 

8.1.2 Surface fuel spread 

Table 35 indicates a possible correlation between house loss potential and proximity to 
combustible ground cover, which has also been inferred by occupant accounts. 

As in other fires (Eyre Peninsula and Canberra, for instance), grassland fuels have been 
observed to support rapid fire spread and have the capability to bring fire effects to other 
combustible elements (Leonard & Blanchi 2005, 2006).  

Surface fuels (e.g. mulch bed, dry grass) also are likely to support fire spread to other 
combustible elements and structures at and within the urban interface.  

8.1.3 Combustible elements within the urban environment 

The influence of trees close to the house is strongly expressed in Table 33, with a strong 
correlation between houses with overhanging or adjacent trees and house loss. To a 
lesser extent, bushes immediately adjacent to houses correlated well with observed 
house loss. Other combustible elements are yet to be analysed but are expected to have 
similar correlations. Further analysis may also reveal the specific differences between the 
influence of isolated trees or small groups of trees compared with continuous forest. 

8.2 Wind-related structural compromise 

In 13% of the surveyed houses (135 houses), wind was identified as a mechanism that 
contributed to compromising the structure as well as fire. In at least two confirmed cases, 
wind alone was identified as seriously affecting the structure with no associated fire 
damage. Wind-related damage is highly likely to compromise the integrity of the building 
envelope, allowing ember entry into occupied areas of the house or confined spaces 
where combustible building elements or stored material may reside. The potentially 
compromised structures identified in the survey may or may not have been adequately 
built and maintained to withstand wind strengths potentially associated with fire. As the 
evidence of wind-related effects is difficult to identify from burnt house wreckage, the 
proportion of houses affected by wind is likely to be substantially greater than is 
represented in the sample. Structures suffering little or no fire damage and minor wind 
damage (missing roof tiles, lifted roof sheeting or missing eaves sheeting) provide an 
indication of how wind effects may have aided fire impact. A study of human accounts 
relating to this effect in future research efforts would add significant detail to this analysis. 

It is well known that large fires can increase the local winds experienced and that there is 
a strong association between fire events such as 7th February fires and the potential for 
damaging winds (Bureau of Meteorology 2009). If this is found to be the case, then there 
is a strong case for the review of wind loading specifications approaches in bushfire-
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prone areas. The survey data emphasises the interdependency between wind loading-
related building design and house vulnerability. 

The Canberra 2003 survey showed that wind played only a minor role in the direct impact 
of the structures in the Duffy suburb. However, this is in contrast to the impact on the 
suburb of Chapman, where more houses were affected by fire-generated wind effects 
than the fire itself (Leonard & Blanchi 2005). 

Further data analysis will endeavour to determine whether age of structure, building type, 
local topography, etc., are statistically relevant factors to further inform the discussion on 
wind-related damage.  

8.3 House vulnerability 

House vulnerability can be influenced by a wide range of design elements. The following 
section discusses a number of key elements. 

8.3.1 Cladding material 

Section 7.3.3 details the breakdown of house survival and external wall material. Brick 
construction performed well compared with all other forms of construction. Mud brick, 
cellulose cement and timber-clad structures all performed similarly to each other. It could 
be expected that light-weight construction, such as timber and cellulose cement, would 
fare poorly under the given conditions; however, the reasons for mud brick performing 
poorly are not so clear. There is a statistically small sample of mud brick structures in the 
survey. Further analysis may either verify or dispel this observation. Further correlations 
of house survival with respect to building age, cladding type, and proximity to bush in 
future research will also provide significant guidance as to the appropriate use of each 
construction type in given circumstances. 

Further analysis as to how these cladding materials are associated with other vulnerable 
construction styles may also provide further insights. For example; brick and mud brick 
construction is more likely to be associated with slab-on-ground constructions than timber 
or cellulose cement-clad houses. 

8.3.2 Window glass type 

The survey dataset contains only a small sample of houses identified as having all 
toughened glass windows (21). This is not a sufficient sample to demonstrate a 
correlation between house survival and glass type. However, the physical characteristics 
of glass and framing performance are well understood in the study of glazing 
performance (Bowditch and al. 2006). 

8.3.3 Prevalence of attached combustible elements 

In order to effectively assess house vulnerability and the performance of the weakest 
aspects of its design, we need to compare these weak points and an estimation of the 
intensity of exposure the structure is likely to have experienced against house loss. This 
comparison could be the subject of future work. 
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8.3.4 House tenability 

Another aspect to consider is the tenability of the house during the fire event. The survey 
dataset does indicate that a number of structures were subjected to multiple wind 
directions during the peak of the fire event. This suggests that multiple fire fronts may 
have approached these houses. This observation appears to be consistent with human 
accounts recorded in interviews during the survey (see human behaviour part of this 
report). This raises the question of the adequacy of the house to provide shelter over the 
time period for which multiple fire fronts may be active around the house.  

It is reasonable to suggest that increasing extreme fire behaviour caused by more 
extreme weather in the future could lead to a greater exposure of structures. The greater 
the fire exposure, the more readily a structure may be ignited. In addition to this, the 
higher level of house exposure may cause a more rapid rate of loss of tenability of the 
structure. This could occur for a number of reasons: 

- prevalence of window failure due to higher exposure 

- rate of fire development in roof and wall cavities due to lower moisture content 
of combustible elements (MacIndoe 2007) (combined with potential for wind to 
compromise the integrity of the cladding in these areas) 

- higher propensity for combustible cladding elements to ignite and support 
rapid flame spread 

- compromises to structural envelope due to wind effects 

- high wind speeds causing a greater rate of air exchange between outside and 
inside the house 

Further work could involve reviewing human accounts of the issues around ignition, 
spread and the rate at which houses become untenable. Preliminary reviews of these 
accounts suggest that roof ignition and rapid spread occurred in a number of cases, 
which led to the house becoming untenable. 

8.4 Prevention measures – example of water defence system 
reliability 

Different prevention measures can be taken by the occupant prior to the fire event and on 
the day of the fire. A wealth of information is available from the occupant interviews 
regarding their preparations and actions on the day. Out of this information, the example 
of water supply was analysed. 

Of the houses surveyed, 82 had sprinkler systems fitted, and only one of these cases 
involved an internal system. In addition, a number of different types of pumps were used 
for active defence through ad-hoc or hand-held spray systems.  

Preliminary reviews of human accounts indentified mechanical (petrol- and diesel-driven) 
pump reliability as a major issue during the more intense period of fire exposure, with the 
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majority of pumps being rendered inoperable owing to thermal exposure. In many cases, 
the defence capability was severely hampered by the lack of water, although in a lot of 
these cases, defence continued using other means. 

Section 7.6 highlights the prevalence of water use as a key mechanism for house 
defence, and shows a strong correlation between house survival and evidence of the use 
of water to defend the structure. Previous bushfire investigations have shown the strong 
correlation between active human defence of houses and house survival. 

Further data analysis as to the effectiveness of various water defence strategies could be 
carried out, when confirmation (from occupant interviews) of the use of various systems 
and behaviours will be related to house survivability. 

8.5 Impact of land-use planning and building controls 

Survey data and remote sensing-based analysis have both shown that proximity to 
vegetation, in particular forest, is strongly correlated with house loss potential. This 
agrees with the underlying principles of existing building and planning controls. The 
specific distances between various house design features and vegetation types have 
been accurately mapped and recorded in this survey effort. In order to unravel the many 
ways vegetation can influence structural survival and its surrounding features to express 
any statistical correlations, a range of data sampling techniques need to be applied. This 
process requires a detailed definition of building footprint location and its relationship to 
vegetation classification and extent. At the time of finalising this report, these datasets are 
well developed but not complete. Future analysis could provide a detailed insight into the 
spatial interaction of these features to underpin future planning and building codes 
reform. 

Owing to the lack of house age data and building compliance data at the time of writing 
this report, it was not possible to draw direct statistical correlations between the 
effectiveness of the Wildfire Management Overlay (WMO) or the implementation of 
AS3959 (Building in Bushfire-Prone Areas Construction Standard). However, the 
underlying assumptions on which these controls are based are expressed in the various 
examples throughout the Results section of the report. Future analysis of these data 
could make statistical correlations possible. 

8.6 Concept of defendable house and defendable space 

8.6.1 Defendable house concept 

A defendable house is one that can withstand fire effects that may arise in a given 
location. Hence the location, surrounding elements and design all contribute to the 
defendability of a house. For a detailed discussion of house design and landscaping for 
bushfire risk mitigation, refer to Blanchi & Leonard (2008). 

The word defendable automatically infers the interaction of people with the structure. 
They may be fire agency personnel, house owners or others. It could be assumed that a 
house may survive with a small or large amount of attention provided by the human 
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element, and this attention could be provided immediately before the fire event, 
immediately after or both. It could infer that the house will or should survive throughout 
the course of the fire or for a short period in which the most intense part of the fire event 
passes the house. Each of these contexts would have a major bearing on the appropriate 
design and siting of a house that is considered defendable. 

In order to simplify the discussion, we need to define the specific context for which we 
define the defendable house by answering the following questions: 

- Should the house be expected to survive without human intervention 
immediately before and after the passage of the main fire front? 

- Should the house defendability be sensitive to vegetation growth and other 
common combustible elements around the house (e.g. the construction of a 
neighbouring house), hence requiring ongoing detailed assessment of its 
defendability? 

- Should the house be expected to survive all likely fire arrival events under all 
likely weather conditions? If so, what is an acceptable likelihood of 
exceedance of these conditions, and what is the consequence of an 
exceedance event? For example; will the house rapidly lose tenability once its 
threshold is exceeded, or has it been specifically designed to provide shelter 
for a limited time even if its design threshold is exceeded? 

Irrespective of how these questions are answered, the most ideal situation for life safety 
is to have a house design that will survive under all circumstances. In reality, cost and 
functionality of the design open up the debate as to which compromises can or should be 
made. In many cases, few compromises need to be made with risk mitigation methods 
being simple, and synergistic with other objectives such as durability.  

A discussion of a methodology of assessing house defendability is provided in Section 9 
below.  

It is necessary to consider the constraints of the house location. This will clarify what 
‘distance from various vegetation types’ will be recommended. These distances may be 
fixed, negotiable or preferred (see Section 4.2). These distances immediately define the 
context for what a building may be subject to and can range from light ember attack to 
heavy flame contact. 

8.6.2 Defendable space 

Defendable space is a common concept used by many fire agencies. It is a region of 
reduced fuel immediately around a house that reduces the maximum impact the house 
may receive; it should also increase the opportunity for occupants to defend their 
structure after the fire has passed, or to flee the structure if it becomes untenable. 
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Definition from Country Fire Authority (from WMO Kit) 

“Defendable space is several zones of managed vegetation surrounding the building. 

…This provides an area of protection from radiant heat, direct flame contact and ember 

attack.” 

Definition from Tasmanian Fire Service  

“A defendable space is an area around your home where you have modified the 

vegetation and removed most of the other flammable materials to reduce the fire’s 
intensity. Removing flammable materials will mean sparks and embers will have less fuel 
to ignite when they land, and any spot fires will be easier to put out. Also, the impact of 
the flames and radiant heat from an approaching bushfire will be reduced.” 

Definition from NSW Rural Fire Service (from Planning for Bushfire Protection) 

“An asset protection zone (APZ) is also known as a fire protection zone and aims to 
protect human life, property and highly valued assets. It is a buffer zone between a bush 
fire hazard and buildings, which is managed progressively to minimise fuel loads and 
reduce the potential radiant heat levels, flame contact, ember and smoke attack on life 
and property.” 

The concept of a fuel-reduced zone immediately around a house is sound. The survey 
results show a clear correlation between house loss and proximity to trees and bushes 
(see Section 7.5). Even well-designed and prepared houses will benefit from the reduced 
exposure by providing an increased safety margin as well as improving the likelihood of 
effective defence by occupants once the peak in fire activity has passed. A defendable 
space also improves the likelihood of safe egress from a house that may have ignited and 
is becoming untenable. This space would need to provide a sufficient buffer from 
surrounding heavy fuel elements that remain burning long after the fire front has passed. 
Further analysis of surveyed structures and surroundings will provide an insight into the 
distances and configurations that were effective in reducing house damage.  

9. FUTURE WORK AND ARISING QUESTIONS  

Future work is related to the assessment of house vulnerability under different types of 
fire exposure.  

9.1 Assessment of house vulnerability with different types of fire 
intensity  

The characteristics of house design and construction materials play an important role in 
the house loss process. The vulnerability of a structure can be evaluated by taking into 
account its resistance to embers, flame and radiant heat attack, and is described in this 
section. 
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9.1.1 House vulnerability (from house design and construction material) 

The assessment of house vulnerability can be based on a combination of factors. In 
future work, these factors (extracted from the survey) will be aggregated to estimate a 
house’s vulnerability to various levels of exposure. These include: 

- likelihood of ember entry in the structure through gaps 

- ignitability from low-level flame 

- ignitability from accumulated fine debris 

- ignition or loss of integrity of materials due to different radiant heat levels 

The ember entry vulnerability is estimated from: the presence of screen protection on 
vents and doors, the presence of a floor with a minimum height above the ground less 
than 600 mm from the ground that is either fully enclosed (with non-combustible material) 
or slab on the ground. 

The low-level flame ignition is based on the presence of combustible fascia material 
within 400 mm of the ground or other horizontal projections, and exposed combustible 
floor material within 600 mm of the ground or other horizontal projections. The 
classification is determined from the ground cover or deck material and from the wall 
material (major and minor portion). In the event of the presence of different material 
combustibility for those two aspects, it will be necessary to check a photo of the house to 
estimate the type of material. 

The radiant heat classes are defined by taking into account the radiant heat level that a 
house should be able to sustain. The defined classes are: all radiant heat levels up to 
12.5 kW/m2; all radiant heat levels up to 19 kW/m2; and all radiant heat levels up to 40 
kW/m2. The classification is based on the type of glass material, the presence of shutters 
and screen on all glazing elements, the wall material, the eaves material, the doors 
material, the subfloor enclosure material. 

The following decision tree summarises a classification process for the radiation 
threshold of houses that have been previously surveyed (see Figure 39). This would 
effectively create a new data attribute for this structure that could be assessed for its 
statistical correlation to factors such as distance to vegetation. 
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Figure 39 Classification process for radiation threshold of houses surveyed (NC = non-combustible) 

9.1.2 Estimating exposure at house level from forest and surrounding 
objects 

The exposure received at the house level could result from the fire front, the surrounding 
elements burning or a combination of both. The exposure received from these elements 
is a function of distance and the amount of other element(s) the house is exposed to. We 
used this as a variable to statistically relate house loss to exposure. Other approaches to 
define the exposure are used as well in certain specific areas, for instance proximity from 
burnt, scorched or unburnt vegetation, from the remote sensing analysis (see Section 
5.2.3) and from human account when available. 

9.1.3 Crossing house vulnerability and exposure 

This will be demonstrated on specific areas with a multivariable analysis on the following 
parameters: 

 The vulnerability of the house (see Section 9.1.1) 

 The exposure: from proximity to continuous vegetation (distance from building 
footprint to continuous vegetation type) and comments on status of vegetation if 
available (burnt, scorched) 

Window type? Screensplain

Toughened

12.5 kW/m2

None or some screens 

allShutters? Some or none

12.5 kW/m2

Some Timber

19 kW/m2All NC

all

12.5 kW/m2Some timber

All NC

Material
Under 

cladding

PVC

12.5 kW/m2Some Timber

19 kW/m2All NC

External
Materials 12.5 kW/m2Some timber

All NC

40 kW/m2

Timber
Decking? 12.5 kW/m2yes

no

40 kW/m2

Radiation 
threshold 

assessment

External 
material?

External 
material?
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 The exposure from surrounding vegetation elements and combustible objects 
(and available comments on status of elements) 

 Slope 

 Weather context 

9.2 Building controls 

To better understand the role of building controls, a study of a compliant house will be 
necessary. Additional information is required on house age to determine structures that 
might be compliant, or information from councils on house compliancy The assessment of 
house vulnerability described in Section 9.1.1 could be use to determine the types of 
houses that appear to be compliant with the building controls. 

9.3 Arising questions 

 Evaluate house loss probability based on multivariable analysis and comparison 
with Wilson model of house survival (Wilson and Ferguson 1986). 

 Better understanding of the influence of slope. This could be done by combining 
slope with fire direction to determine the impact of slope. The objective is to define 
slope classes, taking into account the slope, aspect and fire direction to determine 
what type of slope (up slope and down slope) have led the fire to the house and 
influenced its intensity. 

 Wind modelling to better understand the impact of topography and terrain on the 
house vulnerability (identification of ridges and valleys). It has been shown in 
tropical cyclone damage assessments that topographically assisted winds where 
terrain roughness due to vegetation influences wind speed correlates highly with 
damage (Walker et al. 1988). 

 Severity of fire weather may indicate an exceedance of threshold limits in building 
design, e.g. wind loading, moisture-driven shrinkage allowing ember access. 
Rather that extrapolating likely house loss as a function of fire weather or fire 
severity and observed loss to date, it may be more appropriate to consider what 
aspects of house design may pass a critical design threshold and contribute to a 
major escalation of structural loss. 

 The prevalence of houses lost and apparent rapid loss of tenability raises the 
question of whether house design to limit the rate at which a house becomes 
untenable be also considered along with the conventional approach of considering 
house ignition potential. 
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10. CONCLUSION 

A detailed dataset has been established that can assist further analysis for future 
planning and building codes reform. The opportunities of spatial data capture have only 
begun to be explored in the analysis of this dataset. From the preliminary analysis 
performed, the following conclusions can be made: 

 Over 1000 houses have been surveyed to form a representative sample of 
houses lost in these fires. 

 Active defence of structures has a major influence on house survival. 

 Building quality, detail and possibly house age appear to be factors influencing the 
likelihood of house loss. 

 Brick houses performed significantly better than mud brick and light-weight 
constructions clad with timber and cellulose cement sheet. 

 The potential for wind damage of structures should be a key factor in future 
building consideration in bushfire-prone areas. 

 Approximately 20% of house loss in the chosen study areas appears to be directly 
related to their immediate proximity to adjacent forest fuels. 

 House loss has occurred at distances greater than 380 m from continuous forest, 
and this figure may be substantially greater once a broader set of houses is 
analysed. 

 Over half of the surveyed houses lost in the February 7th fires were not in regions 
classified by a Wildfire Management Overlay. 

 Metal and concrete water tanks are more likely to maintain an effective water 
supply for house defence than polyethylene and fibreglass tanks. 

 Design, location and degree of protection of water pump and pipe-work are 
important factors in maintaining an effective water supply throughout the fire 
event. 

 Mains water pressure and mains electricity cannot be relied upon during the fire 
event. 

 Vegetation overhanging or immediately adjacent to houses, whether it is isolated 
or continuous, is a key factor influencing the likelihood of house loss. 
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APPENDIX A – PAPER QUESTIONNAIRE  

 
 
 

 

Address:  ............................................................................... 
(of surveyed building) 
 

 Town: .................................................................. 
 

Nearest intersection: ........................................................... 
 

Other identifier: ..................................................................... 
(house name, opposite fire station, etc.) 
 

  House survived 
  House destroyed, site not cleared 

  House destroyed, site cleared Location sketch map 
 
Owner’s name:  .........................................................................................................................................  

 
Contact address:  .......................................................................................................................................... 
 

.........................................................................................  Postcode: .....................  

 
Phone numbers:  BH (       ) ............................................. AH (       ) ....................................................... 
 
Mobile:  ............................................................. Fax: (       ) ................................................... 
 
Email:  .........................................................................................................................................  

 
Surveyed by:  .......................................................  and ....................................................................  
 
Date:  .......................................................  

 
Images/photos: 

 
 
 
 
 

 

 
BUSHFIRE BUILDING DAMAGE SURVEY 

Fire I/D 
 

    

Survey no. 
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BUILDING DETAILS 

 

1 Degree of damage – house  

 
1      Untouched 

2      Superficial 

3      Light damage 

4      Medium damage 

5      Heavy damage 

6      Destroyed 

7      Other .............................................................................................................................................  

9      Unknown 

 
 

2 Number of functional levels 

 
1      One level 

2      Split single level 

3      Two levels 

4      More than two full levels 

5      Other (illustrate) ............................................................................................................................  

9      Unknown 

 

 

3,4 Distance from edge of floor to ground 

3 Side nearest ground (at lowest point) 4 Side furthest from ground (at highest point) 

 
 1  Contacting ground, slab 

 2  <600 mm 

 3  600 mm to 1.6 m 

 4  >1.6 m 

 9  Unknown 
 

 

5 Major material supporting floors 

 
1      Treated pine 

2      Other timbers 

3      Concrete stumps, etc. 

4      Steel posts 

 
 
 
5      Brick piers, walls 

6      Other ............................................................... 

7      Slab on ground 

9       Unknown 
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6–9 Predominant external wall material 

6,7 Major portion of house 

6 Broad classification 

 
1   Timber 

2   Cellulose cement 

3   Brick (other than mud brick) 

4   Mud brick 

5   Aluminium siding 

6   PVC siding 

7   Other ……….…………………….. 

9   Unknown 

 

 

 

7 Narrower classification 

 
1   Smooth weatherboard (painted) 

2   Rough-sawn weatherboard 

3   Treated pine logs 

4   Other timber ……………………………. 

5   Cellulose cement  flat sheets 

6   Cement  planks, profiles 

8   Not applicable (brick, etc.) 

9   Unknown 

 

8,9 Minor portion of house 

8 Broad classification 

 
1   Timber 

2   Cellulose cement 

3   Brick (other than mud brick) 

4   Mud brick 

5   Aluminium siding 

6   PVC siding 

7   Other ……….…………………….. 

9   Unknown 

 

 

9 Narrower classification 

 
1   Smooth weatherboard (painted) 

2   Rough-sawn weatherboard 

3   Treated pine logs 

4   Other timber ……………………………. 

5   Cellulose cement  flat sheets 

6   Cement  planks, profiles 

8   Not applicable (brick, etc.) 

9   Unknown 

 

10 Underfloor enclosure 

 
1      Stump battens 

2      Cement sheet 

3      Brick 

4      Concrete 

 

 

 
5      Not enclosed 

7      Other ……………………………………. 

8      Slab, no underfloor space 

9       Unknown 

 

11 Predominant roof material 

 
1      Metal deck 

2      Corrugated iron 

3      Corrugated cement sheet 

4      Tiles (terracotta, concrete) 

 

 

 
5      Metal pseudo tiles 

7      Other ……………………………………. 

9      Unknown 
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12 Size of house 

1      Small, <80 m2 
2      Medium, 80–150 m2 

 

 

5      Large, >150 m2 
9      Unknown 

 

13 Roof profile 

1      One slope, no ridge or valley 
2      One ridge, no valley 
3      One valley, no ridge 

 

 

4      Complex ridge 
7      Other ............................................................  
9      Unknown 

 

14 Window frame materials 

1      Aluminium 
2      Timber 
3      Steel 
4      Mixed aluminium/timber 

 

 

5      Other mixed 
7      Other ………………………………………. 
9      Unknown 

 

15–20 Protection of openings 

15–17 Protection extent 

1      Each one protected fully 
2      All opening sashes protected 
3      Some protected, some not 
4      None to protect 
8      None protected 
9      Unknown 

 

 
 
 
 
 
1 
2 
3 

4 
8 
9 

 
 
 

15 Windows 

 
 
 

 
 
 

 
 
 

16 Doors 

 
 

 
 

 
 

 
 
 

7 Vents 

 
 

 
 
 
 

 

18–20 Protection material 

1      Metal flywire 
2      Fibreglass flywire 
3      Flywire (unknown) 
4      Metal grid, etc. 
5      Mixed 
7      Other ………………………… 
8      None 
9      Unknown 

 

 

 

1 
2 
3 
4 
5 
7 
8  
9 

 

18 Windows 

 
 
 
 
 
 
 
 

 

19 Doors 

 
 
 
 
 
 
 
 

 

20 Vents 

 
 
 
 
 
 
 
 

 

21 Window screen position 

1      Outside 
2      Inside 
3      Outside and inside 

 

 

 

8      None 
9      Unknown 
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22 Window shutters 

1      Roller shutters 
2      Aluminium awnings 
7      Other .............................................................................................................................................  
8      None 
9      Unknown 

 

 

23 Skylights 

1      Plastic 
2      Plain glass 
3      Wired glass 

 

 

 

7      Other ..................................................  
8      None 
9      Unknown 

 

24–27 Decks, verandahs, balconies with combustible decking 

24 Extent of combustible decking 

1      Up to 1/2 side (including porch, landing) 
2      1/2 + 1/2 side 
3      1 side 
4      1 1/2 sides 
5      2 side 

 

 

6      >2 sides  
7      Other ..................................................  
8      No combustible decking 
9      Unknown 

 

25 Principal decking material 

1      Tongue and groove boards 
2      Gapped boards – treated pine 
3      Gapped boards – other timber 
4      Gapped boards – timber unknown 

 

 

 

5      Bituminous membrane 
7      Other ..................................................  
8      No combustible decking 
9      Unknown 

 

26 Timber support poles – material 

1      Treated pine 
2      Red gum 
3      Other timber 

 

 

 

4      Timber (unknown) 
8      No timber support poles 
9      Unknown 

 

27 Timber support poles/ground interface 

1      Ground contact, unprotected 
2      Ground contact, sleeved min. 400 mm 
3      No ground contact, stirruped etc. 

 

 

 

8      No timber support poles 
9      Unknown 
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28,29 External stairs (more than 3 steps) 

28  Strings 29  Treads 

 1  Treated pine 

 2  Red gum 

 3  Other timber 

 4  Timber (unknown) 

 5  Metal 

 6  Other non-combustible 

 7  Other ......................................................................................................  

 8  No external stairs 

 9  Unknown 
 
 

30–41 Detached outbuildings within 20 m of house (largest first) 

30–32 Function of detached outbuilding 

 1st 2nd 3rd 

1    Garage 

2    Carport 

3    Bungalow, flat 

4    Laundry, toilet 

5    Storage shed, garden shed, workshop 

6    Barn, dairy, chookshed, etc. 

7    Other .........................................................................................  

8    Not applicable 

9    Unknown 
 

 

33–35 Degree of damage – detached outbuildings 

 1st 2nd 3rd 

1    Untouched 

2    Superficial 

3    Light damage 

4    Medium damage 

5    Heavy damage 

6    Destroyed 

7    Other .........................................................................................  

8    Not applicable 

9    Unknown 
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36–41 Materials – detached outbuildings 

36–38 External walls 

 1st 2nd 3rd 

1    Timber 

2    Iron, steel 

3    Aluminium 

4    Cement fibre 

5    Brick 

7    Other .........................................................................  

8    Not applicable 

9    Unknown 
 

 

39–41 Roof 

 1st 2nd 3rd 

1    Steel 

2    Aluminium 

3    Cement fibre 

7    Other .........................................................................  

8    Not applicable 

9    Unknown 
 

 

42,43 Combustibles 

42 Gas bottles (other than household supply) 

1      Inside house 

2      Under house 

3      Outside house 

4      Inside, under 

5      Inside, outside 
 

6      Under, outside 

7      Other (including all) ..………………………. 

8      None 

9      Unknown 

 

43 Building materials, wood heaps 

1      Under house 

2      Outside house 

3      Outbuilding 

4      Under, outside 

5      Under, outbuilding 
 

 

 

6      Outside, outbuilding 

7      Other (including all) ………………………… 

8      None 

9      Unknown 
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44–48 External LPG cylinders (household supply) 

44 Position 

1      Against external wall 

2      Under verandah, etc. 

3      Remote from house, <6 m 

4      Remote from house, >6 m 
 

7      Other .........................................................  

8      No bottled gas installed 

9      Unknown 

 

45 Security 

1      Free standing 

2      Secured 

7      Not applicable 

9      Unknown 
 

 

 

46 Behaviour 

1      Undamaged 

2      Heat affected – not vented 

3      Heat affected – vented 

4      Heat affected – venting unknown 

5      Split, ruptured 
 

 

 

6      Bottle condition unknown 

7      Other ..........................................................  

8      Not applicable 

9      Unknown 

 

47 Preserved ignition point evidence 

1      Windowsill, door frame 

2      Wall cladding 

3      Stump battens 

4      Fascia board 

5      External stairs 
 

6      Timber deck 
7      Other ..........................................................  
8      None 
9      Unknown 

 

48 Solid fences (in direction of fire approach) 

1      Brick, stone 

2      Metal panel 

3      Cement sheet profile etc. 

4      Timber, not ignited 
 

5      Timber, ignited 

7      Other ..........................................................  

8      None 

9      Unknown 
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49–54 Occupant action 

49 Before fire front passed 

1      Left earlier, unaware of fire 
2      Left well in advance of fire front 
3      Left just before fire front passed 
4      Stayed with house 
7      Other ...................................................................................................................................  
8      House not occupied on day 
9      Unknown  

 
 

50 After fire front passed 

1      Stayed with house 
2      Returned within 30 minutes 
3      Returned within 3 hours 
4      Returned within 6 hours 
5      Returned within 12 hours 
6      Returned after 12 hours 
7      Other ...................................................................................................................................  
8      Stayed away 
9      Unknown  

 

 

51 Evacuation behaviour 

1      Forced to leave by emergency services 
2      Given the option to leave by emergency services 
3      Left by own decision 
4      Elected to stay 
5      Unable to leave due to fire 
6      Unable to leave – other reason ...........................................................................................  
7      Other action .........................................................................................................................  
8      House not occupied on day 
9      Unknown 

 

 

52 Cause of damage to house 

1      Fire only 
2      Wind only 
3      Fire and wind 
4      Fire damage, wind unknown 
7      Other ...................................................................................................................................  
8      Untouched, no damage 
9      Unknown 
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53 Glassed area – worst wall 

1      <30% 

2      30–50% 

3      50–80% 

4      >80% 

9      Unknown 

 
54 Largest single pane of glass  

(including sliding doors) 

1      <1.5m2 

2      1.5–2m2 

3      2.5–4m2 

4      >4m2 

9      Unknown 
 

 

55 House site 

1      1–5° slope 

2      6–12°, house built to slope 

3      6–12°, house cut in 

4      13–30°, house built to slope 

5      13–30°, house cut in 
 

 

 

6      >30° slope 
7      Other .................................................................  

8      No slope – flat 

9      Unknown 
 
 

 

56,57 Firefighting 

56 Pre-fire activities (filling gutters, 

hosing walls, etc.) carried  

out by: 

1      Fire brigade 

2      Occupants 

3      Others 

4      Fire brigade, occupants 

5      Fire brigade, others 

6      Others, occupants 

7      Someone 

8      None 

9      Unknown 
 

 

 

57 Firefighting activities during and after the 

fire (extinguishing ignitions, etc.) carried 

out by:  

1      Fire brigade 

2      Occupants 

3      Others 

4      Fire brigade, occupants 

5      Fire brigade, others 

6      Others, occupants 

7      Someone 

8      None 

9      Unknown 
 

 

Cut in Built to 
slope 
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58 Bushfire attack mechanisms 

1      Embers only 

2      Embers and some radiant heat 

3      Predominant radiant heat 

4      Flame contact from bush vegetation 

7      Other .............................................................................................................................................  

8      No direct bushfire attack 

9      Unknown 
 
 

59 House-to-house fire spread 

1      Unlikely house-to-house spread 

2      Probable house-to-house spread (from house No. .................) 

3      Identified house-to-house spread (from house No. .................) 

7      Other .............................................................................................................................................  

8      Identified absence of house-to-house spread 

9      Unknown 
 
 

60 Glazing damage (to windows in the direction of fire approach) 

1      Glass cracked in place 

2      Glass fallen mainly inside, clean 

3      Glass fallen mainly outside, clean 

4      Glass fallen mainly inside, some soot-stained 

5      Glass fallen mainly outside, some soot-stained 

7      Glass intact 

8      Other .............................................................................................................................................  

9      Unknown 
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 APPENDIX B – ARC PAD SURVEY QUESTIONS  
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Layer type of attachment detailed 
Layer  Caption  Question  Field  Answer 
Attachment.shp Q1 Attachment Type ATTQ1 a) Deck 
Attachment.shp Q1 Attachment Type ATTQ1 b) Stairs 
Attachment.shp Q1 Attachment Type ATTQ1 c) Other 
Attachment.shp Q2 Does it have a roof? ATTQ1A1 a) Yes 
Attachment.shp Q2 Does it have a roof? ATTQ1A1 b) No 
Attachment.shp Q2 Does it have a roof? ATTQ1A1 c) Unknown 

Attachment.shp Q3 
Is it combustible (including deck boards or support 
structure)? ATTQ1A2 a) Decking boards only 

Attachment.shp Q3 
Is it combustible (including deck boards or support 
structure)? ATTQ1A2 b) Support structure only 

Attachment.shp Q3 
Is it combustible (including deck boards or support 
structure)? ATTQ1A2 c) Decking boards and support structure 

Attachment.shp Q3 
Is it combustible (including deck boards or support 
structure)? ATTQ1A2 d) No 

Attachment.shp Q4 Combustible description ATTQ1A3 a) Tongue and groove boards 
Attachment.shp Q4 Combustible description ATTQ1A3 b) Gapped boards - treated pine 
Attachment.shp Q4 Combustible description ATTQ1A3 c) Gapped boards - other timber 
Attachment.shp Q4 Combustible description ATTQ1A3 d) Gapped boards - timber unknown 
Attachment.shp Q4 Combustible description ATTQ1A3 e) Bituminous membrane 
Attachment.shp Q4 Combustible description ATTQ1A3 f) Other 
Attachment.shp Q4 Combustible description ATTQ1A3 g) Unknown 
Attachment.shp Q5 Support material (poles) ATTQ1A4 a) Treated pine 
Attachment.shp Q5 Support material (poles) ATTQ1A4 b) Red gum 
Attachment.shp Q5 Support material (poles) ATTQ1A4 c) Other timber 
Attachment.shp Q5 Support material (poles) ATTQ1A4 d) Timber (unknown) 
Attachment.shp Q5 Support material (poles) ATTQ1A4 e) No timber support poles 
Attachment.shp Q5 Support material (poles) ATTQ1A4 f) Unknown 
Attachment.shp Q5 Support material (poles) ATTQ1A4 g) Steel 
Attachment.shp Q5 Support material (poles) ATTQ1A4 h) Concrete 
Attachment.shp Q6 Timber Support Poles Ground Interface ATTQ1A5 a) Ground contact 
Layer  Caption  Question  Field  Answer 
Attachment.shp Q6 Timber Support Poles Ground Interface ATTQ1A5 b) Ground contact 
Attachment.shp Q6 Timber Support Poles Ground Interface ATTQ1A5 c) No ground contact 
Attachment.shp Q6 Timber Support Poles Ground Interface ATTQ1A5 d) No timber support poles 



 

Chapter 3 | Page 123 
Building & Land Use Planning – October 2009 – Final Report 

 

Attachment.shp Q6 Timber Support Poles Ground Interface ATTQ1A5 e) Unknown 
Attachment.shp Q7 Supporting beams material ATTQ1A6 a) Treated pine 
Attachment.shp Q7 Supporting beams material ATTQ1A6 b) Red gum 
Attachment.shp Q7 Supporting beams material ATTQ1A6 c) Other timber 
Attachment.shp Q7 Supporting beams material ATTQ1A6 d) Timber (unknown) 
Attachment.shp Q7 Supporting beams material ATTQ1A6 e) No timber support poles 
Attachment.shp Q7 Supporting beams material ATTQ1A6 f) Unknown 
Attachment.shp Q7 Supporting beams material ATTQ1A6 g) Steel 
Attachment.shp Q7 Supporting beams material ATTQ1A6 h) Concrete 
Attachment.shp Q8 Smallest distance from edge of deck to ground ATTQ1A7 a) Less than 0.6m 
Attachment.shp Q8 Smallest distance from edge of deck to ground ATTQ1A7 b) 0.6m to 1.6m 
Attachment.shp Q8 Smallest distance from edge of deck to ground ATTQ1A7 c) Greater than 1.6m 
Attachment.shp Q8 Smallest distance from edge of deck to ground ATTQ1A7 d) Unknown 
Attachment.shp Q9 Damage description ATTQ1A8 a) Undamaged 
Attachment.shp Q9 Damage description ATTQ1A8 b) Some isolated scorching 
Attachment.shp Q9 Damage description ATTQ1A8 c) Partially burnt 
Attachment.shp Q9 Damage description ATTQ1A8 d) Mostly burnt 
Attachment.shp Q9 Damage description ATTQ1A8 e) Other 
Attachment.shp Q10 Are stairs(more then 3 stairs) attached to the deck? ATTQ1A9 a) Yes 
Attachment.shp Q10 Are stairs(more then 3 stairs) attached to the deck? ATTQ1A9 b) No 
Attachment.shp Q10 Are stairs(more then 3 stairs) attached to the deck? ATTQ1A9 c) Unknown 
Attachment.shp Q12 Material of treads (What you stand on) ATTQ1B2 a) Treated Pine 
Attachment.shp Q12 Material of treads (What you stand on) ATTQ1B2 b) Red Gum 
Attachment.shp Q12 Material of treads (What you stand on) ATTQ1B2 c) Other (please comment) 
Attachment.shp Q12 Material of treads (What you stand on) ATTQ1B2 d) Unknown 
Attachment.shp Q12 Material of treads (What you stand on) ATTQ1B2 e) Non-Cumbustible 
Attachment.shp Q14 Material of strings? ATTQ1B4 a) Treated Pine 
Layer  Caption  Question  Field  Answer 
Attachment.shp Q14 Material of strings? ATTQ1B4 b) Red Gum 
Attachment.shp Q14 Material of strings? ATTQ1B4 c) Other (please comment) 
Attachment.shp Q14 Material of strings? ATTQ1B4 d) Unknown 
Attachment.shp Q14 Material of strings? ATTQ1B4 e) Non-Cumbustible 
Attachment.shp Q15 Damage description ATTQ1B5 a) Undamaged 
Attachment.shp Q15 Damage description ATTQ1B5 b) Some isolated scorching 
Attachment.shp Q15 Damage description ATTQ1B5 c) Partially burnt 
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Attachment.shp Q15 Damage description ATTQ1B5 d) Mostly burnt 
Attachment.shp Q15 Damage description ATTQ1B5 e) Other 

 
Layer type of barrier detailed 
Layer  Caption  Question  Field  Answer 
Barrier.shp Q1 Barrier type BARQ1 a) Solid fence 
Barrier.shp Q1 Barrier type BARQ1 b) Slatted fence 
Barrier.shp Q1 Barrier type BARQ1 c) Retaining wall 
Barrier.shp Q2 Approximate height in metres No Field No Answer 
Barrier.shp Q3 Material BARQ3 a) Brick 
Barrier.shp Q3 Material BARQ3 b) Metal panel 
Barrier.shp Q3 Material BARQ3 c) Cement sheet profile 
Barrier.shp Q3 Material BARQ3 d) Treated pine 
Barrier.shp Q3 Material BARQ3 e) Timber – other 
Barrier.shp Q3 Material BARQ3 f) Other 
Barrier.shp Q3 Material BARQ3 g) None 
Barrier.shp Q3 Material BARQ3 h) Unknown 
Barrier.shp Q4 Damage BARQ3D1 a) Undamaged 
Barrier.shp Q4 Damage BARQ3D1 b) Some isolated scorching 
Barrier.shp Q4 Damage BARQ3D1 c) Partially burnt 
Barrier.shp Q4 Damage BARQ3D1 d) Mostly burnt 
Barrier.shp Q4 Damage BARQ3D1 e) Other 

 
Layer type of combustible detailed 
Layer  Caption  Question  Field  Answer 
Combustible.shp Q1 Type of combustible COMQ1 a) Gas Bottle 
Combustible.shp Q1 Type of combustible COMQ1 b) Wood Heap 
Combustible.shp Q1 Type of combustible COMQ1 c) Building Material 
Combustible.shp Q1 Type of combustible COMQ1 d) Dustbin 
Combustible.shp Q1 Type of combustible COMQ1 e) External LPG Cylinder 
Combustible.shp Q1 Type of combustible COMQ1 f) Car 
Combustible.shp Q1 Type of combustible COMQ1 g) Boat 
Combustible.shp Q1 Type of combustible COMQ1 h) Stock feed 
Combustible.shp Q1 Type of combustible COMQ1 i) Other 
Combustible.shp Q2 Support description COMQ1A1 a) Freestanding 
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Combustible.shp Q2 Support description COMQ1A1 b) Secured 
Combustible.shp Q2 Support description COMQ1A1 c) Unknown 
Combustible.shp Q3 Damaged? COMQ2 a)Yes 
Combustible.shp Q3 Damaged? COMQ2 b)No 
Combustible.shp Q4 Behaviour COMQ3 a) Undamaged 
Combustible.shp Q4 Behaviour COMQ3 b) Heat Affected – venting unknown 
Combustible.shp Q4 Behaviour COMQ3 c) Heat Affected – vented 
Combustible.shp Q4 Behaviour COMQ3 d) Heat Affected – not vented 
Combustible.shp Q4 Behaviour COMQ3 e) Split 
Combustible.shp Q4 Behaviour COMQ3 f) Bottle Condition Unknown 
Combustible.shp Q4 Behaviour COMQ3 g) Other 
Combustible.shp Q4 Behaviour COMQ3 h) Not Applicable 
Combustible.shp Q4 Behaviour COMQ3 i) Unknown 
Combustible.shp Q5 Location description COMQ4 a) Beside structure 
Combustible.shp Q5 Location description COMQ4 b) Under structure 
Combustible.shp Q5 Location description COMQ4 c) Within carpoprt 
Combustible.shp Q5 Location description COMQ4 d) Within garage 
Combustible.shp Q5 Location description COMQ4 e) Remote from structure (less than 6m) 
Combustible.shp Q5 Location description COMQ4 f) Remote from structure (greater than 6m) 
Layer  Caption  Question  Field  Answer 
Combustible.shp Q5 Location description COMQ4 g) Other (please comment) 
Combustible.shp Q5 Location description COMQ4 h) Unknown 
Combustible.shp Q6 Damage description COMQ5 a) Undamaged 
Combustible.shp Q6 Damage description COMQ5 b) Some isolated scorching 
Combustible.shp Q6 Damage description COMQ5 c) Partially burnt 
Combustible.shp Q6 Damage description COMQ5 d) Mostly burnt 
Combustible.shp Q6 Damage description COMQ5 e) Unknown 
Combustible.shp Q7 Damage description COMQ1G1 a) Plastic 
Combustible.shp Q7 Damage description COMQ1G1 b) Fibreglass 
Combustible.shp Q7 Damage description COMQ1G1 c) Timber 

 
Layer Type of ground cover detailed 
Layer  Caption  Question  Field  Answer 
Combustible.shp Finish null No Field No Answer 
GroundCover.shp Q1 Is the ground cover combustible? GNDQ1 a) Yes 
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GroundCover.shp Q1 Is the ground cover combustible? GNDQ1 b) No 
GroundCover.shp Q2 Type of ground cover GNDQ2 a) Grasslands 
GroundCover.shp Q2 Type of ground cover GNDQ2 b) Garden mulch 
GroundCover.shp Q2 Type of ground cover GNDQ2 c) Bark 
GroundCover.shp Q2 Type of ground cover GNDQ2 d) Short heath 
GroundCover.shp Q2 Type of ground cover GNDQ2 e) Tall heath 
GroundCover.shp Q2 Type of ground cover GNDQ2 f) Other 
GroundCover.shp Q2 Type of ground cover GNDQ2 g) Unknown 
GroundCover.shp Q3 Attack Mechanism GNDQ3 a) Embers only 
GroundCover.shp Q3 Attack Mechanism GNDQ3 b) Embers and some radiant heat 
GroundCover.shp Q3 Attack Mechanism GNDQ3 c) Predominant radiant heat 
GroundCover.shp Q3 Attack Mechanism GNDQ3 d) Flame contact from bush 
GroundCover.shp Q3 Attack Mechanism GNDQ3 e) Other (please comment) 
GroundCover.shp Q3 Attack Mechanism GNDQ3 f) No direct bushfire attack 
GroundCover.shp Q3 Attack Mechanism GNDQ3 g) Unknown 
Layer  Caption  Question  Field  Answer 
GroundCover.shp Q4 Damage GNDQ4 a) Undamaged 
GroundCover.shp Q4 Damage GNDQ4 b) Some isolated burnt patches 
GroundCover.shp Q4 Damage GNDQ4 c) Partially burnt 
GroundCover.shp Q4 Damage GNDQ4 d) Mostly burnt 
GroundCover.shp Q4 Damage GNDQ4 e) Other 

GroundCover.shp Q5 
Is this fuel layer immediately adjacent to a habitable 
dwelling? GNDQ5 a) Yes 

GroundCover.shp Q5 
Is this fuel layer immediately adjacent to a habitable 
dwelling? GNDQ5 b) No 

 
Layer type of outbuilding detailed 
Layer  Caption  Question  Field  Answer 

Outbuilding.shp Q1 
Is the outbuilding attached to a habitable structure (not 
sharing common roof) OUTQ1 a) Yes 

Outbuilding.shp Q1 
Is the outbuilding attached to a habitable structure (not 
sharing common roof) OUTQ1 b) No 

Outbuilding.shp Q2 Function of Outbuilding OUTQ2 a) Garage 
Outbuilding.shp Q2 Function of Outbuilding OUTQ2 b) Carport 
Outbuilding.shp Q2 Function of Outbuilding OUTQ2 c) Laundry 
Outbuilding.shp Q2 Function of Outbuilding OUTQ2 d) Storage shed 
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Outbuilding.shp Q2 Function of Outbuilding OUTQ2 e) Barn 
Outbuilding.shp Q2 Function of Outbuilding OUTQ2 f) Other  
Outbuilding.shp Q3 Damage OUTQ3 a) Untouched 
Outbuilding.shp Q3 Damage OUTQ3 b) Superficial 
Outbuilding.shp Q3 Damage OUTQ3 c) Light damage 
Outbuilding.shp Q3 Damage OUTQ3 d) Medium damage 
Outbuilding.shp Q3 Damage OUTQ3 e) Heavy damage 
Outbuilding.shp Q3 Damage OUTQ3 f) Destroyed 
Outbuilding.shp Q3 Damage OUTQ3 g) Other  
Outbuilding.shp Q3 Damage OUTQ3 h) Unknown 
Outbuilding.shp Q4 External Wall Material OUTQ4 a) Timber 
Layer  Caption  Question  Field  Answer 
Outbuilding.shp Q4 External Wall Material OUTQ4 b) Iron 
Outbuilding.shp Q4 External Wall Material OUTQ4 c) Aluminium 
Outbuilding.shp Q4 External Wall Material OUTQ4 d) Cement fibre 
Outbuilding.shp Q4 External Wall Material OUTQ4 e) Brick 
Outbuilding.shp Q4 External Wall Material OUTQ4 f) Other  
Outbuilding.shp Q4 External Wall Material OUTQ4 g) Not applicable 
Outbuilding.shp Q4 External Wall Material OUTQ4 h) Unknown 
Outbuilding.shp Q5 Material of Roof OUTQ5 a) Steel 
Outbuilding.shp Q5 Material of Roof OUTQ5 b) Aluminium 
Outbuilding.shp Q5 Material of Roof OUTQ5 c) Cement fibre 
Outbuilding.shp Q5 Material of Roof OUTQ5 d) Other  
Outbuilding.shp Q5 Material of Roof OUTQ5 e) Not applicable 
Outbuilding.shp Q5 Material of Roof OUTQ5 f) Unknown 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 a) Embers only 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 b) Embers and some radiant heat 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 c) Predominant radiant heat 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 d) Flame contact from bush 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 e) Other 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 f) No direct bushfire attack 
Outbuilding.shp Q6 Bushfire Attack Mechanism OUTQ6 g) Unknown 
Outbuilding.shp Q7 Is there any evidence of outbuilding defence using water? OUTQ7 a) Yes 
Outbuilding.shp Q7 Is there any evidence of outbuilding defence using water? OUTQ7 b) No 
Outbuilding.shp Q8 Was water provided by: OUTQ7B1 a) Mains only 
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Outbuilding.shp Q8 Was water provided by: OUTQ7B1 b) Pump and secondary water source 
Outbuilding.shp Q8 Was water provided by: OUTQ7B1 c) Secondary water source – gravity (no pump) 
Outbuilding.shp Q9 Water apparatus used OUTQ7B2 a) Hoses only 
Outbuilding.shp Q9 Water apparatus used OUTQ7B2 b) Formal spray system 
Outbuilding.shp Q9 Water apparatus used OUTQ7B2 c) Other (please comment) 
Outbuilding.shp Q10 Formal spray system location OUTQ7B3 a) Internal 
Outbuilding.shp Q10 Formal spray system location OUTQ7B3 b) External 
Layer  Caption  Question  Field  Answer 
Outbuilding.shp Q10 Formal spray system location OUTQ7B3 c) Both 
Outbuilding.shp Q11 Spray location details OUTQ7B4 a) On outbuilding 
Outbuilding.shp Q11 Spray location details OUTQ7B4 b) In garden 
Outbuilding.shp Q11 Spray location details OUTQ7B4 c) Both 
Outbuilding.shp Q12 Outbuilding spray location details OUTQ7B5 a) On roof 
Outbuilding.shp Q12 Outbuilding spray location details OUTQ7B5 b) On walls 
Outbuilding.shp Q12 Outbuilding spray location details OUTQ7B5 c) Both 

 
Layer Type of sprinkler detailed 
Layer  Caption  Question  Field  Answer 
Sprinkler.shp Q1 What is the direction of the sprinkler spray? SPRQ1 a) Towards house 
Sprinkler.shp Q1 What is the direction of the sprinkler spray? SPRQ1 b) Away from house 
Sprinkler.shp Q1 What is the direction of the sprinkler spray? SPRQ1 c) Both 
Sprinkler.shp Q1 What is the direction of the sprinkler spray? SPRQ1 d) Unknown 
Sprinkler.shp Q2 What is the type of sprinkler spray? SPRQ2 a) Chopper 
Sprinkler.shp Q2 What is the type of sprinkler spray? SPRQ2 b)  Misting 
Sprinkler.shp Q2 What is the type of sprinkler spray? SPRQ2 c) Spraying 
Sprinkler.shp Q2 What is the type of sprinkler spray? SPRQ2 d) Mixed 
Sprinkler.shp Q2 What is the type of sprinkler spray? SPRQ2 e) Other 
Sprinkler.shp Q2 What is the type of sprinkler spray? SPRQ2 f) Unknown 
Sprinkler.shp Q3 Is the sprinkler thermally activated? SPRQ3 a) All 
Sprinkler.shp Q3 Is the sprinkler thermally activated? SPRQ3 b) None 
Sprinkler.shp Q3 Is the sprinkler thermally activated? SPRQ3 c) Some 
Sprinkler.shp Q3 Is the sprinkler thermally activated? SPRQ3 d) Unknown 
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Layer structure detailed  
Layer  Caption  Question  Field  Answer 
Structure.shp Q1 Most appropriate access for fire vehicles via ... Q1 a)Perimeter Road 
Structure.shp Q1 Most appropriate access for fire vehicles via ... Q1 b)Perimeter Fire Trial 
Structure.shp Q1 Most appropriate access for fire vehicles via ... Q1 c)Perimeter Fire Break 
Structure.shp Q1 Most appropriate access for fire vehicles via ... Q1 d)Battleaxe Lot 
Structure.shp Q1 Most appropriate access for fire vehicles via ... Q1 e)Other 
Structure.shp Q1 Most appropriate access for fire vehicles via ... Q1 f)Unknown 
Structure.shp Q2 House Condition Q2 a)House survived 
Structure.shp Q2 House Condition Q2 b)House destroyed 
Structure.shp Q2 House Condition Q2 c)House destroyed 
Structure.shp Q3 Degree of Damage Q3 a)Untouched 
Structure.shp Q3 Degree of Damage Q3 b)Superficial 
Structure.shp Q3 Degree of Damage Q3 c)Light Damage 
Structure.shp Q3 Degree of Damage Q3 d)Medium Damage 
Structure.shp Q3 Degree of Damage Q3 d)Heavy Damage 
Structure.shp Q3 Degree of Damage Q3 d)Destroyed 
Structure.shp Q3 Degree of Damage Q3 e)Other  
Structure.shp Q3 Degree of Damage Q3 f)Untouched 
Structure.shp Q3 Degree of Damage Q3 g)Unknown 

Structure.shp Q4 
Cause of damage to house - Please select unknown 
if at all uncertain Q4 a)Fire only 

Structure.shp Q4 
Cause of damage to house - Please select unknown 
if at all uncertain Q4 b)Wind only 

Structure.shp Q4 
Cause of damage to house - Please select unknown 
if at all uncertain Q4 c)Fire and wind 

Structure.shp Q4 
Cause of damage to house - Please select unknown 
if at all uncertain Q4 d)Fire damage 

Structure.shp Q4 
Cause of damage to house - Please select unknown 
if at all uncertain Q4 e)Other  

Structure.shp Q4 
Cause of damage to house - Please select unknown 
if at all uncertain Q4 f)Untouched 

Layer  Caption  Question  Field  Answer 
Structure.shp Q4 Cause of damage to house - Please select unknown Q4 g)Unknown 
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if at all uncertain 
Structure.shp Q5 Greatest distance from edge of floor to ground Q5 a)0m (Slab on ground) 
Structure.shp Q5 Greatest distance from edge of floor to ground Q5 b)< 0.6m 
Structure.shp Q5 Greatest distance from edge of floor to ground Q5 c)0.6m to 1.6m 
Structure.shp Q5 Greatest distance from edge of floor to ground Q5 d)> 1.6m 
Structure.shp Q5 Greatest distance from edge of floor to ground Q5 e)Unknown 
Structure.shp Q6 Smallest distance from edge of floor to ground Q6 a)Contacting ground 
Structure.shp Q6 Smallest distance from edge of floor to ground Q6 b)Less then 600 mm 
Structure.shp Q6 Smallest distance from edge of floor to ground Q6 c)600 mm to 1.6 m 
Structure.shp Q6 Smallest distance from edge of floor to ground Q6 d)Greater then 1.6 m 
Structure.shp Q6 Smallest distance from edge of floor to ground Q6 e)Unknown 
Structure.shp Q7 Main material of posts supporting floors Q7 a)Treated pine 
Structure.shp Q7 Main material of posts supporting floors Q7 b)Other timbers 
Structure.shp Q7 Main material of posts supporting floors Q7 c)Concrete stumps 
Structure.shp Q7 Main material of posts supporting floors Q7 d)Steel posts 
Structure.shp Q7 Main material of posts supporting floors Q7 e)Brick piers 
Structure.shp Q7 Main material of posts supporting floors Q7 f)Other  
Structure.shp Q7 Main material of posts supporting floors Q7 g)Slab on ground 
Structure.shp Q7 Main material of posts supporting floors Q7 h)Unknown 
Structure.shp Q8 Material used to enclose underfloor Q8 a)Stump battens 
Structure.shp Q8 Material used to enclose underfloor Q8 b)Cement sheet 
Structure.shp Q8 Material used to enclose underfloor Q8 c)Brick 
Structure.shp Q8 Material used to enclose underfloor Q8 d)Concrete 
Structure.shp Q8 Material used to enclose underfloor Q8 e)Not enclosed 
Structure.shp Q8 Material used to enclose underfloor Q8 f)Other 
Structure.shp Q8 Material used to enclose underfloor Q8 g)Slab 
Structure.shp Q8 Material used to enclose underfloor Q8 h)Unknown 
Structure.shp Q9 Accessibility for fire crews during fire Q9 a)Accessible 
Structure.shp Q9 Accessibility for fire crews during fire Q9 b)Cut off 
Layer  Caption  Question  Field  Answer 
Structure.shp Q9 Accessibility for fire crews during fire Q9 c)Unknown 
Structure.shp Q9 Accessibility for fire crews during fire Q9 d)Other 
Structure.shp Q10 Standard of maintenance Q10 a)Well Maintained 
Structure.shp Q10 Standard of maintenance Q10 b)Poorly Maintained 
Structure.shp Q10 Standard of maintenance Q10 c)Other 
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Structure.shp Q10 Standard of maintenance Q10 d)Unknown 
Structure.shp Q11 Provision of electrical services Q11 a)Above Ground 
Structure.shp Q11 Provision of electrical services Q11 b)Below Ground 
Structure.shp Q11 Provision of electrical services Q11 c)Other 
Structure.shp Q11 Provision of electrical services Q11 d)Unknown 
Structure.shp Q12 Is there Overhanging Foliage Q12 a)Many overhanging trees 
Structure.shp Q12 Is there Overhanging Foliage Q12 b)Some overhanging trees 
Structure.shp Q12 Is there Overhanging Foliage Q12 c)Trees against house 
Structure.shp Q12 Is there Overhanging Foliage Q12 d)Bushes against house 
Structure.shp Q12 Is there Overhanging Foliage Q12 e)Trees and/or bushes against house 

Structure.shp Q12 Is there Overhanging Foliage Q12 
f)No predominant vegetation adjacent to 
house 

Structure.shp Q12 Is there Overhanging Foliage Q12 g)Unknown 

Structure.shp Q13 
Is there a garage under the common roof of the 
structure? Q13 a) Yes 

Structure.shp Q13 
Is there a garage under the common roof of the 
structure? Q13 b) No 

Structure.shp Q13 
Is there a garage under the common roof of the 
structure? Q13 c) Unknown 

Structure.shp Q13_1 
Is the garage ember proof gaps (greater than 
2mm)? Q13_1 a) Yes 

Structure.shp Q13_1 
Is the garage ember proof gaps (greater than 
2mm)? Q13_1 b) No 

Structure.shp Q13_1 Is the garage ember proof gaps (greater than 2mm)? Q13_1 c) Unknown 
Structure.shp Q14 Is there a carport under the common roof of the structure? Q14 a) Yes 
Structure.shp Q14 Is there a carport under the common roof of the structure? Q14 b) No 
Layer  Caption  Question  Field  Answer 

Structure.shp Q14 
Is there a carport under the common roof of the 
structure? Q14 c) Unknown 

Structure.shp Q15 
Is there any evidence of structure defence using 
water? Q15 a) Yes 

Structure.shp Q15 
Is there any evidence of structure defence using 
water? Q15 b) No 

Structure.shp Q15_1 Water provision Q15_1 a) Mains only 
Structure.shp Q15_1 Water provision Q15_1 b) Pump and secondary water source 
Structure.shp Q15_1 Water provision Q15_1 c) Secondary water source - gravity 
Structure.shp Q15_2 Type of apparatus Q15_2 a) Hoses only 
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Structure.shp Q15_2 Type of apparatus Q15_2 b) Formal spray system 
Structure.shp Q15_2 Type of apparatus Q15_2 c) Other 
Structure.shp Q15_2_1 Location of the formal spray system Q15_2_1 a) Internal 
Structure.shp Q15_2_1 Location of the formal spray system Q15_2_1 b) External 
Structure.shp Q15_2_1 Location of the formal spray system Q15_2_1 c) Both 
Structure.shp Q15_2_1_1 Spray location Q15_2_1_1 a) On house 
Structure.shp Q15_2_1_1 Spray location Q15_2_1_1 b) In garden 
Structure.shp Q15_2_1_1 Spray location Q15_2_1_1 c) Both 
Structure.shp Q15_2_1_1_1 Spray location Q15_2111 a) On roof 

Structure.shp 
Q15_2_1_1_
1 Spray location Q15_2111 b) On walls 

Structure.shp 
Q15_2_1_1_
1 Spray location Q15_2111 c) Both 

Structure.shp Q15_2_1_2 Spray type Q15_2_1_2 a) Chopper 
Structure.shp Q15_2_1_2 Spray type Q15_2_1_2 b) Misting 
Structure.shp Q15_2_1_2 Spray type Q15_2_1_2 c) Spraying 
Structure.shp Q15_2_1_2 Spray type Q15_2_1_2 d) Mixed 
Structure.shp Q15_2_1_2 Spray type Q15_2_1_2 e) Other 
Structure.shp Q15_2_1_2 Spray type Q15_2_1_2 f) Unknown 
Structure.shp Q15_2_2 Thermally activated Q15_2_2 a) All 
 
Layer 

  
Caption 

  
Question 

  
Field 

  
Answer 

Structure.shp Q15_2_2 Thermally activated Q15_2_2 b) None 
Structure.shp Q15_2_2 Thermally activated Q15_2_2 c) Some 
Structure.shp Q16 Occupant account of house design provided? Q16 a) Yes 
Structure.shp Q16 Occupant account of house design provided? Q16 b) No 
Structure.shp Q17 Number of functional levels Q17 a)One level 
Structure.shp Q17 Number of functional levels Q17 b)Split single level 
Structure.shp Q17 Number of functional levels Q17 c)Two levels 
Structure.shp Q17 Number of functional levels Q17 d)More than two full levels 
Structure.shp Q17 Number of functional levels Q17 e)Other 
Structure.shp Q17 Number of functional levels Q17 f)Unknown 
Structure.shp Q18 Predominant roof material Q18 a)Metal deck 
Structure.shp Q18 Predominant roof material Q18 b)Corrugated iron 
Structure.shp Q18 Predominant roof material Q18 c)Corrugated cement sheet 
Structure.shp Q18 Predominant roof material Q18 d)Tiles (terracotta 
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Structure.shp Q18 Predominant roof material Q18 e)Metal pseudo tiles 
Structure.shp Q18 Predominant roof material Q18 f)Other 
Structure.shp Q18 Predominant roof material Q18 g)Unknown 
Structure.shp Q19 Roof Profile Q19 a)One slope 
Structure.shp Q19 Roof Profile Q19 b)One ridge 
Structure.shp Q19 Roof Profile Q19 c)One valley 
Structure.shp Q19 Roof Profile Q19 d)Complex ridge 
Structure.shp Q19 Roof Profile Q19 e)Other  
Structure.shp Q19 Roof Profile Q19 f)Unknown 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 a)Timber 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 b)Cellulose cement 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 c)Brick (other than mud brick) 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 d)Mud brick 

Layer  Caption  Question  Field  Answer 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 e)Aluminium siding 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 f)PVC siding 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 g)Other 

Structure.shp Q20 
External wall material (Major Portion of House-
Broad Classifiction) Q20 h)Unknown 

Structure.shp Q21 
External wall material (Major Portion of House-
Narrow Classifiction) Q21 i)Smooth weatherboard (painted) 

Structure.shp Q21 
External wall material (Major Portion of House-
Narrow Classifiction) Q21 ii)Rough-sawn weatherboard 

Structure.shp Q21 
External wall material (Major Portion of House-
Narrow Classifiction) Q21 iii)Treated pine logs 

Structure.shp Q21 
External wall material (Major Portion of House-
Narrow Classifiction) Q21 iv)Other timber 

Structure.shp Q22 
External wall material (Major Portion of House-
Narrower Classification) Q22 i)Cellulose cement  flat sheets 

Structure.shp Q22 
External wall material (Major Portion of House-
Narrower Classification) Q22 ii)Cement  planks 
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Structure.shp Q22 
External wall material (Major Portion of House-
Narrower Classification) Q22 iii)Other 

Structure.shp Q22 
External wall material (Major Portion of House-
Narrower Classification) Q22 iv)Unknown 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 a)Timber 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 b)Cellulose cement 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 c)Brick (other than mud brick) 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 d)Mud brick 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 e)Aluminium siding 

Layer  Caption  Question  Field  Answer 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 f)PVC siding 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 g) Other 

Structure.shp Q23 
External wall material (Minor Portion of House-
Broad Classifiction) Q23 h)Unknown 

Structure.shp Q24 
External wall material (Minor Portion of House- 
Narrower Classification) Q24 i)Smooth weatherboard (painted) 

Structure.shp Q24 
External wall material (Minor Portion of House- 
Narrower Classification) Q24 ii)Rough-sawn weatherboard 

Structure.shp Q24 
External wall material (Minor Portion of House- 
Narrower Classification) Q24 iii)Treated pine logs 

Structure.shp Q24 
External wall material (Minor Portion of House- 
Narrower Classification) Q24 iv)Other timber 

Structure.shp Q25 
External wall material (Minor Portion of House- 
Narrower Classification) Q25 i)Cellulose cement  flat sheets 

Structure.shp Q25 
External wall material (Minor Portion of House- 
Narrower Classification) Q25 ii)Cement  planks 

Structure.shp Q25 
External wall material (Minor Portion of House- 
Narrower Classification) Q25 iii) Other 

Structure.shp Q25 
External wall material (Minor Portion of House- 
Narrower Classification) Q25 iv)Unknown 

Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 a) Embers only 
Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 b) Embers and some radiant heat 
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Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 c) Predominant radiant heat 
Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 d) Flame contact from bush 
Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 e) Other (please comment) 
Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 f) No direct bushfire attack 
Structure.shp Q26 Is there evidence of a bushfire attack mechanism Q26 g) Unknown 

Structure.shp Q27 

Is there any indication of elevated fuels 0.5 to 3m 
high linking the house to wider vegetation within 
50m of the property boundary Q27 a) Yes 

 
Layer  Caption  Question  Field  Answer 

Structure.shp Q27 

Is there any indication of elevated fuels 0.5 to 3m high 
linking the house to wider vegetation within 50m of the 
property boundary Q27 b) No 

Structure.shp Q27 

Is there any indication of elevated fuels 0.5 to 3m high 
linking the house to wider vegetation within 50m of the 
property boundary Q27 c) Unknown/Vegetation Burnt 

 
Layer type of structure opening detailed 
Layer  Caption  Question  Field  Answer 
StructureOpening.shp Q1 Opening Type STOQ1 a) Window 
StructureOpening.shp Q1 Opening Type STOQ1 b) Door 
StructureOpening.shp Q1 Opening Type STOQ1 c) Vent 
StructureOpening.shp Q1 Opening Type STOQ1 d) Skylight 
StructureOpening.shp Q2 Window frame materials STOQ1A1 a) Aluminium 
StructureOpening.shp Q2 Window frame materials STOQ1A1 b) Timber 
StructureOpening.shp Q2 Window frame materials STOQ1A1 c) Steel 
StructureOpening.shp Q2 Window frame materials STOQ1A1 d) Mixed aluminium/timber 
StructureOpening.shp Q2 Window frame materials STOQ1A1 e) Other mixed 
StructureOpening.shp Q2 Window frame materials STOQ1A1 f) Other 
StructureOpening.shp Q2 Window frame materials STOQ1A1 g) Unknown 
StructureOpening.shp Q3 Type of Glass STOQ1A2 a) Toughened 
StructureOpening.shp Q3 Type of Glass STOQ1A2 b) Laminated 
StructureOpening.shp Q3 Type of Glass STOQ1A2 c) Plain 
StructureOpening.shp Q3 Type of Glass STOQ1A2 d) Other (please comment) 
StructureOpening.shp Q3 Type of Glass STOQ1A2 e) Unknown 
StructureOpening.shp Q4 Double Glazing? STOQ1A3 a) Yes 
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StructureOpening.shp Q4 Double Glazing? STOQ1A3 b) No 
StructureOpening.shp Q4 Double Glazing? STOQ1A3 c) Unknown 
StructureOpening.shp Q5 Glazing damage STOQ1A4 a) Glass cracked in place 
StructureOpening.shp Q5 Glazing damage STOQ1A4 b) Glass fallen mainly inside 
     
Layer  Caption  Question  Field  Answer 
StructureOpening.shp Q5 Glazing damage STOQ1A4 c) Glass fallen mainly outside 
StructureOpening.shp Q5 Glazing damage STOQ1A4 d) Glass fallen mainly inside 
StructureOpening.shp Q5 Glazing damage STOQ1A4 e) Glass fallen mainly outside 
StructureOpening.shp Q5 Glazing damage STOQ1A4 f) Glass intact 
StructureOpening.shp Q5 Glazing damage STOQ1A4 g) Other (Please comment) 
StructureOpening.shp Q5 Glazing damage STOQ1A4 h) Unknown 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 a)Embers only 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 b)Embers and some radiant heat 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 c)Predominant radiant heat 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 d)Flame contact from bush 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 e)Other 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 f)  No direct bushfire attack 
StructureOpening.shp Q6 Bushfire attack mechanism on window system STOQ1A5 g)Unknown 
StructureOpening.shp Q7 Protection of window panes STOQ1A6 a) Protected fully 
StructureOpening.shp Q7 Protection of window panes STOQ1A6 b) Opening sash protected only 
StructureOpening.shp Q7 Protection of window panes STOQ1A6 c) Not Protected 
StructureOpening.shp Q8 Protection of Openings - Protection Material STOQ1A7 a) Metal flywire (less than 2mm aperture) 
StructureOpening.shp Q8 Protection of Openings - Protection Material STOQ1A7 b) Fibreglass flywire (less than 2mm aperture) 
StructureOpening.shp Q8 Protection of Openings - Protection Material STOQ1A7 c) Flywire (unknown 
StructureOpening.shp Q8 Protection of Openings - Protection Material STOQ1A7 d) Metal grid (greater than 2mm aperture) 
StructureOpening.shp Q8 Protection of Openings - Protection Material STOQ1A7 c) No Flywire/Grid Panels 
StructureOpening.shp Q9 Window screen position STOQ1A8 a) Outside 
StructureOpening.shp Q9 Window screen position STOQ1A8 b) Inside 
StructureOpening.shp Q9 Window screen position STOQ1A8 c) Outside and inside 
StructureOpening.shp Q9 Window screen position STOQ1A8 d) Unknown 
StructureOpening.shp Q10 Window shutters STOQ1A9 a) Roller shutters 
StructureOpening.shp Q10 Window shutters STOQ1A9 b) Aluminium awnings 
StructureOpening.shp Q10 Window shutters STOQ1A9 c) Other  
StructureOpening.shp Q10 Window shutters STOQ1A9 d) None 
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StructureOpening.shp Q10 Window shutters STOQ1A9 e) Unknown 
Layer  Caption  Question  Field  Answer 
StructureOpening.shp Q11 Door frame material STOQ1B1 a) Aluminium 
StructureOpening.shp Q11 Door frame material STOQ1B1 b) Timber 
StructureOpening.shp Q11 Door frame material STOQ1B1 c) Steel 
StructureOpening.shp Q11 Door frame material STOQ1B1 d) Mixed aluminium/timber 
StructureOpening.shp Q11 Door frame material STOQ1B1 e) Other mixed 
StructureOpening.shp Q11 Door frame material STOQ1B1 f) Other (please comment) 
StructureOpening.shp Q11 Door frame material STOQ1B1 g) Unknown 
StructureOpening.shp Q12 Door material STOQ1B2 a) Solid timber 
StructureOpening.shp Q12 Door material STOQ1B2 b) Timber veneer 
StructureOpening.shp Q12 Door material STOQ1B2 c) Metal 
StructureOpening.shp Q12 Door material STOQ1B2 d) Other (please comment) 
StructureOpening.shp Q12 Door material STOQ1B2 e) Unknown 
StructureOpening.shp Q13 Protection of Openings - Protection Material STOQ1B3 a) Metal flywire (less than 2mm aperture) 
StructureOpening.shp Q13 Protection of Openings - Protection Material STOQ1B3 b) Fibreglass flywire (less than 2mm aperture) 
StructureOpening.shp Q13 Protection of Openings - Protection Material STOQ1B3 c) Flywire (unknown 
StructureOpening.shp Q13 Protection of Openings - Protection Material STOQ1B3 d) Metal grid (greater than 2mm aperture) 
StructureOpening.shp Q14 Does the door contain a glazing element? STOQ1B4 a)Yes 
StructureOpening.shp Q14 Does the door contain a glazing element? STOQ1B4 b)No 
StructureOpening.shp Q15 Protection of Vents - Protection Material STOQ1C1 a) Metal flywire (less than 2mm aperture) 
StructureOpening.shp Q15 Protection of Vents - Protection Material STOQ1C1 b) Fibreglass flywire (less than 2mm aperture) 
StructureOpening.shp Q15 Protection of Vents - Protection Material STOQ1C1 c) Flywire (unknown 
StructureOpening.shp Q15 Protection of Vents - Protection Material STOQ1C1 d) Metal grid (greater than 2mm aperture) 
StructureOpening.shp Q16 External covering material (skylight) STOQ1D1 a) Plastic 
StructureOpening.shp Q16 External covering material (skylight) STOQ1D1 b) Glass 
StructureOpening.shp Q16 External covering material (skylight) STOQ1D1 c) Other 
StructureOpening.shp Q16 External covering material (skylight) STOQ1D1 d) Unknown 
StructureOpening.shp Q17 Type of plastic STOQ1D2 a) Acrylic 
StructureOpening.shp Q17 Type of plastic STOQ1D2 b) Polycarbonate 
StructureOpening.shp Q17 Type of plastic STOQ1D2 c) Other (please comment) 
StructureOpening.shp Q18 Plastic damage STOQ1D3 a) Melted 
Layer  Caption  Question  Field  Answer 
StructureOpening.shp Q18 Plastic damage STOQ1D3 b) Melted 
StructureOpening.shp Q18 Plastic damage STOQ1D3 c) Cracked 
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StructureOpening.shp Q18 Plastic damage STOQ1D3 d) Cracked 
StructureOpening.shp Q18 Plastic damage STOQ1D3 e) None 
StructureOpening.shp Q18 Plastic damage STOQ1D3 f) Other (please comment) 
StructureOpening.shp Q19 Glass type STOQ1D4 a) Plain 
StructureOpening.shp Q19 Glass type STOQ1D4 b) Laminated 
StructureOpening.shp Q19 Glass type STOQ1D4 c) Toughened 
StructureOpening.shp Q19 Glass type STOQ1D4 d) Wired 
StructureOpening.shp Finish null No Field No Answer 

 
Layer type of vegetation detailed 
Layer  Caption  Question  Field  Answer 
Vegetation.shp Q1 Vegetation type VEGQ1 a) Tree 
Vegetation.shp Q1 Vegetation type VEGQ1 b) Bush 
Vegetation.shp Q1 Vegetation type VEGQ1 c) Other (please comment) 
Vegetation.shp Q1 Vegetation type VEGQ1 d) Unknown 
Vegetation.shp Q2 Tree type VEGQ2 a) Eucalypt (rough bark) 
Vegetation.shp Q2 Tree type VEGQ2 b) Eucalypt (stringy bark) 
Vegetation.shp Q2 Tree type VEGQ2 c) Eucalypt (smooth bark) 
Vegetation.shp Q2 Tree type VEGQ2 d) Pine 
Vegetation.shp Q2 Tree type VEGQ2 e) Other 
Vegetation.shp Q2 Tree type VEGQ2 f) Unknown 
Vegetation.shp Q3 How damaged is the vegetation? VEGQ3 a) Mainly Untouched 
Vegetation.shp Q3 How damaged is the vegetation? VEGQ3 b) Canopy Scorched 
Vegetation.shp Q3 How damaged is the vegetation? VEGQ3 c) Most of canopy scorched 
Vegetation.shp Q3 How damaged is the vegetation? VEGQ3 d) Some Crown involvement 
Vegetation.shp Q3 How damaged is the vegetation? VEGQ3 e) Most burnt 
Vegetation.shp Q4 Approximate foliage scorch height No Field No Answer 
Vegetation.shp Q5 Which side is damaged? VEGQ5 a) House side 
Layer  Caption  Question  Field  Answer 
Vegetation.shp Q5 Which side is damaged? VEGQ5 b) Non-house side 
Vegetation.shp Q5 Which side is damaged? VEGQ5 c) Both 
Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 a) Embers only 
Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 b) Embers and some radiant heat 
Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 c) Predominant radiant heat 
Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 d) Flame contact from bush 
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Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 e) Other (please comment) 
Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 f) No direct bushfire attack 
Vegetation.shp Q6 Attack mechanism on this vegetation VEGQ6 g) Unknown 

 
Layer type of water supplies detailed 
Layer  Caption  Question  Field  Answer 

WaterSupplies.shp Q1 
Was this water supply actively used to protect 
structures? WATQ1 a) Yes 

WaterSupplies.shp Q1 
Was this water supply actively used to protect 
structures? WATQ1 b) No 

WaterSupplies.shp Q1 
Was this water supply actively used to protect 
structures? WATQ1 c) Unknown 

WaterSupplies.shp Q2 Type of water supply WATQ2 a) Water tank 
WaterSupplies.shp Q2 Type of water supply WATQ2 b) Dam or Waterbody 
WaterSupplies.shp Q2 Type of water supply WATQ2 c) Swimming Pool 
WaterSupplies.shp Q2 Type of water supply WATQ2 d) Hydrant 

WaterSupplies.shp Q3 
Is there a standardised fire agency approved 
attachment/ WATQ2A1 a) Yes 

WaterSupplies.shp Q3 
Is there a standardised fire agency approved 
attachment/ WATQ2A1 b) No 

WaterSupplies.shp Q3 
Is there a standardised fire agency approved 
attachment/ WATQ2A1 c) Unknown 

WaterSupplies.shp Q4 Nature of other fittings WATQ2A2 a) Plastic 
WaterSupplies.shp Q4 Nature of other fittings WATQ2A2 b) Metal 
WaterSupplies.shp Q4 Nature of other fittings WATQ2A2 c) Unknown 
Layer  Caption  Question  Field  Answer 
WaterSupplies.shp Q4 Nature of other fittings WATQ2A2 d) None 
WaterSupplies.shp Q5 Nature of pipework attached to tank WATQ2A3 a) Plastic 
WaterSupplies.shp Q5 Nature of pipework attached to tank WATQ2A3 b) Metal 
WaterSupplies.shp Q5 Nature of pipework attached to tank WATQ2A3 c) Unknown 
WaterSupplies.shp Q5 Nature of pipework attached to tank WATQ2A3 d) None 
WaterSupplies.shp Q6 Tank Support WATQ2A4 a) Tank on ground 
WaterSupplies.shp Q6 Tank Support WATQ2A4 b) Tank fully buried 
WaterSupplies.shp Q6 Tank Support WATQ2A4 c) Tank partially buried 
WaterSupplies.shp Q6 Tank Support WATQ2A4 d) Tank on stand 
WaterSupplies.shp Q7 Height of tank stand No Field No Answer 
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WaterSupplies.shp Q8 Tank stand material WATQ2A6 a) Treated pine 
WaterSupplies.shp Q8 Tank stand material WATQ2A6 b) Other timbers 
WaterSupplies.shp Q8 Tank stand material WATQ2A6 c) Concrete 
WaterSupplies.shp Q8 Tank stand material WATQ2A6 d) Steel 
WaterSupplies.shp Q8 Tank stand material WATQ2A6 e) Brick 
WaterSupplies.shp Q8 Tank stand material WATQ2A6 f) Other 
WaterSupplies.shp Q8 Tank stand material WATQ2A6 g) Unknown 
WaterSupplies.shp Q9 Material of water tank WATQ2A7 a) Concrete 
WaterSupplies.shp Q9 Material of water tank WATQ2A7 b) Fibreglass 
WaterSupplies.shp Q9 Material of water tank WATQ2A7 c) Polyethelyne 
WaterSupplies.shp Q9 Material of water tank WATQ2A7 d) Steel 
WaterSupplies.shp Q9 Material of water tank WATQ2A7 e) Other 
WaterSupplies.shp Q10 Damage description WATQ2A8 a) Undamaged 
WaterSupplies.shp Q10 Damage description WATQ2A8 b) Some isolated scorching 
WaterSupplies.shp Q10 Damage description WATQ2A8 c) Partially burnt 
WaterSupplies.shp Q10 Damage description WATQ2A8 d) Mostly burnt 
WaterSupplies.shp Q10 Damage description WATQ2A8 e) Ruptured 
WaterSupplies.shp Q10 Damage description WATQ2A8 f) Other 
WaterSupplies.shp Q11 Current level of water supply WATQ3 a) Full 
WaterSupplies.shp Q11 Current level of water supply WATQ3 b) Partial 
Layer  Caption  Question  Field  Answer 
WaterSupplies.shp Q11 Current level of water supply WATQ3 c) Empty 
WaterSupplies.shp Q11 Current level of water supply WATQ3 d) Unknown 
WaterSupplies.shp Q12 Specify capacity in litres No Field No Answer 
WaterSupplies.shp Finish null No Field No Answer 
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APPENDIX C – DATA MANAGEMENT AND RECTIFICATION 

Post-processing tasks include: 

Adding attributed tracking information 

For the purpose of being able to track each data record from the final database to 
the ‘source’ dataset (as downloaded from the Toughbooks) ,we have added three 
extra fields to all dataset.  

 Team 

The team corresponds to a team number as specified by the Bushfire CRC in 
their deployment log (see attached). 

 Rotation 

The rotation field corresponds to a deployment as specified by the Bushfire 
CRC in their deployment log (see attached).  

 ORIG_FID 

ORIG_FID refer to the FID (Feature ID) from the original dataset as is in 
Toughbook and source (Bushfire CRC Server). 

Merging datasets 

There were 59 separate databases at the completion of the survey, each 
database corresponding to a team within a crew rotation. Databases 
underwent a process of merging that involved combining datasets of a 
particular type into a single dataset. 

Mapping versions of datasets  

By rotation 4, we had developed a new version of the ‘site sketcher’ that 
included additional questions to the original survey and was based on 
feedback that we received from crew members and items we identified as 
crucial information for specific fires.  

The databases derived during deployment 2 and 3 underwent a process of 
remapping, which is documented in Appendix C and involved populating the 
newer database structure using the database derived during deployment 2 
and 3.  

Rectification of observed data deficiencies: 

 Copy function failure 

Certain layers such as Vegetation, Structure Opening, Combustible, 
required a user to enter the same answers for multiple items. To 
streamline this process, we created a Copy Function, which allowed 
the user to enter attributes for an item and then copy those attributes 
along multiple locations of the map.  
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As users had to undertake a very specific procedure (after attributes 
entered), at times users would follow an unexpected procedure and 
spatial features would be entered without attributes. These records 
were manually identified (see track log) and by using the tracking 
information, we were able to rectify the problem and populate the 
necessary fields. 

 Duplicate records 

Occasionally, equipment errors led to data files being corrupted – 
these files were recovered using the ShapeFile Corrector Utility. When 
such an error occurred, crews were asked to copy a previous team’s 

database that was available locally and continue collecting data into 
this database.  

 Extracting test and training records 

Test and training records were extracted from the main database and 
copied to a separate layer. Data were extracted based on the date 
and location of the training. The process below describes the exact 
procedure. 

 Extract by date 

Bushfire CRC logs contain information regarding the date each 
team was deployed. The merged database was queried by 
these dates and the relevant records extracted from the 
database. Training normally occurred between 11am–2pm on 
deployment days; the identified records reflect these times. 

 Extract by training location 

Areas where we conducted field training were identified and 
extent polygon boundaries drawn. All items falling within these 
polygons were extracted from the final database and copied 
into a separate database representing the deleted records; see 
track log. 

 Re-editing function failure 

If a crew member saved a data record that he or she later 
decided to change, they would insert a new record in the same 
location and comment in changes to the previous data record. 
These records were identified using a systematic query that 
searched through the database and identified records that 
were populated with only comments. The identified records 
were then audited and rectified. 

Comments made by users 

Large numbers of comments have been made by surveyors 
and need to be addressed case by case. 
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APPENDIX D – DATA DESCRIPTION 

All information was captured in ESRI Shapefile format; please find below an extract 
from the Shapefile Whitepaper describing the format. 
 
‘A shapefile stores non-topological geometry and attribute information for the spatial features 
in a dataset. The geometry for a feature is stored as a shape comprising a set of vector 
coordinates… Shapefiles can support point, line, and area features. Area features are 
represented as closed loop, double-digitized polygons. Attributes are held in a dBASE® format 
file. Each attribute record has a one-to-one relationship with the associated shape record.’ 
 
http://www.esri.com/library/whitepapers/pdfs/shapefile.pdf 
 
Data captured during the surveys included all three vector formats – point, polyline 
and polygon. Each set of vectors contains a corresponding record in a DBF table 
which is described in the table below. 
 
All captured vector data was digitised from pre-bushfire aerial imagery that had been 
spatially referenced to the GCS coordinate system in the GDA94_Zone 55 grid. The 
process of digitising from the map involved sketching on the Toughbook touch screen 
the geometry that was automatically captured within the above-mentioned coordinate 
system. 
 

Point 
Points are a single set of x and y coordinates representing the centroid of an 
object. Points were captured by placing a point over an object. 
 
Polyline 
Polylines are a set of x and y coordinates representing the vertices of a 
polyline. Polylines were captured by marking vertices of an object. 
 
Polygon 
Polygons are a set of x and y coordinates representing the vertices of a 
polygon boundary. Polygons were captured by marking vertices of an object. 

 
 
Name Type Capture method 
Structure Point Centroid of buildings 
Structure opening Point Approx. locations of openings 
Attachment Point Approx. location of attachments 
Outbuilding Point Centroid of outbuildings 
Combustible Point Centroid of combustible objects 
Barrier Polyline Line representing the bird’s-eye view of a barrier 
Vegetation Point Centroid of tree 
Groundcover Polygon Polygon representing the bird’s-eye view of a groundcover 
Sprinklers Point Centroids of sprinklers 
Water supplies Point Centroids of water supplies 
Wind direction Line Line representing a direction, as a vector. 
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Appendix E – Survey house per locality 

This information was extracted from a dataset prior to data rectification (hence some 
errors or duplicates may be included) 

Table 55 Summary of surveyed houses per locality for the Kilmore East fire 

Locality 

% Houses 
surveyed/houses 
in fire perimeter 

Number of 
houses 

surveyed 

Total houses in 
fire perimeter 

(Nexis)* 

Fatalities 
(Victorian 

Police) 
Arthurs Creek 29% 2 7 2 
Castella 2% 2 108  
Christmas 
Hills 62% 13 21  
Chum Creek 2% 4 232  
Clonbinane 8% 12 157 1 
Dixons Creek 1% 1 90  
Flowerdale 30% 36 119 2 
Glenburn 3% 4 123  
Hazeldene 29% 116 395 10 
Humevale 84% 51 61 6 
Kinglake 18% 135 744 38 
Kinglake 
Central 26% 53 205  
Kinglake West 29% 144 490 4 
Pheasant 
Creek 11% 15 132  
St Andrews 23% 26 111 12 
Steels Creek 51% 65 128 10 
Strath Creek 2% 1 44 1 
Strathewen 60% 48 80 27 
Tarrawarra 6% 1 16  
Whittlesea 15% 3 20 2 
Yarra Glen 61% 51 83 1 
Other 
localities 0% 0 583 5 
Total 20% 783 3949 121 
* Based on Nexis database (total houses by locality, in the fire perimeter) 
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Table 56 Summary of surveyed houses per locality in the Murrindindi fire 

Locality 

% Houses 
surveyed/houses 
in fire perimeter 

Number of 
houses 

surveyed 

Total houses 
in fire 

perimeter 
(Nexis)* 

Fatalities 
(Victorian 

Police) 
Buxton 0% 0 358  
Limestone 0% 0 1  
Marysville 35% 162 464 34 
Murrindindi 0% 0 16  
Narbethong 20% 27 135 4 
Taggerty 0% 0 142  
Whanregarwe
n 0% 0 1  
Total 17% 189 1117 38 
* Based on Nexis database (total houses by locality, in the fire perimeter) 
 

Table 57 Summary of surveyed houses per locality in the Churchill fire 

Locality 

% Houses 
surveyed/houses 
in fire perimeter 

Number of 
houses 
surveyed 

Total 
houses in 
fire 
perimeter 
(Nexis)* Fatalities 

Callignee 65% 83 128  
Churchill 100% 1 1 11 
Hazelwood 
South 65% 22 34  
Jeeralang 57% 8 14  
Koornalla 81% 25 31  
Traralgon 
South 10% 5 50  
Other 
localities 0% 0 86  

* Based on Nexis database (total houses by locality, in the fire perimeter) 
 

Table 58 Summary of surveyed houses per localities in the Maiden Gully fire 

Locality 

% Houses 
surveyed/hou
ses in fire 
perimeter 

Number of 
houses 
surveyed 

Total 
houses in 
fire 
perimeter 
(Nexis)* Fatalities 

California 
Gully 4% 1 26  
Golden 
Square 0% 0 1  
Ironbark 20% 1 5  
Long Gully 56% 45 81 1 
Maiden 
Gully 71% 24 34  
West 
Bendigo 25% 17 68  
Total 41% 88   

 
* 14 houses were surveyed in the Bunyip area out of 231 houses in the fire perimeter 
(Nexis). 
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APPENDIX F - KILMORE EAST FIRE (WONDONG, KINGLAKE, STRATHEWEN, CLONBINANE, FLOWERDALE)  

Summary of map provided: 

Map 1 Fire Perimeter 
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Map F1 Houses surveyed and houses exposed (Nexis) 
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Map F2a Degree of damage to the house Kilmore East (north region) 

  

 

(Map not available) 
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 Map F2b Degree of damage to the house Kilmore East (south region) 
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Map F3a Likely cause of damage to the house (fire and wind) Kilmore East (south region) 
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Map F3b Likely cause of damage to the house (fire and wind) Kilmore East (south region) 
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Map F4a House status interpreted from aerial picture Kilmore East (north region) 
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Map F4b House status interpreted from aerial picture Kilmore East (south region) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 3 | Page 154 
Building & Land Use Planning – October 2009 – Final Report 

 

Map F5a Wildfire management overlays and house damaged Kilmore East (north region) 
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Map F5b Wildfire management overlays and house damaged Kilmore East (south region) 
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Map F6 Forest cover ( from LiDAR ) 
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APPENDIX G - MURRINDIDI FIRE (MARYSVILLE, NABERTHONG, BUXTON, TAGGERTY)  

 

Map G1 Houses surveyed and houses exposed (Nexis) 
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Map G2 Degree of damage to the house Murrundindi 
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Map G3 Likely cause of damage to the house (fire and wind) Murrindindi Region 
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Map G4 House status interpreted from aerial picture Murrindindi Region 
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Map G5 Wildfire management overlays and house damaged Murrindindi Region 
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Map G6 Forest cover ( from LiDAR ) Murrindindi 
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Map G7 Example of outbuilding Murrindindi Region (Marysville) 
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APPENDIX H – CHURCHILL FIRE 

Summary of maps provided: 

Map H1 Houses surveyed and houses exposed (Nexis) 
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Map H2 Degree of damage to the house Churchill 
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Map H3 Likely cause of damage to the house (fire and wind) Churchill  
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Map H4 House status interpreted from aerial picture Churchill 
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Map H5 Wildfire management overlays and house damaged Churchill 
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APPENDIX I – BUNYIP FIRE 

Summary of maps provided: 

Map I1 Houses surveyed and houses exposed (Nexis) 
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Map I2 Degree of damage to the house Bunyip 
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Map I3 Likely cause of damage to the house (fire and wind) Bunyip 
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Map I4 House status interpreted from aerial photography Bunyip 
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Map I5 Wildfire management overlays and house damaged Bunyip 
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APPENDIX J – MAIDEN GULLY (BENDIGO) FIRE 

Summary of maps provided: 

Map J1 Houses surveyed and houses exposed (Nexis) 
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Map J2 Degree of damage to the house Maiden Gully 
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Map J3 Likely cause of damage to the house (fire and wind) Maiden Gully 
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Map J4 House status interpreted from aerial picture Maiden Gully 
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Map J5 Wildfire management overlays and house damaged 
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TRANSCRIPT OF PROCEEDINGS  

The attached transcript, while an accurate recording of evidence given in the course of the 
hearing day, is not proofread prior to circulation and thus may contain minor errors.  

 2009 VICTORIAN BUSHFIRES ROYAL COMMISSION  

MELBOURNE  

TUESDAY 1 SEPTEMBER 2009 (43rd day of hearing)  

BEFORE: THE HONOURABLE B. TEAGUE AO -Chairman MR R. MCLEOD AM -
Commissioner MS S. PASCOE AM -Commissioner  

[Key: BOLD- Justin Leonard; non-bold – Others] 

MS RICHARDS: If I can move now to a different report, the interim report prepared by the 
Bushfire CRC which was tendered some time ago. It is exhibit 126. The document number is 
(CRC.300.001.0001_R). I would like to go straight to part 3 of that report which commences 
at page 0117_R, or actually 118 is probably the best page to go to. Mr Leonard, during the 
last hearing block the interim report of the Bushfire CRC was tendered in evidence. We have 
already heard from Professor Handmer, who was the lead author of the human behaviour 
part, although not specifically in relation to the contents of this report. Just by way of 
introduction, there are three major parts to the report, are there not? There's a part dealing 
with fire behaviour, there's a part dealing with human behaviour and there is a part dealing 
with building and land use planning ?  

That's correct. I think there is also a smaller part that deals with demographics and 
there is a reference to integrative studies that are under way?  

Yes, and each of those sections was managed by a different group that conferred in an 
ongoing way. You were part of the group that prepared the building and land use planning 
part of the report, part 3?  

That's correct. 

 In fact you are identified as the lead author of that report or that part of the report?  

Yes, and I coordinated the post bushfire survey effort with respect to this area as well.  

What I would like to do with you with what remains of the morning session is to ask you to 
take us through part 3 of the report reasonably briskly, starting with the methodology that 
was adopted which we see at page 0140_R?  

So we were tasked with collecting all the relevant time-sensitive data that was feasible 
with regard to building and planning related issues. So our approach was twofold. 
One was to quickly ascertain the degree or the range of remote sensing data that 
could be found pre and post bushfire. That's visual aerial imagery and LiDAR, which 
is like a ranging, scanning radar from the sky that finds the ground surface and also 
the scatter or the back scatter from vegetated environment and the built environment. 
So that helps us locate those types of objects and qualify the types of vegetation in 
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the landscape in a broad scale sense. Combining the two together gives us visual and 
spatial information that helps us determine perimeters of forests, whether we have 
bare earth or grassland surfaces and where building envelopes may reside. In 
considering that type of data it makes our field data collection efforts far less onerous 
because we can rely on not having to collect those bodies of information in a spatial 
sense when we are out in the field. So our other key approach is to send surveyors 
out in the field and to collect spatially relevant data. So, for example, they would go 
out, locate individual houses, identify where they are in the landscape, attribute that 
house with a whole range of observed details like construction type, status of 
structure, whether it was burnt or damaged or untouched, all of the relevant building 
details, and then look at all of the other elements around the house or evidence of 
those other elements, reconfirming its proximity to vegetation types and bring all that 
back as a complete spatial dataset that can be navigated through readily when you 
have brought the data back to one location.  

So in the field survey there was literally a survey, was there not, with a set of questions for 
each building you looked at?  

That's right, except that rather than use the approach that's been taken in past 
bushfires where we actually physically go out with a set of questions that we answer 
through a tick box approach, we actually went out with computers, touchscreen 
computers in the field with spatial referencing software on them and physically added 
objects in the landscape; like, here is a tree, here is a house, here is a pile of wood, 
here is a gas bottle, and its status is this, this and this. So you actually more or less 
can recreate the 3D environment that the people went out and collect the data on. So 
it is a much higher level of data quality and thus provides a much greater capacity to 
review and analyse it in relation to the spatial arrangements of objects and the way 
that played out in the real bushfire scenario.  

And clearly has the benefit of immediate data entry rather than it having to occur in an office 
some time later on?  

Certainly. So the data capture of this magnitude involving well over a thousand 
houses, that dataset was able to be compiled in a much shorter timeframe because 
the demands for post-processing were far less. You say at 5.1.2 that the surveys were 
carried out between February, so at a time when the fires were still burning, through 
to 24 April.  

What areas were surveyed? 

There are a number of fire perimeters that we identify in the report later on. Can I just 
maybe find the relevant table. It certainly involved the Kinglake-Murrindindi complex. I 
should speak authoritatively off the actual --Please take your time to find the part you are 
looking for? So the Churchill fire complex; the Kinglake-Murrindindi, which were 
combined; Maiden Valley, which is in the Bendigo region; Bunyip; and Churchill.  

So there was field data capture, and you describe in the report exactly how that was done. 
Then you have also mentioned the remote sensing. There were three specific areas that you 
concentrated on, were there not, that are set out in a map on page 0148 or page 31 of the 
chapter? The three regions? Yes? This was in reference to a more detailed study area 
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for which we provide examples of how remote sensing can be used in a detailed 
analysis approach. There was Pine Ridge Road, which was an iconic area of high loss 
where intimate flame attack had occurred on a number of structures and there was 
interesting surface topography and proximity between forest and structures in that 
area.  

And that's the small red rectangle in the middle of the larger green one? That's right. And 
then obviously the larger Kinglake region is an area of specific interest involving a 
significant number of house loss within that perimeter, and of course Marysville being 
another significant area of focus. So this approach here is more of a demonstration 
study to show the potential value of remote sensing data analysis and approaches 
and its potential integration with the types of survey data collection we also pursued.  

There were some other sources of information that you took into account which you have 
listed at part 5.3, other spatial datasets, so at page 44 of the report, CRC page 0161?  

So there's a whole range of spatial and non-spatial data that can also be combined. 
Obviously observations of human behaviour and their role around specific buildings 
has been demonstrated in past fire surveys, that the human behaviour or human 
interaction around the house has a profound influence on its survivability. Obviously 
the weather conditions, which in fact is a spatial variable because weather intensity 
varies in both time and space throughout the fire events. It would be fair to say that 
each of the fire perimeters experienced quite a different localised fire weather 
intensity within them. Obviously the resultant fire behaviour which is a combination of 
fire weather terrain, vegetation type et cetera that all occur in a spatial sense, and 
that's a key area where we can draw on other data capture and other survey efforts 
and combine them with these.  

As I read the report, those other spatial datasets are not really complete yet, particularly the 
human behaviour and the fire behaviour sets which were works in progress at the time that 
you were preparing this part of the report? That's right. So in preparing this part of the 
report our major priority was to assemble the data in a state that was analysable, 
which took up most of the time period from data capture through to the time the 
report was finalised, and we had a very narrow window to actually perform some 
analyses and some demonstration, and that was of the order of two weeks, which we 
have provided in this report as well as the description of the data. The human 
behaviour, the weather conditions and the fire behaviour were also still under 
development. So we didn't get the opportunity to integrate in a major sense these 
other datasets into ours. So there are a few examples where we have taken human 
behaviour accounts of some 200-odd samples and shown how they can be effectively 
combined to reveal a lot more valuable outputs and observations.  

All right. Taking due account of the lack of technical knowledge in your audience, can you 
explain broadly how you set about analysing the data that you had in the time that you had 
available?  

   
So in terms of data analysis there are a number of ways that we can create 
comparisons. A key one is through cross-tabulation. So you can look at something as 
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simple as the status of the house, whether it has burnt down, whether it is completely 
untouched or whether it has some degree of damage, and its correlation to another 
factor like the type of windows it may have, its proximity to bushland or the type of 
building material that's used on its facade. In a step by step you can cross-tabulate 
each of those events. Now, it becomes more complex to cross-tabulate three 
variables instead of just two. But it is really just a case of looking for statistically 
relevant correlations between various factors to verify either the theories we have or 
to reveal new correlations that are quite statistically profound that lead us in new 
directions in trying to understand what actually played out in these approaches. 

 So a high correlation between two or three different variables might highlight an area for 
closer inquiry because of course correlation does not equal a causal relationship?  

That's right. We have to build up a greater theory. You might have a relationship like 
overhanging trees and a proliferation of building loss. The specific reason why the 
overhanging tree caused the loss might not be immediately obvious. It might be 
individual trees or it might be a lot of trees overhanging. It may be something like the 
proliferation of leaf debris around the house is the main driver, it might be a role of 
the trees regularly falling on the houses or it might be the radiation or flame contact 
the trees produce to the house or it might be a combination of all those things. So it 
certainly identifies key areas to drill down and start petitioning the datasets up into 
finer parts. So we might then break that dataset up into trees that were in isolation 
and trees that were highly prolific in overhanging the house and then see if there is 
still a correlation or whether the correlation is predominantly in one of those datasets.  

Am I right in the conclusion I have reached in reaching your report that you are really at a 
very preliminary stage in identifying those interesting correlations? Yes. But some of them 
you have set out in the section headed "Results", part of this chapter? That's right, and 
really the intent of producing the results section is to take the reader through a 
sample of the breadth of analysis that could be drawn from this dataset rather than to 
make clear and definitive observations as to what the dataset is revealing. In many 
cases we have only analysed a limited number of surveyed houses where it could be 
much larger, and in many cases we have only obviously compared a few isolated 
examples of their components rather than considering much larger datasets that 
would give us a far more comprehensive understanding of any of those individual 
factors.  

On the understanding that these are preliminary results, can you take us through them one 
by one, I think starting with 7.2, "Summary of house damage for all the fires"?In relation to 
each, if you could identify the particular finding or preliminary finding or correlation that you 
have identified that's worthy of comment?  

I guess the first overview is to look at each of the different fire perimeters and see 
whether there is a significantly different ratio of destroyed, partly damaged or 
untouched structures, because this provides a potentially valuable insight into the 
intensity of a fire in a given fire area or the vulnerability of the built assets in those 
areas or a combination of the two. The relative percentages are actually quite variable 
throughout those fire perimeters in table 9. Which I think is on the next page from the 
one that's on the screen? Where we can take something like the Bunyip fire where 29 
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per cent of the surveyed houses were destroyed as opposed to 57 per cent that were 
untouched. These are a representative sample of the houses rather than all the 
houses that were surveyed in any of these fire scars. Because we go out and try to 
select a representative area, it is only attempting to mimic the overall proportions that 
you might find in any given fire. In fact later on there's been other attempts to 
understand destroyed houses versus not destroyed houses from a spatial 
reconciliation approach where you could actually make a determination of all the 
houses within these fire perimeters rather than a representative sample that this 
report provides. So if we take something like the Murrindindi, compare Bunyip to 
Murrindindi, we have 75 per cent of houses lost as compared to three houses 
survived. So that is suggesting a far more extensive and prolific loss in that area. That 
is obviously driven by the fact that we may have losses within that fire perimeter that 
represented something like Marysville.  

Under 7.2.1 you deal with the degree of damage to the house?  

Yes. In our survey approach we tried to specify specifically the degree of damage, and 
that can vary from obviously destroyed to heavily damaged, which is where the 
effects of fire have entered the structure but have managed to be stopped. So you 
would expect that category to be relatively low in its representation, or be in an area 
where there is a high degree of human activity. We are looking at table 11; is that right? 
That's right. Table 11. Then we have medium damage, which is more of an extensive 
external exposure that hasn't entered the structure; light damage; and then 
superficial, where you might have a few burn marks or what-not; and untouched 
meaning absolutely no evidence of fire effects in that area.  

As I read this table, it is consistent with what you have told us earlier, that the tendency is for 
either a house not to catch fire or to be destroyed completely and there is very little in 
between?  

That's right. So we tend to invariably find in fires to get a lot of untouched and 
superficially damaged structures, relatively few medium and heavily damaged 
structures and then a significant number of completely destroyed.  

Then likely cause of damage over the page at 7.2.2?  

Because wind has a potential to play a role in all fire events, it is very important to 
identify whether fire was the causal approach, whether wind on its own was a causal 
approach or whether it was clearly a combination of the two. What's particularly clear 
in this work is that 13 per cent of the surveyed structures were identified as being a 
combination of fire and wind. In fact we found four cases in our survey effort where a 
house was damaged purely by wind, like, it was compromising of its structure by 
wind alone, where the fire effects weren't prevalent in the area but it was within the 
fire perimeter; it was just that fire wasn't particularly active within that specific 
location. So this is unusually high. I think it appears to be typical of an event under 
such a high fire whether intensity where the wind effect starts to become a very 
dominant factor in itself.  

The next, at 7.2.3 on page 56, you deal with identified mechanisms of bushfire attack. As I 
read this part, the significant preliminary finding is that there is a much lower proportion of 
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ember-only attack as compared with the other attack mechanisms that are listed there when 
compared with previous fires?  

Yes, that's right. So direct bushfire attack is relatively high at around 21 per cent. 
There appears to be a lot of interaction from secondary objects around the house 
through flame contact from surrounding bush or isolated features, some radiant heat 
and the combination of embers and radiant heat. It may also be a feature of the fact 
that we combine embers -the way we combine categories in the past, but it is clear 
that radiant heat and the interaction of other objects around the house has moved up 
in its dominance in what appears to be coming out in the surveys.  

If we could move to 7.3, which is on page 60 of the report, "Characteristic of house design 
and material". In this part of the report you go through various characteristics of house 
design, materials used and do some preliminary analysis of the correlation between the 
design feature or the material and the survival of the house?  

Sure. So what we are attempting to illuminate in this section is the probability of 
embers entering into the structure through gaps, the probability of ember ignition 
against the envelope, the probability of ignition from radiant heat and flame, those key 
mechanisms that we have discussed previously, and to potentially cross-correlate 
those with obvious and not so obvious building design features that may then reveal 
a susceptibility or lead us to further investigation within the dataset.  

The first one was perhaps a not very obvious one, was the correlation between the number 
of storeys and building survival. What did you find there?  

Because a lot of features like whether you have one, two or more storeys is a 
constant question to ask, it is important to either show that there is a correlation or in 
fact that there isn't. There's not a huge correlation. I guess a higher proportion of 
houses with one storey were destroyed compared to houses with two storey. This 
may simply be an expression of house age rather than the number of storeys, as it 
would be fair to suggest that older houses in the region are more likely to be single 
storey. So it is sort of a case where we see correlations but in fact we have to go 
further to either find whether it is in fact single storeys are more susceptible than two, 
which we don't have many plausible theories on, and as to whether there are other 
features for which the number of storeys, for example, express in other areas. 

 The next one you deal with at 7.3.2 is flooring systems, where I think it is fair to say the 
findings are very preliminary. What were you able to draw out of the correlations that you did 
here, or the analysis that you did here?  

So what we found that we had a reasonable representative sample of slab-on-ground 
versus floors that were supported by various types of stumps and timbers. In terms of 
the destroyed -- If you could just give us a hint which table you are referring to, that will help 
the operator to get the right one on screen?  

"Main materials supporting floors", table 18. I guess because we haven't made any 
relevant comment as to what that correlation reveals, we haven't found there is any 
sort of reason to comment on that as yet.  
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Next is 7.3.3, "External wall materials", and there are some interesting findings that emerge 
from this part of your analysis?-- 

Yes, I guess external wall materials are sort of one of those features of a house that 
people relate to and try to develop theories on whether it has or hasn't an effect. Past 
bushfires of some fires have inferred there isn't a great correlation between 
survivability and wall material type. But in this preliminary finding we are actually 
seeing a significant correlation where brick construction has performed significantly 
better than lighter-weight construction approaches like cellulose cement or timber-
clad houses which also tend to be raised floor type construction style houses. So 
there's obviously more to -like, brick houses also tend to be slab-on-ground 
construction, which has less vulnerable floor systems. So there may be a reasonable 
correlation between the performance of the facade and its floor system combined to 
produce a greater outcome for that construction type.  

Then 7.3.4, "Roofs", on the next page. What were the preliminary findings in relation to 
roofs?  

Once again we haven't made any direct reference to an observed correlation from 
these statistics, suggesting that there isn't a strong statistical driver. I guess in the 
past we observed that the complexity of roofs plays a role, and there may be a 
correlation here but we haven't obviously had time to review the report -review the 
stats and write the necessary observations.  

You then go on to deal with windows at part 7.3.5. I understand what you say there, that 
that's something that you have left for future analysis?  

That's right. There's a significant number of variables because in a window system 
you have a combination of glass type and framing material type. Because windows 
break through a radiant heat threshold approach, it is important to start categorising 
the structures in potential or expected exposure that they would have received and 
then to analyse those subcategories. So you take the houses that are likely to receive 
flame contact or a high degree of radiant heat, review the window, whether there is a 
window correlation in that and then move down through the process; otherwise we 
would end up having a large number of houses that were subject to less than 12.5 
kilowatts of radiant heat exposure in our sample simply creating noise and undue 
variability and making it more difficult to find any statistical significance.  

Then the last one in terms of design and materials is deck and verandah. Were you able to 
draw any preliminary conclusions under that heading?  

I guess we found a large number of combustible decks. So we had a really good 
sample size for those types, and we found plenty of examples of ignitions of those 
deck materials. Ideally it would be appropriate to look at the decking material, the 
decking type and the proliferation of observed ignition points on those. But, because 
we only correlated these between destroyed and undestroyed houses, it is not the 
appropriate time to draw out observed conclusions from that. Then 7.4 deals with 
damage to outbuildings, and there's a preliminary indication that sheds have a 
slightly higher likelihood of loss as compared to a house. Some possible reasons for 
that present themselves; that houses are more likely to be defended than sheds.  
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There may be other reasons?  

For instance, the degree of tightness or weather tightness a house is likely to be built 
with compared to a shed and the likely inference that that has for its performance 
against ember attack and other effects, other fire effects.  

Then part 7.5, vegetation around the house has revealed some interesting preliminary 
findings?— 

I guess this is where we observed correlations between overhanging trees, the 
presence of overhanging trees and the likelihood of loss, and that would be a key area 
to drill down into as to what the specific drivers are. That's a point I covered as an 
example a bit earlier.  

Then 7.6, protection measures, water supply. There is a finding here that there is a strong 
correlation between house destruction and lack of active water defence which I take it didn't 
challenge earlier learnings on that subject?  

You could imagine that identified use of water as a defence mechanism also infers 
that there was human defence active either before, during or after the fire event and, 
that being the single biggest influencer of house survival in past bushfires, it is no 
surprise to find it being a consistent driver here also.  

At 7.6.1 you deal with type of water supply. I won't take you to that. If we could go to 7.6.2, 
water storage, which is essentially the type of material that tanks are made of?  

Yes, we collected this type of data to start to comprehend the reliability of the water 
source, the size, the particular type of containment of water that may have been used 
to defend, and I guess some of the clear observations was the performance of 
different type of water tank material types. Concrete and steel proved to be relatively 
good performers, whereas fibreglass and polyethylene tanks readily failed in a lot of 
cases. I guess that correlates well with our experimental work on tank performance 
that we have performed in the past as well that showed that polyethylene tanks in 
complete isolation with no other fuel sources around them can actually hold water, 
but may melt or burn down to the waterline, but if any other fuel materials reside near 
the tank like a shed or some stored combustible material or in fact another tank, then 
it is likely that they will burn and fail, completely rupture and lose their ability to hold 
water. 

In part 7.6.4 you deal with sprinkler systems, and there is I think a potentially interesting 
correlation that emerges from this data?  

Yes, obviously the use of active spray systems around the house had a reasonable 
correlation with house survival, even despite the fact that it was observed that pump 
failure or a means for pressurising those systems failed at some point during the fire 
exposure. 

 I guess it is fair to suggest that somebody that's gone to the point of installing a spray 
protection system or a sprinkler system is also likely to be the same type of person that has 
addressed many other risk mitigation features around their building. This, as you point out on 
page 82, is a very rough correlation. There's been no analysis of whether the sprinkler 
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systems were in fact activated. It is just a correlation between the presence of sprinkler 
systems and the survival of the house?  

That's right. So it would be really useful to segregate the ones that were effectively 
activated and the ones that weren't, and then to drill deeper down into that data.  

7.7, dealing with accessibility, which I understand to be accessibility for emergency vehicles, 
and under that heading you find no correlation between house accessibility and the 
likelihood of house damage?  

That's right. Given that accessibility is a potential indicator of whether fire appliances 
can reach the building itself, there are just not enough examples where the interaction 
of fire trucks and houses were to overcome the variability of the dataset. 

Then land use planning, 7.8, starting on page 85, what you have done here is look at the 
extent of house loss and compared where the houses are with where the wildfire 
management overlays are. What are your results?  

We were able to attain an understanding of where wildfire management overlay areas 
were declared throughout the fire-affected regions. So we were able to map the 
number of destroyed houses that we had surveyed in relation to whether they resided 
within a wildfire management overlay or did not. We found that more houses actually 
burnt down that were not in a wildfire management overlay compared to ones that 
were. 

You give a figure of 58 per cent of all surveyed structures were not within a wildfire 
management overlay?— 

That's right.  

59 per cent of the surveyed structures that were damaged or destroyed were not within a 
wildfire management overlay?  

Mm-hm. It is interesting to sort of go on to assess the observations that losses 
occurred. In our surveys we have a preliminary figure of something like 400 metres for 
which houses appeared to be lost from typical bushfire type vegetation. So that gives 
an inference that it is not just about an intimate relationship between sources of fuel 
and buildings, but in fact the effects of fire playing over a significant distance in the 
landscape. So this is part 7.8 that you are referring to?  

That's right. House lost as a function of distance from vegetation. You refer in the first 
paragraph there to the Ahern and Chladil study that has studied the penetration of 
fires into urban areas and has come up with the figure of 85 per cent of house losses 
occur within 100 metres of continuous vegetation.  

As I read this part of the report and probably the next part, part 7.9, your preliminary results 
suggest that there may be a need to go back and have a another look at that figure?  

I think what appears to be occurring is the dataset that Ahern and Chladil considered 
was the representative dataset of fires up to that time, 1999, and their assessment 
appears to be quite reasonable from that dataset. Since that time there have been 
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fires of lesser severity and fires of greater severity. What appears to be the case is 
that, as fire severity driven by fire weather severity increases, then the distance for 
which the fire effects are reaching and causing loss are greater. So we might need to 
be considerate of the fact that, if we are planning for a higher-intensity fire event, we 
need to think about provisions for the performance of houses at a greater distance 
from conventional bush.  

So if you take 85 per cent as the acceptable level of risk, it might be that that 85 per cent 
figure requires a longer distance?  

That's correct.  

COMMISSIONER McLEOD: Would that be likely to be as a result of influence of fire caused 
by embers?  

Because the predominant amount of loss is in the absence of firefront interaction and 
flames and radiant heat anyway, it is given that these observations are mainly driven 
by the effects of embers and the follow-on effects of those. So it is reasonable to say 
that increased fire weather intensity or wind is one of the key drivers in defining fire 
weather intensity, is transporting ember attack, embers further and having them 
cause more damage at a greater distance from their sources under these higher-
intensity conditions. 

MS RICHARDS: You have done a detailed analysis in part 7.9 of the report using the remote 
sensing results of the relationship between house distance to vegetation and what happened 
to the houses. This does appear to be a more detailed analysis than some parts of the 
report. Can you summarise what you have been able to draw from your analysis so far?  

Probably one of the most interesting observations is in the graph on page 90, at the 
top of page 90. It is actually the result of using remote sensing analysis and the 
physical distance between the housing envelope and a classified region of vegetation, 
in this case of forest, and what it shows is how the percentage of burnt structures 
declines as a function of distance from the forest itself. Within that graph we have 
looked at whether it is distance from any part of the forest or distance from forest 
where we have removed half a hectare isolated islands of forest or one hectare 
islands of forest.  

The light blue line is with the half hectare isolated areas removed and the dark blue line is 
with the one hectare areas removed?  

That's right. It appears to try and demonstrate whether it is large continuous forest 
areas that are producing the impact or whether it is a combination of small isolated 
forest and large pieces of forest that are causing the effect. In each case we have got 
a steady decline, but what is clear is that out to 100 metres we have still got a fairly 
high percentage of burnt structures. So these graphs are quite revealing in comparing 
back to the Ahern and Chladil observations to say that 85 per cent of the loss is more 
or less confined to the 100-metre range. This is showing that there is still a high 
percentage of structural failure well past the 100 metres.  
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COMMISSIONER McLEOD: Any interpretation of the blip in the bottom line in the middle of 
the graph, why it would increase and then decrease in the middle of that profile?  

It is more of a statistical anomaly because we need to analyse a larger and larger 
region to get a cleaner correlation. It simply reveals that there is probably not enough 
data examples in that area that we get -where we have received an anomaly. It is a 
reasonable demonstration of the power of this type of spatial analysis, though, in 
informing our trends and approaches.  

CHAIRMAN: This may be an appropriate time. MS RICHARDS: Yes. I should be able to 
finish off Mr Leonard in about 10 minutes, if we could do that immediately after the break. I 
just want to ask him about future work. CHAIRMAN: Okay. We will resume with Mr Leonard, 
although do we know the position in relation to questioning?  

 MS RICHARDS: I have had no indication that anybody wants to ask him about that report. 
CHAIRMAN: That gives us a better idea. Thank you.  

MS RICHARDS: Mr Leonard, before I take you to questions of future work, there is just one 
issue I would like to clear up about land use planning which is in part 7.8 of part .  

You spoke about a finding that some 59 per cent of surveyed structures that were damaged 
or destroyed were not in a wildfire management overlay, but you do note at the 
commencement of that passage under the heading "Wildfire management overlay" that there 
was no information about which houses were built in compliance with wildfire management 
overlay requirements?  

That's right. That was in reference to the fact that that area had been declared a 
wildfire management overlay prior to February 7th.  

So indeed it is quite possible that a number of the buildings that were damaged or destroyed 
were built before the imposition of a wildfire management overlay on that land?  

That's right, so there would be a range of phasing in of wildfire management overlays 
throughout the period before February 7th, that's right.  

So these conclusions don't shed any light on the effectiveness or otherwise of the wildfire 
management overlay provisions?  

That's right, and I believe that even though a wildfire management overlay may be in 
place at a particular time, it doesn't guarantee that a particular house was built under 
that regime after that date also.  

COMMISSIONER McLEOD: It does raise some questions about the footprint of the overlay, 
though, doesn't it, if you indicated that quite a considerable number of houses burnt were 
outside the bushfire overlay area?  

I'm unsure of the process of deciding what is in an overlay and what isn't and also the 
timeframe in which it is implemented. I'm really not sure whether there was an 
intention to be more prolific in that description in future, or any of those points. It was 
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only simply to compare the observed loss versus the overlays that we understood it 
as at February 7th.  

MS RICHARDS: The conclusion that does come forth from your preliminary analysis is that 
the imposition of a wildfire management overlay is not a good predictor of whether there will 
be house loss in an area?  

Yes, that's fair.  

COMMISSIONER McLEOD: You would hope it would be a reasonable predictor of where 
there are likely to be severe bushfires, though.  

MS RICHARDS: Indeed, Commissioner.  

COMMISSIONER McLEOD: Which is what the purpose of it is, isn't it?  

MS RICHARDS: And that's probably something for future examination. If I can turn to future 
work, you set out in part 9 of your report, starting at page 106, future work and arising 
questions. What future work have you and the team who have worked on this part of the 
interim report 16 identified and what work would you like to see given priority?  

I guess the report demonstrates a wide range of capability to drill down into any given 
issue and I think it is really a judgment on what the most significant or contentious 
issues are that require some type of immediacy in their priority. So we probably would 
be interested to hear what the Commission would like to set as those priorities and be 
happy to pursue those. 

 Let's call it an iterative process, Mr Leonard. We are also interested to hear from you on 
what priorities you have identified?  

Certainly, and I guess I would like to flag issues like defendable space and where 
defendable space has appeared to play a role in improving house performance; just 
the relative effectiveness of the broad range of building measures that we see in the 
building standard; the role of what's called or referred to as managed vegetation, 
which is the isolated vegetation that resides in close proximity to structures but isn't 
observed as being one of the declared fuel types that represent a requirement for 
building for, so this is sort of a bit lost in the middle ground between continuous 
forest fuel and the structure; the specific interaction between building and people and 
how the survey data reveals the strength of that interaction and the context under 
which that interaction occurs. Because we have a much greater detailed picture of 
people's behaviour and accounts as well as a highly detailed picture of house 
performance, we can create a much more revealing account of the specific roles and 
inform on how much value activity prior to the event has benefited house survival and 
its ramifications for life safety during the fire and after the fire, which we haven't been 
able to tease out so accurately before. We would like to use the data to validate our 
urban vulnerability assessment tools which we have spoken about previously.  

At the very commencement of your evidence last week?  
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That's right. I think something that's really revealed itself in this dataset is the wind 
and the sensitivity to wind as a prolific influencer of house performance and 
particularly around the sensitivity of receiving localised wind effects in the landscape, 
going to the effort of running wind modelling over the terrain and understanding how 
the terrain is exacerbating local wind effects and how that may play a role in future 
prescription. I think the economic analysis of the impact would certainly warrant 
further investigation so we can look at the tangible/ intangible costs, impacts of this 
fire and be much more effective in providing an informed cost benefit analysis of 
future regulation in control and policy. I think scenario modelling around this fire. 
Because we have got a very good spatial understanding of what happened under this 
context, it would be really valuable to try some what-if scenarios, like what if this 
occurred on a Tuesday, what if the population was in a work mode and the non-adult 
population was at school, how would that play out in terms of populations in transit, 
the infrastructure that would be relied upon as a shelter under those circumstances, 
and of course the obvious one, critical infrastructure, power, water, road network-type 
approaches. I think the way all of that work can also lead in and inform the way we 
effectively define risk and vulnerability in the interface and create these tools that 16 
we have spoken about earlier, maturing those tools into a way that can be used by a 
broad suite of practitioners and potentially community members and also broadening 
the application of those tools to include a broader suite of urban design 
considerations; for instance, energy efficiency is a key one everyone has to work 
towards and meet. It is quite obvious that they could in fact share a common platform 
for which you can perform an energy efficiency audit or a bushfire risk audit. It is the 
same spatial information, it could be in fact an integrated design tool. I think then to 
move on and use those tools to inform future decision-making processes, policy, 
reform and overarching urban design in that really holistic integrated way.  

MS RICHARDS: Thank you, Mr Leonard. Do the Commissioners have any questions?  

CHAIRMAN: Can I inquire whether you either have in the process identified houses in which 
people died or whether it is possible because you go back to the basics that would enable 
them to be linked up with other information that could be established -I suppose that's the 
first question?  

We weren't privy to the specific data that identified which houses involved deaths and 
which didn't. That's a perfect example of how we could benefit from linking separate 
datasets together and revealing a much more relevant outcome from those integrated 
datasets. The starting point then is that you don't have the information and to some 
extent it makes it -there is the advantages of randomness. But if it was possible then 
to correlate the information that is available from other sources, it may then be 
possible to use the information you have got as to water supplies – 

did you check on things like hoses as well as pumps? (Witness nods.) So you have a bit of 
an indication as to whether there were signs of an active defence of the house that might be 
used in relation to an investigation into the circumstances of deaths?  

Yes, definitely. So, one of the key points we reviewed in fact was evidence of 
suppression and evidence of use of suppression devices and the state of those 
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suppression devices, so the critical link between tank supply, water pressuring 
infrastructure like pumps and the hoses and whether they were fixed or mobile hoses 
fixed to a spray system on a house or hoses that would be operated by a person. But I 
think, as you have revealed, a really key point, and I think this is a really important 
point that needs to come right at the front of the whole process. We need to combine 
as many of the available relevant databases together as the very first step before we 
begin the analysis process, because every little bit of extra piece of data that is 
combined before we begin the analysis gives us a huge improvement in the 
opportunity to reveal correlations in important features of those datasets. 

MS RICHARDS: Thank you, Mr Leonard. May Mr Leonard be excused?  
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1 Introduction 
 
This report was prepared by Geoscience Australia for the Bushfire CRC.  It is intended 
that this report be used as part of the background material for reports prepared for the 
Royal Commission into the Victorian Bushfires 2009.  This report contains a 
demographic analysis of some of the areas directly affected by the bushfires.  The 
areas included in this report (with alternative fire names in brackets) are: 

• Churchill (Churchill-Jeeralang) 
• Bunyip (Bunyip SP – Bunyip Ridge Trk) 
• Bendigo (Maiden Gully/Eaglehawk – Bracewell St) 
• Kilmore (Kilmore East – Murrindindi Complex South) 
• Murrindindi/Yea (Kilmore East – Murrindindi Complex North) 
• Beechworth 
• Horsham 
• Narre Warren. 
 

The fire areas covered in relation to each other are mapped in figure 1.1. 
 
Chapter 2 contains a brief overview of the method used to conduct the analysis and a 
description of the data used.  Chapters 3 through to 10 are the analyses of the 
individual fire areas.  Chapter 11 summarises the vulnerability indicators. 
 

Figure 1.1: Studied fire areas in context 
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2 Method 
 
This demographic analysis has been conducted at the Census Collection District (CD) 
level using ASGC (Australian Standard Geographic Classification) 2006.  Unless 
explicitly stated otherwise, it should be assumed that all data is drawn from the 2006 
Census of Population and Housing (ABS 2007). The CD is the smallest possible area 
at which Census data is available.  However only the Census is available at this level, 
and any supplementary data sets used have been analysed at a coarser geographic 
level. 
 
CDs impacted by the fire area are selected and data for a range of vulnerability 
indicators is generated.  The vulnerability indicators are part of the standard set of data 
used in analysis in the Risk Impact and Analysis Group, Geoscience Australia.  The 
indicators have been selected on the basis of a literature review and based on 
feedback from clients.  An example of the relevant literature is included with the 
indicator description below. 
 
CD SELECTION 
 
The CDs chosen for analysis are based upon the distribution of the population in 
relation to the fire area.  The population distribution is assessed using the Geocoded 
National Address File (GNAF)1

 

.  Address points are displayed within the CD, the fire 
area is layered on top, and the suitability is assessed by inspection.  If the majority of 
the address points are within the fire area, the CD is selected for inclusion.  In cases 
where there is doubt about whether a CD should be included due to an even 
distribution, the CD has been included. 

This method of selection means that CDs that have a small geographic area impacted 
by the fire, but where the population is largely within the fire area, are included.  
Conversely, some CDs that have a large geographic area impacted by the fire but 
small population impacts are excluded. 
 
VULNERABILITY INDICATORS 
 
The vulnerability indicators have been chosen to reflect various aspects of vulnerability 
for individuals within the community.  There are no threshold limits for determining 
whether a group is vulnerable or not.  As such the indicators reflect a continuum where 
high values reflect a high level of vulnerability and low values a lower level.  To give a 
sense of the scale of the indicators, each is compared to the national average.  The 
indicators and descriptive statistics for Australia used in this comparison are given in 
table 2.1 at the end of this chapter. 
 
Young at risk 
This is defined as anyone under the age of 5. 
 
The very young are at risk because they are unable to care for themselves (Buckle, 
Marsh and Smale, 2001). 
 
 
 
                                                        
1 GNAF is a complete listing of valid addresses in Australia, with each address given a spatial reference.  
For more information see PSMA Australia Limited, www.psma.com.au. 
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Aged at risk 
Defined as anyone aged 65 or older. 
 
The elderly tend to be frailer, have more health problems, and are less likely to be able 
to care for themselves.  While there are some older persons more physically capable 
then younger persons, the number of people needing assistance increases with 
increasing age (Buckle, Marsh and Smale, 2001). 
 
Insufficient English 
Any person who identifies as able to speak English not at all or not well. 
 
People who do not speak English well enough to understand an emergency broadcast 
or instructions from officials may not get crucial information to protect their safety 
(Buckle, Marsh and Smale, 2001). 
 
Not completed year 12 
Any person who has not completed schooling to year 12. 
 
People with higher levels of education are better equipped to understand the 
implications of warnings and have a greater understanding of preparation requirements 
(Tobin, 1999) 
 
Need for assistance 
This is any person who has identified in the Census that they have a need for 
assistance with self care activities such as feeding, dressing and washing, or, need 
assistance with communication. 
 
People who need assistance with self care also need assistance in preparing for or 
evacuating from a disaster (Buckle, Marsh and Smale, 2001). 
 
Volunteering rate 
This indicator measures the number of people who spend any time in volunteer 
activities.  This measure is our only indicator of social capital within the community.   
 
People who volunteer their time with community organisations such as schools, local 
sporting clubs or welfare groups tend to have better networks within the community.  
This leads to a greater ability to access resources. 
 
Low income households 
The method used to assess low income here is the OECD method of half the national 
median.  In 2006, the national median household weekly income was $1026.  Half of 
this figure produces $513 a week.  As the Census income measures are grouped into 
categories, we rounded this down to the nearest category upper limit of $499.  All 
households on an income of less than $500 are included in this low income measure. 
 
Low income households tend to lack the economic resources to recover from a 
disaster.  They are less likely to have insurance and often have fewer options for 
recovery (Buckle, Marsh and Smale, 2001).  
 
No motor vehicle access 
This indicator measures the number of households that do not have any access to a 
motor vehicle.  It is not a measure of insufficient access for the size of the household 
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as we are not able to match the household size with the number of motor vehicles in 
that household. 
 
People who do not have access to a motor vehicle are unable to self-evacuate in an 
emergency.   
 
New 1 year and new 5 year 
These two indicators are based upon the stated address of the person one year and 5 
years ago.   
 
If a person has moved some distance they may have lost their networks, are less 
familiar with the area and may be less familiar with the type of disaster within their new 
area.  Due to the format of the data this indicator treats all moves to a different SLA 
(Statistical Local Area) as a significant move regardless of whether that move was to 
the next suburb in an urban area or to the other end of the state. 
 
Single parent families 
All families that have children under 15 and only one parent. 
 
Single parents often have to manage many demands but with no additional support 
(Buckle, Marsh and Smale, 2001). 
 
Indigenous 
All persons who identify as being Aboriginal or a Torres Strait Islander. 
 
Indigenous Australians are disadvantaged on a range of issues including health status, 
life expectancy, education and employment outcomes when compared to non-
Indigenous Australians.  This disadvantage persists even in Capital City centres, and is 
not a simple function of the remoteness that many Indigenous persons experience 
(ABS 2005). 
 
Public housing 
All persons who rent their homes from a state or territory housing authority. 
 
Socio-economic disadvantage is a requirement for receiving public housing, so people 
living in public housing are likely to have a variety of social and economic problems that 
may need extra support. 
 
Unoccupied homes 
When Census forms are collected, the collector notes where a form is not completed 
and if the house appears to be unoccupied at the time of their visit(s).  This count of 
unoccupied homes, especially where it is large, can be an indicator of the number of 
second homes.   
 
When combined with other enumeration figures, counting these second homes can 
give a useful indication of the service population of a community.  Where residences 
are used as second homes, that is weekenders or holiday homes, the owners of those 
homes are often not there on the Census night, a week night.  The connection of the 
owners with these second homes is then not possible to be made.  This can lead to 
large differences between resident populations and service or weekend populations.  
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Quite often the demographic characteristics of the absent owners are different from 
those who live in the area2

 
.   

There is a risk that absent owners are less engaged with the local community.  Week 
night community meetings are difficult to attend, and they often miss out on other social 
interactions with the community.  They also spread their time across multiple houses, 
leaving less time to spend on the second home making preparations such as clearing 
activities. 
 
 
DESCRIPTIVE STATISTICS 
 
The descriptive statistics provide an overall view of the population and are drawn from 
the Census.  They include: 

• The number of persons and households 
• The number of dwellings by type 
• The number of owned or mortgaged dwellings 
• Median age 
• Median weekly household income 
• Workforce size (from which workforce participation is derived) 
• Working age population. 

 
 
SUPPLEMENTARY DATA 
 
A variety of other data sources have been used in this analysis, though not always 
expressly stated for each fire. 
 
Regional Population Growth (ABS 2009): 

• To assess the growth or decline of a region. 
 
Employment by Industry data (Census 2006) 

• Understanding the industry structure gives an indication of the types of 
employment and in some cases the vulnerability of the workforce to 
employment disruption. 

 
 
 
 
 
 
 
 
 
 
 
 

                                                        
2 The Victorian Department of Planning and Community Development has been undertaking work, partly 
using the unoccupied dwelling counts, on the demographic characteristics of absent owners in key 
locations.  See DPCD, 2009 for a recent overview comparing Queenscliffe and Mansfield. 
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TABLE 2.1  VULNERABILITY INDICATORS AND DESCRIPTIVE 
STATISTICS, AUSTRALIA 
 

INDICATOR AUSTRALIA 
Population (persons) 19,855,288 
Households 7,144,096 
Dwellings (houses) 5,472,521 
Dwellings (flats/units) 1,591,714 
Dwellings (other – dwellings) 76,089 
Owned dwellings (dwellings) 4,866,837 
Median age (years) 37 
Median household income ($/wk) 1026.8 
Workforce (persons) 9,607,987 
Working age population (persons) 13,273,698 
Unoccupied dwellings (dwellings) 830,379 
Young at risk (%) 6.3 
Elderly at risk (%) 13.3 
Insufficient English (%) 2.2 
No year 12 (%) 53.1 
Need for assistance (%) 1.9 
Low income households (%) 21.9 
No motor vehicle access (%) 9.8 
New 1 year (%) 11.2 
New 5 year (%) 30.8 
Single parent families (%) 8.7 
Indigenous (%) 2.3 
Public housing (%) 4.4 
Unoccupied dwellings (%) 10.4 
Volunteering rate (%) 19.8 
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3 Churchill 
 
The extent of the Churchill fire and the CDs that have been used in this analysis are 
illustrated in figure 3.1.  The main communities impacted in this fire are Callignee and 
Hazelwood South with a population of 495 persons and 533 persons respectively. 

Figure 3.1: Extent of Churchill fire area and the CDs selected for analysis. 
 
The Churchill fire area has neither a young nor an older population, with a low number 
of persons at either end of the age spectrum.  There is a distinct hollowing out in the 
25-34 age group, the key age group for training and early career establishment, but 
other wise the population is evenly distributed between 5 and 64. 
 
The population is relatively advantaged, with high average incomes and a low number 
of low income households.  The participation rate is high for all ages.  There is only a 
small number of single parent families in the area, and there is no public housing. 
 
The population had been fairly stable in the year prior to the Census, with a small 
number of persons moving into the area.  However the number of persons who moved 
into the area in the previous 5 years was only slightly lower than the national average.  
The number of people living in the area has slightly increased, with a 5 year growth 
rate of 0.6 per cent per annum (ABS 2009). 
 
The employment in the area is quite diverse, but the health care and social assistance, 
manufacturing, and retail trade sectors dominate each at 13 per cent of the workforce.  
The construction, electricity, gas, water and waste services, and education and training 
sectors are also strong.  This industry structure is typical of a regional centre, indicating 
that many residents of the area commute to a nearby centre, most likely Traralgon, to 
work. 
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4 Bunyip 
 
The extent of the Bunyip fire and the CDs that have been used in this analysis are 
illustrated in figure 4.1.  The largest population base, on the edge of the fire area, is 
Drouin with around 8000 people.  However the fire area encompasses the rural area of 
Labertouche, a population of 1000 people. 

 
Figure 4.1:  Extent of Bunyip fire area and the CDs selected for analysis. 

Labertouche is dominated by the agriculture, forestry and fishing industry with 23 per 
cent of the workforce in this sector.  The construction sector is also strong at 13 per 
cent of the workforce. 
 
While Labertouche has slightly lower wages than average, normal for an agricultural 
area, there are very few indicators that cause concern.  Most indicators are in line with 
the national average or are lower.  The exception is year 12 completion, with only 30 
per cent of the population continuing school to the end of year 12.  Again this is typical 
for an agricultural area. 
 
The population in the area is very stable, with only a few people moving to the area in 
the year before the Census.  The population is growing at a rate of 2 per cent per 
annum (ABS 2009). 
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5 Bendigo (Eaglehawk) 
 
The extent of the Bendigo fire and the CDs that have been used in this analysis are 
illustrated in figure 5.1. 
 
The Bendigo fire lies on the western edge of Bendigo.  Bendigo is quite a large and 
diverse centre, but this fire has impacted on a relatively small area incorporating all of 
West Bendigo and parts of Long Gully.  Due to the difficulty in accurately estimating the 
population from the fire area, this analysis focuses only on these areas, however it is 
worth noting that the areas immediately adjacent to the areas of analysis have very 
similar characteristics to the CDs analysed and have similar vulnerabilities. 

 
Figure 5.1:
 

 Extent of Bendigo fire area and the CDs selected for analysis. 

This area of Bendigo is quite socio-economically disadvantaged.  In this area between 
a quarter and a third of all households are considered low income.  Figure 5.2 shows 
the distribution of low income households as a proportion of all households.  The 
national average in 2006 is 22 per cent of households.  Most CDs within and outside of 
the fire area have many more households classed as low income than this average.  
This is coupled with a high number of single parent families, a high number of elderly 
persons, and low levels of schooling.  These indicators together point to an area that 
may lack the economic resources, such as savings or insurance, to recover from a 
disaster. 
 
While there is a significant elderly population, the median age of the area is 
comparable to the national average.  Part of West Bendigo has a large number of 
young children but the lower than expected median age is due to the population being 
concentrated in the 35-44 age bracket and lower, with a “hollowing out” at the key 
training and early employment ages of 25-34.  
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Figure 5.3 illustrates this distribution, with the much smaller numbers of 25-34 years old 
and the peak at 35-44 year olds apparent in relation to the national average. 

Figure 5.2: The distribution of low income households as a proportion of all households. 
 

Figure 5.3:

 

 The age distribution for the Eaglehawk fire area compared with 
Australia, 2006. 
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The area of Long Gully impacted by the fire has quite a high number of indigenous 
persons.  Nineteen percent of the population identifies as Aboriginal or Torres Strait 
Islander.  This may in part explain the age structure in this area as indigenous persons 
tend to have a younger age structure and a lower life expectancy (ABS 2008). 
 
There is some public housing in the selected CDs but the majority of the public housing 
is on the edges of the fire area.  The area at the corners of West Bendigo, Ironbark and 
Long Gully has the highest rates.  Around half of the houses in this part of Long Gully 
are public housing.  Socio-economic disadvantage is a requirement for receiving public 
housing, so the people in this area are likely to have a variety of social problems that 
may need extra support, as well as requiring economic assistance. 
 
The people in this area are relatively stable, with very few people moving into the 
region in the 12 months before the Census.  Around a quarter of the population moved 
into the region in the 5 years previous, below the national average of 30 per cent.  The 
5 year population growth rate for the region was 0.9 per cent, somewhat less than the 
1.6 per cent growth rate for Bendigo as a whole (ABS 2009). 
 
Employment in the area is dominated by the manufacturing sector, with 21 per cent of 
the workforce working in this sector.  The construction, retail trade and health and 
social assistance sectors also have strong employment at 13 per cent, 13 per cent and 
9 per cent respectively.  The strength of these latter sectors is typical of a large 
regional centre.   
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6 Kilmore 
 
The extent of the Kinglake complex, which incorporates the Kilmore fire, and the CDs 
that have been used in this analysis are illustrated in figure 6.1.  The Kilmore fire lies in 
the western half incorporating Toolangi, Healesville and all areas west. 
 
This fire came close to the town of Yarra Glen, a centre of 2600 people, and 
Whittlesea, an urban centre of 4500 people.  However the main towns that were 
impacted are in the heart of the fire area.  The largest of these are the townships of 
Kinglake and Kinglake West, to the south St Andrews, and to the west the township of 
Wandong.  Each of these four towns has a population of around 1500 people.  Many 
smaller communities were also impacted.  These include Toolangi, Dixons Creek, 
Chum Creek, Hazeldene and Clonbinane, all between 500 and 900 people. 

Figure 6.1: Extent of Kilmore fire area and the CDs selected for analysis. 
 
The people in the Kilmore fire area are generally middle income earners.  The only 
areas to have more low income households than the national average is Hazeldene 
and the fire impacted area of Healesville, at 33 and 30 per cent respectively.  Arthurs 
Creek, Kinglake Central, Yarra Glen and St Andrews have higher than average 
incomes.   
 
The age structure of the population is quite diverse across the area.  Generally, the 
population tends to have more very young persons than average.  Figure 6.2 shows 
the distribution of children under 5.  This is particularly concentrated in the area around 
Kinglake and Kinglake West, with 11 percent of the population of Kinglake aged under 
5 on Census night. 
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Figure 6.2  Percentage of persons aged under 5  on Census night, 2006, Kinglake Complex 

 
Figure 6.3  Percentage of persons aged 65 and over  on Census night, 2006, Kinglake Complex 
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Glenburn stands out as interesting with a high number of both young and aged 
persons.  Eighteen per cent of the population of Glenburn is aged 65 and over.  Dixons 
Creek also has a high number of the aged at 15 per cent.  All other areas have a lower 
than average number of aged persons.  Figure 6.3 shows the distribution of aged 
persons. 
 
The area as a whole has a relatively large number of houses unoccupied on Census 
night.  This is particularly true for the north, where Hazeldene, Strathburn and Glenburn 
have 25 per cent or more houses unoccupied.  Figure 6.4 shows the distribution of 
unoccupied houses across the Kinglake complex. 

 

 
Figure 6.4  Percentage of unoccupied dwellings on Census night, 2006, Kinglake Complex 

The population is relatively stable in most areas, the exceptions being Dixons Creek 
and Kinglake West, where more than 10 per cent of population have moved into the 
area in the year prior to the Census, and more than 30 per cent in the 5 years prior.  
However there has been some strong population growth in the area, with Wandong 
and Clonbinane combined experiencing a 5 year growth rate of 3.5 per cent.  This area 
has a high number of young children, so families are obviously important to the area.  
The area covered by the Kilmore and Murrindindi fires as a whole has experienced an 
average annual growth of 1.8 per cent (ABS 2009). 
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7 Murrindindi-Yea 
 
The extent of the Kinglake complex, which incorporates the Murrindindi-Yea fire, and 
the CDs that have been used in this analysis are illustrated in figure 7.1.  The 
Murrindindi fire lies in the eastern half and includes the areas of Narbethong, 
Limestone, Buxton, Taggerty, and Marysville. 
 
The main population centre is the town of Marysville, with a usual resident population 
of 517 persons.  The area surrounding Marysville is a mix of small communities and 
rural areas, with a population of around 1200 people. 

Figure 7.1: Extent of Murrindindi fire area and the CDs selected for analysis. 
 
This area mostly has an older population.  The aged make up between 17 and 21 
percent of the population, much higher than the national average of 13 percent.   
 
While the area has a higher than average workforce participation rate when 
considering only the working age population, the rate for the total population is in line 
with the national average.  This indicates that the area has a large retiree population.  
This is supported by the incomes in the area, with a quarter to a third of all households 
considered to be low income. 
 
The community of Buxton is an exception to this aged population.  While the aged 
make up 20 percent of the population, the very young make up 8 percent of the 
population.  There are also a high number of single parent families in this area.  The 
surrounding area has an aged population of 11 percent, lower than the national 
average.  However this area also has a low number of children. 
 
Marysville has the only public housing in the area, with 9 households.  The 12 
indigenous persons are also in Marysville and Narbethong. 
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Accommodation and food is the dominant industry with a quarter of the workforce 
employed in this sector.  This has some negative consequences on the economy of the 
area following a disaster, and hence families’ incomes, as businesses are no longer 
able to generate an income.  The agriculture, forestry and fishing, manufacturing, and 
health care and social assistance sectors also have a strong representation.  These 
latter industries are typical of a largely rural population. 
 
One area for concern is the difficulties this area faces in accessing transport, due to 
geographic isolation.  There are 24 households, 14 of which are in Marysville, that do 
not have access to a motor vehicle and may require assistance evacuating.  This is in 
addition to any individuals in nursing homes or hostels who will need to be evacuated. 
 
Of particular concern for the community of Marysville and the surrounding areas is the 
large number of unoccupied houses.  In Marysville alone, around 45 per cent of homes 
were unoccupied on Census night, a total of 170 homes.  Figure 7.2 maps the 
distribution of the unoccupied homes across the whole fire area, including Kinglake.   
 
If you consider the enumerated population of 597 persons as a starting point (excluding 
all visitors who live outside of Victoria, and nearly 100 people more than the number of 
usual residents).  We multiply the average number of people per house (2.25) by the 
170 houses and we get an additional 383 people who may (or may not) be in Marysville 
on the weekend, giving a total service population of 1000 people. 

 

 
Figure 7.2  Percentage of unoccupied dwellings on Census night, 2006, Kinglake Complex 

This area does have a significant positive characteristic.  Up to 40 per cent of 
residents, nearly twice the national average, volunteer their time in the community.  
This indicates a well networked community where locals are supportive of each other. 
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8 Beechworth 
 
The extent of the Beechworth fire and the CDs that have been used in this analysis are 
illustrated in figure 8.1.  The largest population base in the immediate area is 
Yackandandah, with a population of 2100 people.  The outer areas of Stanley are also 
impacted (689 people).  However the fire has not directly impacted on the bulk of this 
population.  The main areas affected are Gapsted (294 people), Mudgegonga (385 
people) and Dederang (422 people). 

 
Figure 8.1:
 

 Extent of Beechworth fire area and the CDs selected for analysis. 

Median income levels in this area are low, but the number of low income households is 
only slightly above average is Gapsted and Mudgegonga, at 25 per cent each, and 
below the national average in Dederang.  There are a low number of single parent 
families, and the workforce participation rates for all ages are quite high. 
 
The low incomes are partly explained by the main industries of employment in the area.  
The dominant industry is agriculture, forestry and fishing with 28 per cent of the 
workforce working in this industry.  The second major industry is manufacturing with 17 
per cent.  These industries are characterised by low wages and low skilled jobs, partly 
explaining the low average wage.  The third industry is health care and social 
assistance.  This industry is often dominant in regional centres. 
 
While this area has neither a significant number of older or younger persons, the 
median age is somewhat higher than the national average.  This is because a quarter 
of the population are aged between 45 and 54.  This is quite a distinct feature of this 
area. 
 
Mudgegonga and Dederang have a high number of unoccupied houses on Census 
night.  In the case of Dederang the high proportion has come from a relatively low 
number of houses.  In Mudgegonga there were 26 houses unoccupied on Census 
night.   
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9 Horsham 
 
The extent of the Horsham fire and the CDs that have been used in this analysis are 
illustrated in figure 9.1.  This fire occurred on the outskirts of Horsham, a regional 
centre of over 13000 people.  The area directly impacted by the fire is the community of 
Haven, a community of 940 people.  

Figure 9.1: Extent of Horsham fire area and the CDs selected for analysis. 
 
Haven is a relatively advantaged area, with a higher than average median income and 
a very low number of low income households.  There is no public housing, and only a 
small number of single parent families.  Workforce participation is higher than average.  
Employment in Haven has a structure similar to a regional centre, dominated by the 
health care and social assistance sector and complemented by the retail sector. 
 
The number of people who moved into the area in the year before the Census is 
slightly below the national average.  However the number of people who moved into 
the area 5 years before the Census is high.  This is particularly true for the area closest 
to Horsham where 55 per cent of the population moved into the area in the previous 5 
years.  Horsham has had a 5 year annual average growth rate of 1.2 per cent, while 
the surrounding areas a growth rate of 1.1 per cent.  The large increase in the number 
of people reflects the growth of Horsham pushing into the surrounding areas. 
 
Haven has a relatively high proportion of people who need assistance with everyday 
activities.  The high percentage is a feature of the small population base, with only 19 
people in this category.  However, due to the small community size, there may not be 
enough resources in the local area to assist these people. 
 
Haven has a high volunteering rate of 40 per cent, twice that of the national average.  
This reflects a population base that is active in their community, leading to strong 
support networks. 
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10 Narre Warren South 
 
The extent of the Narre Warren South fire is not available, but the CD selected for 
analysis is illustrated in Figure 10.1. 

Figure 10.1: CD selected for analysis, Narre Warren South fire. 
 
This area of Narre Warren South is a relatively new suburb.  Nearly 9 per cent of the 
population moved into the area 1 year before the Census, but this is following 50 per 
cent of the population moving into the area in the 5 years before hand. 
 
The area has many young families, with 12 per cent of the population aged under 5 
and only 1 per cent aged 65 and over.  The median age is 27, much younger than the 
national average of 37.   
 
There are very few single parent families, indigenous persons or public housing in the 
area.  More than half of the population have completed year 12.  Most households 
have a car. 
 
Incomes in the area are generally high, with a high median income and a very small 
proportion of low income households.  The dominant industry of employment, at 24 per 
cent, is the manufacturing sector.  A further 13 per cent of the workforce is employed in 
the retail trade sector.  
 
An interesting feature of this area is the very low proportion of people who volunteer 
their time in the community.  Only 9 per cent of the population participate in voluntary 
activities.  This could indicate a community that is not well networked. 
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11 Summary and conclusions 
 
A summary of the vulnerability indicators for each fire relative to the national average is 
presented in table 11.1.  This summary represents the communities affected as a 
whole, and may not reflect the state of individual communities in a larger fire area.  
None of the indicators stand out as being the significant indicator of vulnerability.  
Rather, it is the combination of factors that increase a community’s vulnerability. 
 
This report has included a new indicator – the number of unoccupied homes – 
collected during the Census and recently purchased from the ABS.  The analysis of this 
indicator has shown that some of the areas affected by the bushfires of February 2009 
have a significant number of unoccupied homes on Census night.  This measure 
indicates the number of second homes, that is, holiday homes or weekenders.  While 
we can make some assumptions about the significance of this indicator further work 
investigating the link between the number of unoccupied homes, fatalities and house 
loss is warranted.  Marysville provides an opportunity to test this relationship, with a 
high number of fatalities, house loss and unoccupied homes.
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TABLE 11.1 INDICATORS OF VULNERABILITY, RELATIVE TO THE NATIONAL AVERAGE
VULNERABILITY 
INDICATOR 

1 
CHURCHILL BUNYIP BENDIGO KILMORE MURRINDINDI 

/ YEA 
BEECHWORTH HORSHAM NARRE 

WARREN 
Young at risk Low Low Average High Low Low High High 
Elderly at risk Low Average High Low High High Low Low 
Insufficient English Low Low Low Low Low Low Low Low 
No year 12 High High High Average Average High High Low 
Need for assistance Average Low Low High High Average High Low 
Low income households Low Average High Low High Average Low Low 
No motor vehicle access Low Low Low Low Average Low Low Low 
New 1 year Low Low Low Low Low Low Average Low 
New 5 year Low Low Low Average Average Low High High 
Single parent families Low Low High Average Average Low Low Low 
Indigenous Low Low High Low Low Low Low Low 
Public housing Low Low High Low Low Low Low Low 
Unoccupied dwellings Average Average Low High High High Average Low 
Low volunteering rate Average 2 Low High Average Low Low Low High 
1. A high rating increases vulnerability more than average or low. 
2. Volunteering rate in this instance has been reversed to reflect the same direction as the other indicators.  A low rating has decreases vulnerability 



  

Chapter 4 | Page 22 
Demographic Analysis – October 2009 – Final Report 

  
 

 

Glossary and abbreviations 
ABS Australian Bureau of Statistics 

ASGC Australian Standard Geographic Classification 

Bushfire CRC Bushfire Cooperative Research Centre 

CD Census Collection District 

DPCD (Victorian) Department of Planning and Community 

Development 

enumerated 

population 

the count of persons according to their actual location on 

Census night 

GNAF Geocoded National Address File 

OECD Organisation for Economic Co-operation and Development 

usual resident 

population 

the count of persons according to their stated usual residence 

location 
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Vulnerability Indicators - persons

Firename BEECHWORTH - LIBRARY RD

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2032002 Dederang 0 10 0 45 0 32 4 0 6 21 0 0 0
2032003 Gapsted 9 53 3 151 6 61 28 0 9 28 9 0 0
2032012 Mudgegonga 16 54 4 219 10 99 34 3 16 60 0 0 0

Firename CHURCHILL - JEERALANG

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2181208 Callignee 21 27 0 227 9 94 34 5 35 114 7 9 0
2181209 Hazelwood South 34 23 0 229 12 92 22 0 35 141 6 0 0

Firename Eaglehawk - Bracewell St

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2070506 Long Gully 7 29 0 88 4 32 16 4 0 27 8 25 0
2070518 West Bendigo 8 19 0 75 0 15 11 0 13 34 0 5 0
2071412 West Bendigo 21 27 0 126 0 39 17 7 6 57 11 3 8

Firename Murrindindi

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2160505 Arthurs Creek 19 32 0 157 4 60 13 0 7 49 0 6 0
2192006 Chum Creek 39 45 0 257 9 120 34 4 26 115 15 10 0
2051406 Clonbinane 33 42 3 312 22 105 36 3 19 129 14 0 0
2192004 Dixons Creek 14 37 0 112 0 62 24 7 24 37 7 0 0
2192005 Dixons Creek 15 54 4 139 9 66 6 3 30 101 4 0 0
2051112 Glenburn 15 32 0 81 0 23 6 0 11 29 4 0 0
2051111 Hazeldene 34 37 0 247 20 68 59 0 30 132 13 3 0
2192001 Healesville 6 12 0 50 4 29 15 4 6 40 3 0 0
2051115 Kinglake 73 22 6 248 14 102 28 5 54 185 18 6 0
2051113 Kinglake Central 16 6 0 87 0 40 7 0 8 48 3 0 0
2051108 Kinglake west 55 32 0 259 9 93 18 5 55 125 14 0 0
2051110 Kinglake west 60 40 0 336 24 135 43 5 102 247 22 16 0



2051114 Kinglake West 62 36 0 363 14 135 37 5 89 202 13 11 0
2160502 St Andrews 41 53 0 201 12 149 21 0 44 149 14 3 0
2160511 St Andrews 30 37 0 147 0 103 15 0 27 86 7 10 0
2051107 Strath Creek 24 49 0 183 11 126 30 0 27 84 4 3 0
2051109 Toolangi 55 104 0 365 10 166 35 0 58 202 7 7 0
2051505 Upper Plenty 46 44 0 208 0 83 31 5 38 129 7 13 0
2051504 Wandong 61 65 0 402 15 127 27 12 64 225 8 0 0
2160103 Whittlesea 56 72 7 290 4 114 31 0 45 132 8 17 0
2192002 Yarra Glen 19 37 0 122 0 70 17 0 26 63 3 0 0
2192012 Yarra Glen 27 39 0 141 3 81 8 0 17 69 4 0 0

Firename Kilmore

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2051103 Limestone 12 44 0 111 3 74 19 0 14 60 4 0 0
2050903 Marysville 16 42 0 102 3 74 25 3 14 46 5 0 0
2050909 Marysville 10 60 0 138 3 84 34 11 22 74 0 7 9
2050901 Narbethong 17 50 0 145 9 67 25 4 17 75 3 5 0
2050904 Taggerty 16 49 0 120 10 64 30 3 18 66 4 0 0
2050902 Buxton 6 18 0 83 0 55 14 0 6 30 0 0 0
2050911 Buxton 19 47 0 120 5 56 19 3 12 69 7 0 0

Firename Bunyip

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2180607 Labertouche 19 30 0 176 3 91 30 0 17 69 7 9 0
2180609 Labertouche 36 93 0 304 10 111 36 0 37 96 4 3 0

Firename Horsham

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2090309 Haven 20 13 0 82 3 51 6 0 16 101 0 0 0
2090409 Haven 11 35 3 156 7 92 17 0 25 79 5 0 0
2090410 Haven 27 37 0 206 9 112 8 3 46 151 0 12 0

Firename Narre Warren South

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No year 
12

Need for 
assist Volunteering

Low 
income HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous Public housing
2341102 Narre Warren South 132 15 20 338 11 56 11 7 89 456 19 7 8



Vulnerability indicators percentage

Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
AUSTRALIA 6.3 13.3 2.2 53.1 1.9 19.8 21.9 9.8 11.2 30.8 8.7 2.3 4.4

Firename BEECHWORTH - LIBRARY RD

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing 6.3
2032002 Dederang 0.0 10.1 0.0 68.2 0.0 46.4 16.0 0.0 6.3 23.1 0.0 0.0 0.0 13.3
2032003 Gapsted 3.1 18.0 1.0 72.6 2.1 28.0 25.5 0.0 3.2 10.2 10.0 0.0 0.0 2.2
2032012 Mudgegonga 4.2 14.0 1.0 69.1 2.7 31.1 25.6 2.1 4.3 16.7 0.0 0.0 0.0 53.1

1.9
21.9

Firename CHURCHILL - JEERALANG 9.8

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing 11.2
2181208 Callignee 4.3 5.5 0.0 62.5 1.9 25.5 23.9 3.1 7.4 25.2 5.0 1.9 0.0 30.8
2181209 Hazelwood South 6.4 4.3 0.0 57.5 2.3 23.1 14.0 0.0 6.7 28.7 4.1 0.0 0.0 8.7

2.3
4.4

Firename Eaglehawk - Bracewell St 19.8

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
2070506 Long Gully 5.0 20.6 0.0 80.7 2.9 28.6 35.6 8.7 0.0 22.0 24.2 18.5 0.0
2070518 West Bendigo 5.6 13.2 0.0 67.6 0.0 13.3 23.4 0.0 9.5 25.8 0.0 3.5 0.0
2071412 West Bendigo 8.6 11.1 0.0 77.8 0.0 21.8 23.0 8.3 2.6 26.1 17.2 1.3 9.4

Firename Kilmore

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
2160505 Arthurs Creek 5.8 9.8 0.0 56.9 1.3 22.7 13.8 0.0 2.2 16.3 0.0 1.9 0.0
2192006 Chum Creek 6.2 7.1 0.0 57.2 1.5 26.4 19.3 1.9 4.2 20.2 8.6 1.6 0.0
2051406 Clonbinane 4.8 6.1 0.4 65.0 3.5 22.1 17.8 1.3 3.0 21.3 7.3 0.0 0.0



2192004 Dixons Creek 5.8 15.2 0.0 61.5 0.0 35.0 25.0 7.1 10.5 17.3 8.6 0.0 0.0
2192005 Dixons Creek 4.2 15.3 1.1 52.5 2.6 24.4 6.1 2.5 8.9 31.1 4.2 0.0 0.0
2051112 Glenburn 8.4 17.9 0.0 63.8 0.0 18.0 11.1 0.0 6.6 19.1 7.3 0.0 0.0
2051111 Hazeldene 6.4 6.9 0.0 70.2 4.3 18.8 33.9 0.0 6.4 30.6 10.3 0.6 0.0
2192001 Healesville 3.8 7.6 0.0 45.5 2.9 25.7 30.0 7.3 4.3 29.0 7.5 0.0 0.0
2051115 Kinglake 10.9 3.3 0.9 57.5 2.3 24.2 15.2 2.4 9.0 34.0 10.3 1.0 0.0
2051113 Kinglake Central 6.5 2.4 0.0 54.0 0.0 24.2 9.1 0.0 3.7 23.0 4.8 0.0 0.0
2051108 Kinglake west 8.9 5.2 0.0 61.2 1.5 21.7 10.5 2.6 9.5 23.5 9.2 0.0 0.0
2051110 Kinglake west 7.4 4.9 0.0 58.4 3.1 23.6 16.5 1.8 13.3 34.6 10.0 2.0 0.0
2051114 Kinglake West 6.9 4.0 0.0 60.6 1.7 22.0 14.4 1.8 11.1 26.4 5.6 1.3 0.0
2160502 St Andrews 5.8 7.6 0.0 40.4 1.8 30.1 11.8 0.0 6.5 23.4 7.3 0.5 0.0
2160511 St Andrews 6.8 8.4 0.0 46.8 0.0 32.2 12.5 0.0 6.6 22.5 6.1 2.4 0.0
2051107 Strath Creek 5.5 11.3 0.0 58.7 2.7 40.5 21.9 0.0 6.9 22.0 3.2 0.8 0.0
2051109 Toolangi 6.3 12.0 0.0 58.6 1.2 27.1 13.8 0.0 7.3 26.7 3.0 0.9 0.0
2051505 Upper Plenty 9.1 8.7 0.0 57.5 0.0 22.8 20.3 3.0 7.9 29.1 5.2 2.7 0.0
2051504 Wandong 6.6 7.0 0.0 61.7 1.7 19.4 10.5 4.2 7.2 27.0 3.1 0.0 0.0
2160103 Whittlesea 8.1 10.4 1.0 60.7 0.6 24.1 16.1 0.0 7.2 22.8 4.5 2.7 0.0
2192002 Yarra Glen 5.8 11.2 0.0 48.0 0.0 28.3 16.0 0.0 8.5 21.4 3.2 0.0 0.0
2192012 Yarra Glen 7.4 10.6 0.0 53.2 0.9 29.2 7.2 0.0 4.8 20.6 3.6 0.0 0.0

Firename Murrindindi

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
2051103 Limestone 4.7 17.3 0.0 54.7 1.3 37.4 23.5 0.0 6.0 26.7 5.4 0.0 0.0
2050903 Marysville 6.7 17.6 0.0 56.4 1.3 39.6 29.8 3.3 6.3 21.4 7.0 0.0 0.0
2050909 Marysville 3.6 21.4 0.0 61.3 1.1 39.4 32.1 9.9 8.1 28.9 0.0 2.6 8.1
2050901 Narbethong 6.0 17.8 0.0 65.6 3.2 31.0 26.3 4.0 6.3 29.0 3.8 1.8 0.0
2050904 Taggerty 5.8 17.8 0.0 55.6 3.9 29.2 31.9 2.9 6.9 26.6 4.4 0.0 0.0
2050902 Buxton 3.8 11.3 0.0 67.5 0.0 43.7 28.6 0.0 4.0 20.4 0.0 0.0 0.0
2050911 Buxton 8.0 19.8 0.0 66.7 2.3 31.6 27.9 3.7 5.5 33.7 12.7 0.0 0.0

Firename Bunyip

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
2180607 Labertouche 5.3 8.4 0.0 71.0 0.9 36.4 28.0 0.0 5.0 21.7 8.0 2.7 0.0
2180609 Labertouche 5.7 14.6 0.0 69.6 1.8 24.9 19.4 0.0 6.7 18.2 2.5 0.5 0.0

Firename Horsham



Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
2090309 Haven 9.4 6.1 0.0 62.1 1.5 39.8 9.7 0.0 7.8 54.9 0.0 0.0 0.0
2090409 Haven 3.7 11.7 1.0 70.0 2.4 41.1 18.5 0.0 8.4 27.7 6.0 0.0 0.0
2090410 Haven 6.3 8.6 0.0 66.9 2.1 36.1 7.1 2.3 10.9 37.9 0.0 2.8 0.0

Firename Narre Warren South

Region Locality
Young 
at risk

Elderly 
at risk

Insufficient 
English

No 
year 
12

Need for 
assist Volunteering

Low 
income 

HH

No motor 
vehicle 
access

New 1 
year

New 5 
years

Single 
parent 

families Indigenous
Public 

housing
2341102 Narre Warren South 12.1 1.4 1.8 48.9 1.0 8.6 4.1 2.4 8.6 49.6 6.6 0.6 2.7



Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
AUSTRALIA 19,855,288 7,144,096 5,472,521 1,591,714 76,089 4,866,837 37 1026.8 9,607,987 13,273,698 830,379 10.4

19,855,288
Firename BEECHWORTH - LIBRARY RD 7,144,096

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied 5,472,521
2032002 Dederang 99 31 31 0 0 25 45 866 52 73 6 16.2 1,591,714
2032003 Gapsted 294 119 118 0 0 91 46 714 150 181 11 8.5 76,089
2032012 Mudgegonga 385 147 146 0 0 125 46 875 225 281 26 15.1 4,866,837

37
1026.8

Firename CHURCHILL - JEERALANG 9,607,987

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied 13,273,698
2181208 Callignee 494 165 164 0 0 145 40 1347 267 360 3 1.8 830,379
2181209 Hazelwood South 533 177 175 0 3 164 35 1488 309 392 22 11.0

Firename Eaglehawk - Bracewell St

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
2070506 Long Gully 141 52 52 0 0 41 36 640 57 86 4 7.1
2070518 West Bendigo 144 55 52 4 0 42 37 883 77 101 3 5.1
2071412 West Bendigo 243 89 77 9 3 62 36 669 100 159 7 7.3

Firename Kilmore

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
2160505 Arthurs Creek 325 106 106 0 0 90 45 1416 196 246 6 5.4
2192006 Chum Creek 631 210 210 0 0 183 37 1111 326 433 44 17.3
2051406 Clonbinane 683 233 232 3 0 215 38 1034 346 489 53 18.4
2192004 Dixons Creek 243 100 92 3 4 87 47 1079 132 167 13 11.6
2192005 Dixons Creek 354 123 120 3 0 100 43 1062 180 240 33 21.2
2051112 Glenburn 179 65 63 3 0 56 41 939 87 111 25 27.5
2051111 Hazeldene 535 201 201 0 0 180 37 725 224 391 72 26.4
2192001 Healesville 157 57 55 0 0 30 40 754 72 121 9 14.1
2051115 Kinglake 667 208 195 4 9 177 33 1038 312 451 29 12.2
2051113 Kinglake Central 245 77 75 0 0 61 38 1212 132 175 12 13.8
2051108 Kinglake west 619 190 186 0 7 161 35 1052 297 430 36 15.7
2051110 Kinglake west 812 288 286 0 0 252 34 1038 423 573 24 7.7
2051114 Kinglake West 902 280 278 0 4 252 34 1186 458 652 21 6.9
2160502 St Andrews 701 212 214 0 0 198 38 1356 364 476 12 5.3



2160511 St Andrews 443 140 140 0 0 118 37 1275 231 304 22 13.6
2051107 Strath Creek 435 158 151 0 4 132 46 1021 223 306 88 36.2
2051109 Toolangi 870 289 289 0 0 251 40 1075 446 581 34 10.5
2051505 Upper Plenty 503 174 176 0 0 136 38 1100 263 351 17 8.8
2051504 Wandong 926 295 288 0 6 263 36 1227 491 631 37 11.2
2160103 Whittlesea 692 220 219 0 0 176 39 1126 322 471 46 17.4
2192002 Yarra Glen 330 120 122 0 0 106 47 1281 187 239 26 17.6
2192012 Yarra Glen 367 124 120 0 6 114 42 1250 213 248 12 8.7

Firename Murrindindi

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
2051103 Limestone 254 89 90 0 0 78 51 1033 139 175 63 41.2
2050903 Marysville 239 90 87 4 0 66 46 682 129 155 60 39.7
2050909 Marysville 281 113 107 4 4 69 46 667 138 179 110 48.9
2050901 Narbethong 281 104 94 0 9 77 45 702 139 186 59 36.4
2050904 Taggerty 276 109 106 0 0 84 51 900 145 183 81 43.3
2050902 Buxton 160 55 52 3 0 45 46 1027 88 118 52 48.6
2050911 Buxton 237 83 83 0 0 72 47 762 81 148 79 48.8

Firename Bunyip

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
2180607 Labertouche 357 121 121 0 0 102 41 927 161 236 19 15.7
2180609 Labertouche 637 205 198 0 10 169 42 986 308 430 10 4.8

Firename Horsham

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
2090309 Haven 213 71 67 0 0 63 35 1319 102 128 6 9.0
2090409 Haven 298 100 100 0 0 94 40 1058 163 199 10 10.0
2090410 Haven 432 138 128 0 6 121 37 1127 232 283 12 9.0

Firename Narre Warren South

Region Locality Population Households
Dwellings 
(houses)

Dwellings 
(flats/units)

Dwellings 
(other)

Owned 
dwellings

Median 
Age

Median 
household 

income ($/wk) Workforce

Working 
age 

population
Unnoccupied 

dwellings
% Un 

occupied
2341102 Narre Warren South 1092 296 293 4 0 269 27 1322 510 709 7 2.4
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INTEGRATIVE STUDIES 
 

 Introduction 
 
The overall objective of the Integrative Studies Project is to understand, in a holistic way, the 
various factors that led to particular outcomes in specific locations affected by the 7 February 
2009 bushfires in Victoria. This will be achieved through an understanding of interactions 
among: (a) fire behaviour; (b) physical features (buildings, terrain and vegetation); and, 
(c) human behaviour so as to provide an understanding of the integrated factors that 
contributed to specific impacts (loss of life and/or property) in a spatially defined community.  
This first study focuses on the Kinglake West (Pheasant Creek) - Pine Ridge Road 
community. Other Integrated Studies have been carried out for the communities of: 
Strathewen; Marysville; and Kinglake Central - Reserve Road/Victoria Road. These four 
areas were selected for study because the extent of loss of life and property damage was 
disproportionately severe.  
 
In developing these integrative studies  senior members of the research team have draw 
together the interviews, site inspections and observations to better understand the interplay 
between the fire behaviour, human behaviour and buildings and the ultimate impact on the 
community of the area.  It should be noted that these reports are necessarily limited in scope 
because detailed information about the locations and circumstances of fatalities was not 
available at the time of preparation. 
 



  
 

Chapter 5 | Page 2 
Integrative Studies – October 2009 – Final Report 

 

Kinglake West (Pheasant Creek) - Pine Ridge Road 
 
Kinglake West is a small elevated hamlet located at the top of the Great Dividing range, 
about 65k north-east of Melbourne. It is on the Whittlesea-Kinglake Road, about 5km to the 
west of Kinglake Central, which is itself located at the intersection of: Whittlesea-Kinglake 
Road, Healesville-Kinglake Road (Figure 1), and Heidelberg-Kinglake Road. [See Spatial 
Vision VICMAP Book Map 6449 and page 253; and Melways Map 910 N11]. It is the 
‘gateway’ to that section of the Kinglake National Park which includes the Mount Sugarloaf 
lookout and the Masons Falls picnic area. 
 
The Community: The somewhat isolated Pine Ridge Road community of about 35 houses 
and a Macedonian Church is approximately 4km south-east of Kinglake West. Residences 
are on both sides of Pine Ridge Road, which comes off National Park Road (just outside the 
entrance to Kinglake National Park (Figure 2).  Based on reports from residents, it appears 
to be a reasonably closely knit community (which residents described as being located at 
Pheasant Creek, rather than Kinglake West—both locations have the same Postcode, 
3757). There is a large Macedonian Church, and associated sporting oval and community 
centre, nearby at the western end of National Park Road, adjacent to the Kinglake National 
Park entrance and office. 
 
According to residents, the composition of households was quite varied. There were some 
retirees. Other residents worked, locally or away from the area. There were several families 
with young children and teenagers. One interviewee commented that some residents in Pine 
Ridge Road were “not well off”. The main reason reported for living in the area was 
enjoyment of the natural environment and being adjacent to the National Park, as well (for 
residents at the southern end) the spectacular views. 
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Figure 2 Kinglake West/Pheasant Creek – Pine Ridge Road and surrounding road network 

 
 

Figure 1 Kinglake West/Pheasant Creek location map 
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Terrain: The terrain is gently undulating but drops away sharply on the southern 
edge of the escarpment providing dramatic views to the south.  A number of 
residents took advantage of this setting to build and live along the escarpment 
(Figure 3).   

 

 
Figure 3 Looking south-west from the southernmost property in Pine Ridge Road 

 
Vegetation: The area would normally be described as being largely surrounded (except to 
the north) by temperate eucalypt forest (Figure 4) in the Kinglake National Park.  However, 
several years of drought made the National Park forest very dry. Trees were mostly mature 
messmate stringy bark eucalypts and there was significant mixed understory. The houses at 
the southern end of Pine Ridge Road were mostly surrounded by messmate stringy bark 
eucalypts. There was little or no understory outside the National Park boundaries.  In 
contrast, the north-west end of Pine Ridge Road, near the T-junction with National Park 
Road, is relatively level, and was lightly wooded with some open areas.  The properties near 
the T-junction have paddocks to the west and north-east (Figure 4 & Figure 5).  To the west, 
in the grounds of the Macedonian Church, there was a double row of mature pine trees 
(Figure 5). Many houses, particularly in the upper (northern) part of Pine Ridge Road, were 
surrounded by gardens with lawns, ornamental trees, shrubs and garden plants.   
 
Dwellings: Many houses were of brick construction with iron roofing or tiled roofing. Others 
were constructed of fibro-cement sheeting, with some brick features, standing on piers. 
Some were of timber construction. A few were of mud brick construction, with wooden posts 
and beams.    
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Figure 4 Pine Ridge Road and surrounds: vegetation before the fire 

 
 

 
Figure 5 A more detailed view of houses and vegetation around Pine Ridge Road: Note the 
double row of pine trees to the west, and the oval, in the Macedonian Church grounds. 

Fire Behaviour: During most of Saturday 7th February, winds blew strongly from the north-
west, pushing the Kilmore Fire towards Kinglake West during the course of the afternoon. A 
little after 1500, the fire was reported to have reached the Tourourong Reservoir near 
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Whittlesea, about 9km to the north-west. About 1530, fire was reported in Coombs Road, 
Humevale, about 6km to the west of the study area. 
 
Pine Ridge Road residents reported that fire began to impact at about 1700. They reported 
that fire initially came from the west, or north-west, associated with very strong winds: 
 

Interviewee:  When you look out the back and see how the tops of them trees have 
been ripped off and all that. So, you know, there was a fair bit of force 
behind that wind, and I think the wind was probably the worst thing of it 
all. 

 
Very shortly after this, some interviewees reported fire coming from the south, apparently 
having crossed Mount Sugarloaf Ridge to the west, and then sweeping up gullies from the 
south, to the escarpment,  being pushed by strong winds from the south-west, to impact with 
great intensity on homes at the bottom (south) end of Pine Ridge Road (see Figure 6). 
 
These observations are broadly supported by the on-the-ground fire behaviour indicators 
collected as part of this study.  
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Main Fire 
Fire behaviour varied horizontally dependent on slope, fuels, and position on fire perimeter. 
Spot fires 
Distance and direction of ember travel varied vertically depending on altitude of release from 
plume. 
Fire behaviour varied with time from ignition, initially low intensity, building to high. 
Time 
Fire behaviour varied with time of day, dropping in intensity after nightfall. 
 

spotfire 
 

Pheasant 
Creek 
 

Very high 
intensity  
head fire run 

Lower 
intensity 
flank fire 

Headfire  
channelled 
up gullies 

Head Fire  
direction post 
windchange 

Whittlesea-
Kinglake Rd. 

National Pk Rd 
N 

Pine Ridge Rd. 

Possible 
Higher altitude 
jet? 
(needs 
confirmation) 
 

Figure 6 Schematic: Overview of fire behaviour at Kinglake West/Pheasant Creek (based on information 
provided by wildfire behaviour investigators). 



  
 

Chapter 5 | Page 8 
Integrative Studies – October 2009 – Final Report 

 

  

Fire preparedness before February 7 
 
Based on interviews with survivors, there was considerable variation among residents in the 
amount of preparation undertaken prior to the fire.  
 

• Very few of those interviewed described detailed planning. Most had undertaken 
some basic preparation: 
 

Interviewer:  So were you prepared for the fire season ahead of time…? 
Interviewee:  Yeah, we were fully aware of what’s going on. Our property 

was well cleared, there was no rubbish or anything around 
the house. 

 
• It seems that few residents, if any, in the southern part of Pine Ridge Road intended 

to stay and defend their properties because of: (a) lack of fuel management in the 
adjoining National Park; (b) failure to maintain the southern access fire trail; and (c) 
the surrounding trees (Figure 8).  
 

• Very few residents in the upper (northern) part had undertaken extensive  
preparation to defend their homes, with most having decided that leaving was a 
better option in the event of direct fire threat: 
 

Interviewee: With just my pumps and that, they’re just normal pumps, petrol 
motors. I also had a sprinkler. I only had a polypipe sprinkler 
system on my roof… 

Interviewer: …were there sprinklers on any of the other houses in the 
street? 

Interviewee: No, not that I know of. Only people with garden hoses. Yeah, 
they were just trying to fight it with garden hoses. 

 

Decision making and actions on February 7 
 
From interviews it appears that residents were aware that Saturday was to be an exceptional 
severe fire risk day. 
 

• Most reported monitoring radio and television for news about fires, all reported that 
they were aware of the Kilmore Fire. 

• All those interviewed spoke critically of the lack of warnings about the approaching 
fire: 

Interviewee:  We’d switched over to the ABC and the information we were 
getting off the radio was very sketchy. There was no mention of 
Kinglake. 

• For many, telephone calls from family members, neighbours, or friends, or verbal 
warnings from neighbours, were important in alerting them to looming danger: 

Interviewee:…and ________ came knocking on everybody’d door ….  she 
said you have three hours to get out…we listened to the ABC. 
We couldn’t hear anything. They were talking about Wandong, 
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not Coombs Road (--in nearby Humevale--) or anything like 
that. 

• For many of those who left at the last minute, watching other neighbours fleeing was 
the trigger for departure. 

• For some of those who left well before the fire struck, concern about the safety of 
their children or grandchildren, given the conditions of high temperatures and strong 
winds, was an important motivating factor. 

• Three residents in adjacent houses who endeavoured, unsuccessfully, to defend 
their homes survived, although one sustained serious burns. As first one, and then 
the next house ignited, they retreated to the third, and best prepared, house and 
sheltered until conditions outside were survivable: 

Interviewer: So you and ______, and _____ are actively fighting fires at all three 
properties…? 

Interviewee: We were going to but we couldn’t. The fire was on either side of the 
house. We stayed in _____’s house and we were just waiting for it to 
blow over, but the wind changed and it came back. It was like it sat on 
us…We think we were in the house for about 15 minutes…Yeah, 10-15 
minutes before the house started caving in. Then that was time to go. 

• According to family members who were in telephone contact up to the moment of 
impact of the fire, one resident was determined to defend her property and adhered 
to this decision in spite of loss of water pressure when power failed about half an 
hour before the fire arrived. 

• There was a great deal of moving around in vehicles before the fire struck and during 
the course of the fire. Several residents returned to their properties shortly before the 
fire, and then left again at the last minute. Several of those interviewed reported that 
a mother and her three children attempted to drive away shortly before the fire, but 
were advised by CFA personnel to return home because it was unsafe to leave—all 
four perished. Many of those who fled at the last minute travelled to Kinglake Central 
and sheltered there, in vehicles or in the CFA shed. 

 

The fire of February 7 
 
As described earlier, fire first struck houses in Pine Ridge Road at about 1700, coming from 
the north-west, accompanied by strong winds. Shortly after, a second fire came from the 
south, up the slope of the escarpment, also driven by strong winds. The wind strength was 
sufficient to snap tops off trees, and to dislodge and scatter sheets of roofing iron. 

• The extreme/extraordinary factors on the day were: (a) a lengthy preceding period of 
very high temperatures and low moisture levels in fuels, including timber building 
materials; (b) high fuel loads in the surrounding Kinglake National Park; 
(c) exceptionally low levels of relative humidity; and (d) very high local wind 
velocities. 

• Those interviewed who either fled at the last moment, or attempted unsuccessfully to 
defend their property but survived, reported: (a) being struck by an ember storm; 
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(b) seeing very large flames in the crowns of surrounding trees; (c) strong winds 
coming from different directions; and (d) the loud noise of the fire. 

• Several of those interviewed claimed that a decision by National Park staff to 
deliberately light a back-burn (apparently in a last-minute attempt to protect their lives 
and Park property) contributed to the level of destruction in Pine Ridge Road. 

Outcomes of the fire 
 
All the houses in Pine Ridge Road were destroyed, regardless of whether or not they were 
defended; and irrespective of method of construction (see Figure 7 & Figure 8). Details of 
fatalities had not been made available at the time of writing. According to residents, there 
were several fatalities in houses at the (notionally less vulnerable) north-western end. 

The pattern of destructive fire impact on life and property indicates that some likely 
predictions of building vulnerability, based on current theories and/or models of fire 
behaviour, may have been inadequate for some dwellings, given the conditions of the day. 

• Some of the current parameters concerning defendable space may have been 
inadequate for several of the properties at the north-west end of Pine Ridge Road. 

• Properties at the southern end were not defendable given the conditions of the day, 
and probably still would not have been defendable in milder weather conditions 
(Figure 8). 

 
Overall, the critical factors contributing to the severe impact on life and property in Pine 
Ridge Road were: (a) the preceding extended period of drought; (b) high fuel loads in the 
surrounding National Park; (c) the extreme fire weather of the day; perhaps, (c) a lack of 
preparation to defend properties at the north-west end against severe ember attack; and 
(d) restricted egress. 
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Figure 8 Destroyed timber house at the bottom (south) of Pine Ridge Road: looking south 
toward Strathewen, the Mount Sugarloaf ridge is at the right (west) [note the close proximity 
of trees]. 

Figure 7 Pine Ridge Road and surrounds (National Park Road; Ryan-Ryans Road, Rae 
Street): Property damage resulting from the fire [red = destroyed structure, blue = surviving 
structure]. 
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Understanding and implementation of community safety policy 
 
The level of awareness among residents, in relation to the policy of “prepare, stay, and 
defend, or leave early” seems to have been quite variable. 

• According to those interviewed, many residents from the southern end of Pine Ridge 
Road did leave well before the impact of the fire. However, other residents did not 
appear to have a sound understanding of lower-risk options or better versus worse 
choices in relation to high bushfire danger. Many opted to ‘wait and see”, neither 
making preparations to defend, nor preparing fully to leave the moment there was 
any indication of increased danger. 

• The overall impression created was that despite a high level of awareness of 
potential danger among many residents, this awareness failed to translate into 
decisive action. It appears that there was a general belief that there would be ‘official 
warnings’ (CFA, radio, websites) well before any fire arrived from communities” up-
wind” in the path of the fire: Wandong, Upper Plenty, Glenvale, Whittlesea, 
Humevale. Several of those interviewed reported an expectation that CFA would 
warn residents that a fire was approaching. In the absence of such early warnings to 
serve as triggers, while many residents attempted get more information (making 
phone calls, driving to vantage points) others simply waited until flames and embers 
signalled unequivocally the imminent impact of fire.  

• Those interviewed were very aware of the dangers posed by the weather conditions 
on February 7. All reported monitoring the radio, checking CFA and DSE websites, 
and watching the smoke plume from the approaching fire. Several of those 
interviewed spoke of general community awareness of the hazard posed by Pine 
Ridge Road being, effectively, a dead-end because the southern fire access track 
was impassable to all but four-wheel drive vehicles with full off-road capability.  

• A few residents did prepare thoroughly to defend their homes, but others decided to 
leave at the last minute because they concluded that, owing to the drought, their 
tank water supply was not likely to be sufficient, given the conditions of the day. 

• For several of those who attempted to leave just before the fire struck, a major 
problem was lack of knowledge about where to go in order to shelter safely. There 
was confusion about what roads were open and which were closed. There were 
reports of conflicting information and instructions from CFA personnel to residents 
attempting to flee their homes. 

• While all those interviewed reported keeping their properties clear of fuels, some 
reported that not all residents did so. An un-mowed grass paddock was mentioned 
by some, as was the threat posed by the mature pine trees in the Macedonian 
Church grounds. Several commented on the inevitable risk posed by the vegetation 
in the National Park.  
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Kinglake – Reserve Road  

Overview of the Kinglake Reserve Road Area   
 
Kinglake is a small (population about 1,100), somewhat isolated, elevated 
(551m) township located at the top of the Great Dividing range, about 61k 
north-east of Melbourne. It is located at the intersections of: Whittlesea-
Kinglake Road (to the west), Healesville-Kinglake Road (east), and 
Heidelberg-Kinglake Road (south). Sections of Kinglake National Park lie to 
the south-east, and south-west. 
 

 
Figure 9 Map of the road network around Kinglake 

 
 

To the east of the road intersections noted above, there is a triangle of houses 
along: Healesville-Kinglake Road (east-west), Reserve Road (north-south), 
and Victoria Road ( 
Figure 10). There about 48 properties in this part of Kinglake.  This is the area 
for this study.   
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Figure 10 Map showing the area studied 

 
The composition of households in the area varied considerably. There were a few 
retired couples. There were a few sole occupants. There were a few households 
comprising two adults. The majority of households however comprised couples with 
children. It seems that most breadwinners did not work locally. Several of those 
interviewed were renting. 
 
The terrain is gently undulating. The edge of the escarpment is about 200 m to the 
south-west of the intersection of Victoria Road and Healesville-Kinglake Road 
 
Vegetation: The area comprises large residential blocks, with numerous mature 
messmate stringy bark gums on many blocks. Properties had a variety of garden 
plants, including bushes and small trees—many of European origin. To the south-
west, there are thick stands of messmate (Figure 11). To the south, there is a large 
cleared paddock, which on the day of the fire was grazed stubble. To the south-east, 
there is mature eucalypt forest, part of the Kinglake National Park. 
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Figure 11 Satellite image of the area before the fire (note the large cleared paddock 
to the south of Healesville-Kinglake Road) 

 
Fire Behaviour: The fire of the 7th February came from the south-west, having 
apparently travelled rapidly up the escarpment from the Strathewen area, pushed by 
strong south-westerly winds. Witness accounts put the time of impact at 
approximately 1800.  
 
There was no evidence that the fire impacting on this part of Kinglake was especially 
severe. There does not appear to have been ‘crowning’ of the fire in trees. There is 
little indication of scorching of trees or vegetation on the southern edge of the area. 
Fire damage to vegetation in yards was patchy, and much of this appears to have 
resulted from burning dwellings. There was no evidence of trees or limbs being 
brought down by strong winds.  
 
Buildings: The buildings in the area varied greatly in age and construction. Older 
dwellings were mostly weatherboard, several newer dwellings were brick. Most had 
metal roofs. There is no evidence that the wind was a significant factor in building 
damage in this area. 
 
Houses which were destroyed are in large clusters (see Figure 12), and it seems 
likely that at least some of the houses lost were destroyed by structure-to-structure 
fire transmission. Fuel on some properties (wood piles, garden furniture, leaf litter, 
deadfall, grass, garden material) may have also been a contributing factor to house 
ignition. 
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Figure 12 Property Survey of the Study Area 

 

Fire preparedness before February 7 
 
On the basis of reports by those interviewed there was great variation in preparation 
for a fire prior to February 7.  

• None of those interviewed described detailed planning. Several said that they 
never had any intention of defending their property and intended to leave 
once warned of a fire. 

• One resident had a mobile 9,000L water tank, a13 Hp petrol driven pump, 
hoses, and a supply of Class A foam. Others reported that they had not made 
any preparation. Most residents had water tanks on their property. Several of 
those interviewed reported possessing petrol driven pumps. Some 
commented that the drought meant that tank water levels were low.  

• None of those interviewed described clearing fuels from their property.  

• The overall picture presented is that the level of preparation to protect homes 
against bushfires was low, and most residents did not believe that their 
houses were at risk from bushfire.  
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Decision making and action on February 7 
 
The level of awareness of high fire risk on the part of residents seems to have been 
very low in relation to the extreme fire weather conditions predicted for the day. Very 
few of those interviewed had been checking for warnings on the day.   The following 
quotes provide examples of this behaviour. 
 

Interviewer:  So were you at home at the time of fire? 

Interviewee: Yes, sound asleep, and I got a phone call— 

Interviewer: In the afternoon you were asleep? 

Interviewee: Yes…Because I’d stayed up all night reading  

Interview: Victoria Road 

Interviewer:  So were you at home at the time of the fire? 

Interviewee:  No, I was at me mate's around Glenburn Road. 

Interviewer:   did you ever become aware, you know, that this was about to happen? 

Interviewee:  We saw the smoke but -- 

Interviewer:  What time would that have been on the day? 

Interviewee:  Would have been about 5...But we thought it was down Wandong 
way...And, yeah, we come up - the power went off so we come up to 
get some ice.  We went back, we were going to sit down and watch the 
footy with the generator and then the smoke come up really thick, and 
then me mate ________ goes "Geeze, we better take this a bit serious 
now" and all of a sudden we heard the rumble, and by then we just 
grabbed the kids, put them in the car and took them to me dad's.  

Interview: Victoria Road 
 
On the basis of reports by those interviewed the following observations can be made 
about decision making on  February 7.  
 

• It is not known how many residents had decided to leave their home the day 
before, or earlier in the day. 

• The official warning (ABC radio 774) that Kinglake was to come under ember 
attack appears to have been broadcast only a short time before the fire 
impacted (none of those interviewed reporting hearing the warning message). 
However, the initial impact was not especially intense. Some residents were 
able to safely leave their property at the last minute, others returned to their 
property when the fire impacted to retrieve pets and valuables.  

• The overall impression given by those interviewed was that, with a few 
exceptions, residents were quite unprepared mentally for the reality that a fire 
had struck and were slow to initiate active property defence. 
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The fire of February 7 
 

The extreme/extraordinary events of the day were: a lengthy preceding period of very 
high temperatures and low moisture levels in fuels (including timber building 
materials); and exceptionally low relative humidity. 

While those interviewed who were involved in property defence spoke of severe 
ember attack, they did not describe fire activity or heat being so extreme as to 
prevent fire fighting endeavours as the following quote shows: 

 
 Anyway, so then I came back and started fighting in earnest because we were under 
extreme ember attack then. Houses at the top of the street were starting to burn. I then 
recoated the trees with foam, recoated the house with foam, recoated the front and 
recoated the house. As that was going on I'm also coating around the back. We have got 
a pile of wood in the backyard and a wood shed. I coated that with foam as well.  By the 
time I had done all of that this house was starting to burn...Then the embers started to 
really become quite severe and things started to drop here. I hadn't done anything with 
this and the corner of the top veranda of that house started to burn...So we killed that 
because it was starting to move in underneath the house. We did a fairly severe bit of 
work on that and then left it. Then the house around the back started to burn and I was 
trying to calm the vegetation as far as I could with - because I couldn't get through the 
fence at the time, otherwise I would have made an attack on the house, but I couldn't.  It 
was a little bit too far away for me and the fence got in the way 
Interview: Victoria Road 

Several properties are known to have survived the fire without being defended. It 
seems that the in some cases this may have resulted from green (non-native) 
vegetation screening the structure from embers. Others survived because of quite 
minimal defence by neighbours. 

 

Outcomes of the fire 
 
Of the 48 properties in the area, it is understood that 31 (65%) were destroyed or 
severely damaged. It is also understood that there were five fatalities (including two 
children) at two properties in the vicinity of Reserve Road 1

 
.  

• It seems unlikely that this pattern of destructive fire impact on life and 
property occurred because predictions based on current theories and/or 
models of fire behaviour were exceeded. 

• It would appear that most of the properties in the area were potentially 
defendable under the conditions experienced.  

• It appears that a major factor in building survivability was whether or not it 
was (a) actively defended and (b) a usable water supply was available. 

• The large cleared area to the south of properties along Healesville-Kinglake 
Road would probably have been deemed adequate as defendable space 

                                                           
1 McGourty, J. (Ed.) (2009). Black Saturday. Sydney: HarperCollins Publishers. p. 278 
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prior to the  February 7 fire, nonetheless many of the properties on the north 
side of Healesville-Kinglake Road were destroyed, presumably by ember 
attack. As shown in Figure 10, the large clearing to the south extends well 
beyond 100 meters from properties and would have been regarded as Class 
One vegetation (low risk)2

 

). 

Understanding and implementation of community safety 
policy 
 
The level of community awareness and preparation, in relation to the policy of 
‘prepare, stay, and defend or leave early’ seems to have been generally low. 
 

• Few residents appear to have understood the high level of risk posed by the 
predicted fire danger weather conditions. Several residents fled in vehicles at 
the last minute. 

• Some residents had at least a rudimentary understanding of what is involved 
in defending a property against fire. That is, they had equipped themselves 
with a water supply, pumps, hoses, and implements for fighting fires. It also 
appears that some residents underestimated the level of risk posed by the 
predicted weather conditions and had not ensured that their equipment was in 
operating condition. 

• Individuals did not, generally, perceive the fire danger risk on the day to be 
exceptionally high. Prior media warnings were not given a great deal of 
credence. On the day, the weather conditions were not deemed to be 
extreme. 

• At least one resident expected to receive direct advice from authorities that it 
was time to evacuate: 

 
Interviewer:  So, yeah. So, when you - when did you actually decide to leave the 
           house? 
Interviewee:  Once I'd packed the photos, then me and my brothers were all going to 

meet up at the one house there. And then, if it did get, if we were 
told...And then if we were told that it would get serious and that we 
should leave, like, we were told to evacuate, then we would. 

Interviewer:  Who would you expect to tell you to leave? 
Interviewee:  An authority. 
Interviewer:  Yeah.  And do you know who that'd be or how it would come to you, or? 
Interviewee:  Well, normally it would either be the police would come around, I would 

think, or somebody.  
 

Interview: Victoria Road 
 

Overall, the preceding extended period of drought, and the extreme fire weather on 
the day undoubtedly played an important role in the outcomes of the day. However, 
evidence suggests that other factors contributing to property loss in this area were: 

• Lack of preparation before February 7 to reduce fuel loads adjacent to 
homes. 

                                                           
2 CFA (2007). Building in a wildfire management overlay. Burwood: Country Fire Authority 



 

Chapter 5 | Page 20 
Integrative Studies – October 2009 – Final Report 

 

• Lack of preparation before February 7 to defend homes effectively in the 
event of fire. 

• Poor understanding of the risks posed by the weather conditions predicted 
the day.  

• The small number of residents involved in active property defence. 
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Strathewen 
 
Strathewen is a small, rather isolated, rural community some 41 km north-east of 
Melbourne. The nearest population centre with services, shopping, and a business 
facility is Hurstbridge, some 16 km south-west. There are about 40 properties in the 
area, with about 200 residents. There are no major roadways connecting Strathewen 
directly with major population centres. Local roads are narrow and unsealed. The 
major sealed road into and out of Strathewen is Cottles Bridge-Strathewen Road, 
running to the south-west. 
 
In the previous century Strathewen was the centre of considerable agricultural 
activity: mostly orchards and beef cattle. However, over the last few decades this has 
declined. There are now only a few working farms, plus some vineyards. Most 
properties could best be described as hobby farms, several of these support horse 
breeding and training activities. The ‘central’ portion of Strathewen consists of 
smaller-sized properties in and around a broad gully sloping up to the east from the 
intersection of Cottles Bridge-Strathewen Road and Chadds Creek Road.   
 
Outside this ‘central’ area there are hobby farms/acreages spread in a broad arc 
from north-east of the central area round to the south-west, enclosed (roughly) by 
Eagles Nest Road (west), School Ridge Road (south) and Bald Spur Road (east and 
north), and extending north along Chadds Creek Road, past where this diverges to 
the north-east from Pine Ridge Road. Pine Ridge Road climbs steeply (access by 4-
wheel drive only) to the Pheasant Creek (Kinglake West) area which was also 
affected badly by the fires of February 7th. (Figure 12) 
 

 
Figure 12 Topography around Strathewen 

Data from the 2005 census indicates the composition of residents varied greatly. A 
small number were retirees, most comprised families with children. Many residents 
were professionals, who commuted to their place of work. Others worked locally. The 
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main reason given for living in Strathewen was the natural environment.  Anecdotal 
evidence suggests that there has been little change in this profile in the period since 
the census although there may have been an increase in the proportion of the 
population commuting for work and some who are not usually resident in the area 
(i.e. weekend proprieties/second homes).  
 
The terrain is undulating to moderately steep. The overall slope rises to the east and 
to the north, rising steeply to the north along Pine Ridge Road to Kinglake West. 
Gullies tend to drain down to the west, and down to the south from the Kinglake 
plateau. Around Strathewen, apart from the highest ridges, vision is limited to 1 or 2 
km because of ridges and gullies. 
 
Prior to the fires vegetation was mostly unimproved grass cover on the more gently 
sloping areas, with open eucalypt forest elsewhere, comprising mostly mature 
messmate stringy bark, box, and manna gums. Scattered casuarinas and native 
cherry trees, and stands of conifers were on some properties. There was 
considerable vegetation in the central area of Strathewen. Properties varied greatly 
in the amount and type of vegetation near to dwellings, few had overhanging trees. 
 

 
Figure 13 Strathewen 

 
Fire Behaviour: During most of February 7, winds blew strongly from the north-west, 
pushing the Kilmore Fire towards the Strathewen area in the course of the afternoon. 
It appears that there was considerable spotting ahead of the advancing ‘head’ of the 
Kilmore Fire. A spot fire was extinguished by an Arthurs Creek-Strathewen CFA 
brigade tanker in the Eagles Nest Road area at about 1530. At about 1610 a resident 
at 395 Eagles Nest Road made a 000 phone call reporting fire at the property. From 
this time on, survivors’ reports are consistent with the wind having changed direction, 
blowing strongly from the west to south-west, bringing smoke, embers, and flames. 
Properties were impacted by embers, flames, and radiant heat over the time period 
1610 – 1700, the later times by residents of properties further east (Rankines Road). 
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These reports are consistent with the on-ground observations of trees with trunks 
broken off several metres above ground are consistent with wind velocities in the 
order of 120 km/h. It seems likely that ambient winds combined with convective 
effects of the fire to generate local extremes of wind intensity and fire activity. 
 
Buildings: There were great variations in the nature of residential properties in the 
area. Many homes were more that 30 years old. These were mostly: mud brick with 
wooden posts and beams; fibro-cement sheeting on concrete or wooden piers; or 
weatherboard on concrete or wooden piers. All had metal roofs. More modern homes 
were likely to be brick, with metal roofs. 
 
It appears that recently constructed homes (within the last 10 years) were more likely 
to have survived compared with older buildings. Older homes constructed of fibro-
cement sheeting and standing on piers may have been especially vulnerable.  
 

Fire preparedness before February 7 
 
Based on interviews with survivors, and witness testimony to the Bushfires Royal 
Commission, there was great variability among householders in the amount of 
advance preparation undertaken prior to the fire. 
 

• There was little evidence of detailed planning. Rather, residents had 
intentions, of differing degrees of firmness: to stay and defend the property, to 
wait and see, or in a very few instances, to leave when there was any 
indication of a likely fire event. 

• There was little evidence that those who adopted a ‘wait and see’ approach 
were ready to leave immediately following evidence of an imminent fire 
attack. 

• Most residents had made at least some preparation to defend their home. 
Some had made quite comprehensive preparations, with water tanks, petrol 
driven pumps, and sprinklers. In many instances, however, these 
preparations proved inadequate.  

 

Decision making and action on February 7 
 
The level of awareness of fire risk on the part of residents was generally inadequate 
in relation to the extreme fire weather conditions predicted for the day. 
 
Evidence of a Strathewen resident who appeared before the Bushfires Royal 
Commission is revealing: 
 
Counsel Assisting: You mentioned in your statement that because people in the 
area, or at least in Strathewen, didn’t receive newspapers, not many people in 
Strathewen would have come to learn of the Premier’s warning about Saturday 7 
February? 
Witness: That’s correct. You see, we live in a different world to you people down 
here. People live in that particular area to get away from the hustle and bustle of the 
city…Now, my wife was very simple. She just listened to CDs on the way to work, 
she never read a newspaper, she didn’t watch television news. She was typical of 
most persons who live in Strathewen, and they would have been taking the same 
view of what was around them. 
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The impact of the fire was so sudden and unexpected that, for many, decision 
making was impulsive: to begin to defend, to seek shelter, or to flee. 
 

• All of those interviewed who attempted to defend their property spoke of: the 
ferocious wind, the heat intensity, the intensity of the ember storm, and the 
duration of the extreme heat and ember attack (30 – 60 minutes). 

• For those few who decided to leave early, the deciding factors included: being 
parents of young children, doubt that the home could be defended in light of 
the drought conditions and lack of confidence in their physical or 
psychological capability to defend their home. For those who left at the last 
minute, the deciding factor seemed to be that what they were confronted with 
far exceeded their prior expectations of a bushfire: wind, heat, embers, noise. 
For those who stayed and defended, some decided that it was too late to flee 
and thus they had no option, others were always determined to defend their 
property and believed that their preparations would enable a successful 
defence. 

• Some decisions to leave at the last moment were influenced by seeing others 
fleeing at the last moment. 

 

The fire of February 7 
 

• The extreme/extraordinary events were: exceptionally low relative humidity, a 
lengthy preceding period of very high temperatures and low moisture levels in 
fuels (including timber building materials); and very high local wind velocities. 

• All of those interviewed who defended their property (successfully or 
unsuccessfully) reported that elements of their defence failed: electric power 
was lost, petrol-driven pump motors stopped when petrol vaporised, plastic 
pipes and fittings melted, building integrity failed, physical exhaustion 
impaired activity. Almost all reported a moment of psychological crisis when 
they had to muster their mental resources, by an act of will control their 
negative thoughts and emotions, and renew their defensive endeavours. 

 

Outcomes of the fire 
 
Within the central area of the Strathewen community and immediate surrounds, there 
were 27 fatalities, that is, about 14% of the residents. 
 
There was extensive destruction of buildings; about 80% of homes were destroyed. 
Overall, more than half the dwellings in the Strathewen area were destroyed or 
severely damaged. The local school was destroyed. 
 
This pattern of destructive fire impact on life and property probably exceeded some 
likely predictions based on current theories and/or models. 
 

• Many of the properties were not defendable under the conditions 
experienced. It appears that a major factor was the location of a property. If a 
dwelling was on a flat area, or on a slope facing south-west to north-east, and 
thus exposed to the full impact of the fire, it was unlikely to survive—
regardless of the nature of the building, the preparations, the defendable 
space, or the actions of occupants. In contrast, dwellings protected by ridge 
lines to their west were likely to survive, in spite of nearby fuels. 
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• Some of the current parameters concerning defendable space were probably 
inadequate in the context of fire behaviour on Saturday 7th February in the 
Strathewen area. Many of the properties surveyed had defendable space 
which would probably have been deemed adequate prior to the 7th February 
fire, nonetheless these properties were destroyed. 

 
Overall, the critical factors contributing to the severe impact on life and property 
related to: the preceding extended period of drought, and the extreme fire danger 
weather on the day. 
 

Understanding and implementation of community safety 
policy 
 
The level of community awareness and preparation, in relation to the prevailing 
policy of ‘leave early or prepare, stay, and defend’ seems to have been generally 
low. 
 

• It appears that, overall, many householders did not have a sound 
understanding of lower-risk options or better versus worse actions in relation 
to a bushfire: few left the area the day before or early on Saturday. Few 
residents appear to have understood the high level of risk posed by the 
predicted fire danger weather conditions. Many residents attempted to flee in 
vehicles at the last minute, several perished. Local roads are narrow, in many 
locations too narrow for vehicles to pass, with tree-lined verges. The strong 
winds brought down trees and blocked roads, preventing escape in vehicles 
and hampering access to the area after the fire. 

• It appears that most residents had at least a rudimentary understanding of 
what is involved in defending a property against fire. That is, they had 
equipped themselves with a water supply, pumps, hoses, and implements for 
fighting fires. It also appears that all underestimated the severity of the impact 
of the fire or the demands that this would place on those attempting to defend 
their property. 

• Some of those residents interviewed were, or had been, CFA volunteers and 
it is likely that their training contributed to their survival. None of those 
interviewed referred explicitly to community organizations such as the local 
fire guard/phone tree group. It is understood that a fire guard group was 
established in 1996 and had 30 members. There is no evidence that it was 
especially active prior to the events of & February.  

• Individuals did not, generally, perceive the fire danger risk to be exceptionally 
high. Media warnings were not given a great deal of credence. On the day, 
the weather conditions were not deemed to be extreme. 

• While many residents interviewed reported prior experience with fires, these 
were small and in no way prepared them for the events of Saturday 7th 
February. One resident claimed that the last serious fire in the area occurred 
in 1962—a fuel reduction burn on a property that ‘got away’. A few residents 
reported that they had been concerned in February 2006 by threats posed by 
a fire burning to the north of Kinglake. They contrasted the warnings to 
communities associated with that fire with the lack warnings concerning the 
7th February fire. 

• There was no information broadcast on radio 774 concerning Strathewen, nor 
was there mention on the CFA and DSE web sites, before the fire impacted. 
The fire impacted so rapidly that residents had no time to seek more 
information beyond what they could see, hear, smell, and feel. 
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Marysville 

Introduction 
 
The aim of this study is to contribute to an understanding of the events that led to the 
significant losses, in particular loss of life, which occurred in the Black Saturday 
bushfires in Marysville on February 7th 2009.  The guiding questions to be addressed 
are set out in the Bushfire CRC ‘Integrative Studies research outline’. 
 
This report is based on data collected by the Bushfire CRC Research Taskforce (the 
Taskforce).  The main source of data is 30 qualitative interviews conducted with 
residents and business owners in Marysville.  

Limitations 
It is important to recognize the limitations of this report to fully address the questions, 
as set out in the Bushfire CRC ‘Integrative Studies research outline’. At the time of 
writing, data available to the researchers was limited to that collected by the Bushfire 
CRC Research Taskforce. Although this information is comprehensive within the 
scope of the Taskforce objectives, key elements which are missing are the locations 
and circumstances surrounding the 34 fatalities, maps showing the fire spread and 
perimeter and official details of action undertaken by the fire and emergency 
services, in particular the Victorian Police, CFA, DSE and SES. 

Study Area: Marysville 
Marysville is a small Victorian town located 100 kilometres north west of Melbourne 
(see Figure 14) in the Shire of Murrindindi. The nearest rural centres are Healesville, 
located 34 kilometres south east, Alexandra, located 41 kilometres to the north and 
Warburton, located 45 kilometres to the south. Road access to Marysville is via three 
sealed roads: Marysville-Buxton Rd, Marysville Rd and the Marysville-Woods Point 
Rd (Figure 15).  
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Figure 14 Location of Marysville (Google Earth, 2009) 

 

 
Figure 15 Marysville road access and location to nearest population centres (Google 
Maps, 2009) 

 



 

Chapter 5 | Page 28 
Integrative Studies – October 2009 – Final Report 

 

Population 
The 2006 Census (ABS, 2008) recorded Marysville as the usual place of residence 
for 519 people. The age distribution of this population is shown in Figure 16.  
 

 
Figure 16 Age distribution of Marysville population (ABS, 2006) 

 
Marysville was a popular tourist destination and employment statistics reflect this, 
showing most Marysville residents are employed in tourism supporting industries, 
such as accommodation (35.8%), and cafes, restaurants and takeaway food services 
(5.1%) (ABS, 2008). Other industries include building services (3.5%), Log 
Sawmilling and Timber Dressing 3.1% and Postal and Courier Pick-up and Delivery 
Services 2.8% (ABS, 2008). 
 
The 2006 Census (ABS, 2008) recorded 385 private dwellings (includes houses, 
units, terraces etc) in Marysville. In these dwellings lived 147 family households, 57 
lone person households and 9 group person households.  

Topography 
Marysville lies in the foothills of the Great Dividing Range and has a complex 
surrounding topography. It consists of broad valleys to the northwest rising to the 
sub-alpine peak of Lake Mountain to the east. In this position, Marysville is 
surrounded by numerous valleys and hills which would strongly influence wind 
direction and local fire behaviour. This is evidenced by numerous descriptions of 
multiple directions of fire approach.  

Vegetation 
The vegetation surrounding Marysville is variable with grasslands in the valleys, used 
for grazing and agricultural production, through to tall wet eucalypt forest (E. 
regnans, E. viminalis) in deep gullies, open dry eucalyptus forest (E. obliqua, E. 
dives) on hillsides, to sub-alpine woodlands and heath lands at higher altitudes. In 
addition there were numerous pinus radiata plantations. 
 
Within the town boundaries the vegetation changes rapidly to predominantly 
cultivated gardens. Street trees are mostly exotic species. 
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February 7th 2009 
 
Marysville was within the boundary of the fire referred to as the Yea-Murrindindi 
Complex. This fire initially spread SE from the point of origin near Murrindindi 
towards Healesville.  The fire was narrow; with its eastern flank somewhere between 
the Murrindindi River and Black Range Rd. Evidence of spotting and north east 
spread near Bull Creek Rd suggest this was as far as the fire progressed in this 
direction before the wind change.  After the wind change the fire spread north east 
towards Marysville and the Goulburn Valley highway.  Near the southern edge fire 
behaviour was moderate, e.g. <1 m flame height in pine plantation west of 
Maroondah Hwy-Marysville Rd intersection.   
 
Fire behaviour in most of the fire area was intense (full crown scorch or defoliation); 
intensity patterns followed the terrain and wind direction (e.g. more intense 
windward/upslope, less intense leeward/downslope). Spread observations along the 
Maroondah Hwy showed NE spread across the highway.  An interesting exception 
was a length of 1 km along the highway near Marysville Rd showed SE spread, 
indicating long distance spotting.  No observations were made east of the 
Maroondah Hwy due to road closures.   

Summary 
• Interviewees were aware of the expected weather conditions. 
• This awareness did not necessarily translate to awareness of fire risk in 

Marysville. 
• Many interviewees felt the risk of fire in Marysville was low due to its location 

and lack of fire history. 
• The weather on the day, although very hot, was clear and for much of the 

day, not very windy. 
• Most interviewees saw the smoke from the Murrindindi Mill fire, but most 

didn’t recognise it as smoke; or thought it was smoke from the Bunyip or 
Kilmore fires; or didn’t feel the fire posed a significant threat to Marysville. 

• Information on the fire, its progress and predicted path, was very difficult to 
obtain. 

• Once residents realised Marysville may be impacted by the fire, most began 
preparing to stay and defend.  

• Most warnings interviewees received of the impending fire were informal, 
from neighbours, friends or members of SES, CFA or DSE. 

• Expectations of a fire in Marysville were for a small and easily manageable 
fire. 

• Most interviewees abandoned their plans to stay and defend on advise (by 
neighbours, friends and emergency services) to leave or on seeing flames on 
the nearby hills. 

• Most interviewees went to Gallipoli Park, which became a refuge point. 
• Driving conditions for a convoy leaving Marysville to Alexander were poor, 

with low visibility due to smoke and high winds. 
• Residents who arrived at Gallipoli Park after the convoy had left were unable 

to leave due to deteriorating conditions (high wind, fallen trees) and thus 
stayed at the oval overnight. 

• A small number of interviewees successfully stayed and defended. Their 
levels of preparedness varied, but were generally high. 
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Perceptions of bushfire risk 
 
Most interviewees knew of the weather predictions for the day, and many had also 
heard there was an extreme fire danger warning, however many did not believe a fire 
would actually impact them. Many interviewees referred to the lack of fire in 
Marysville in the past and to other fire events, such as the 1939 fires, where the fire 
burnt from Narbethong to Buxton, but missed Marysville (Fahy, 2003).   
 

“I remember being absolutely amazed about the temperature, what they were 
predicting the temperature to be, but I don’t think I’d put two and two together 
and said that is a potential for bushfire.” 

 
 

“…we’ve been here 20 years and there have been a lot of bad days and there 
have been fires and no, we didn’t plan for a fire. We knew what we’d do if 
there was a fire, but we would never, had never thought, or never planned 
(that) today, tomorrow there might be a fire.” 

 
 

“…no one expected it, it’s always gone past Marysville for the last hundred 
years…always missed and everyone was getting a bit complacent, thinking 
that it would never come in here ‘cause we’re supposed to be in some good 
valley…” 

 

Finding out there is a fire 
 
All interviewees saw smoke from the Murrindindi fire, often not long after the fire had 
started (3pm onwards). Interviewees had a variety of reactions to seeing the smoke, 
some not recognising it as smoke, thinking it was a cold front or a large cloud or 
thinking it was smoke from the Kilmore or Bunyip fires and therefore posed no threat. 
For others, the sight of smoke was impetus to seek further information, from either 
formal (DSE/CFA website) or informal (speaking to neighbours and friends) sources 
and it also prompted many to enact their fire plan.  

Information flow 
 
Following confirmation the fire was at Murrindindi, many interviewees believed 
because of the distance to Murrindindi (approx 30km), the danger of the fire 
impacting Marysville was low and if it did reach Marysville it would take many hours 
to travel the distance. 
 
Information about the fires appears to have been difficult to obtain, particularly from 
formal sources. DSE/CFA websites were hard to access due to the high demand and 
interviewees noted that once they were on the sites there was no indication the fire 
would impact Marysville. Interviewees who used the websites found them lacking in 
relevant information and many commented the information did not seem to be up to 
date, as they looked at it over many hours and the size and status of the fire 
appeared not to change. 
 

“…they had a laptop with the CFA website on it and the fire was at 
Murrindindi and it was staying at Murrindindi and it wasn’t moving” 
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Some residents were tuned into ABC Radio 774 and others were listening to the 
local radio station, UGFM. Some commented they heard the fire at Murrindindi 
reported by the ABC 774 and UGFM, but that there was little reference to Marysville. 
One interviewee stated information on the ABC 774 was that the fire was small. 
 
At approximately 17:15 (Four Corners, 2009) the power to Marysville went out, thus 
residents lost access to the internet and radio, and where they did not have a fixed 
line or mobile telephone, also lost telephone contact. Most interviewees had not 
anticipated a loss of power and thus did not have alternative resources, such as a 
battery powered radio.  Mobile reception, particularly with Telstra, appears to have 
been maintained throughout and several interviewees spoke to friends and family 
outside the fire affected areas to gain information on the status of the fire. Again, 
many interviewees commented the websites were not kept up to date and there was 
little information on ABC 774 and therefore despite seeking information from outside 
the fire area, there was still no indication the fire was heading towards Marysville.  
 
A key information source for interviewees were friends, family and neighbours, 
particularly in regard to warnings that the fire was impending and advice to evacuate 
to Gallipoli Park.  
 
The most significant indication the fire was going to impact Marysville were the visual 
cues, seeing smoke and flames. Many interviewees did not realise the fire was 
impending until the area was engulfed in smoke or they saw flames on the 
surrounding hills. This meant the real threat, the size and speed of the bushfire, was 
not realised by many until moments before the fire impacted Marysville. 

Planning and preparation 
 
The level of planning and preparation for a bushfire event varied markedly among 
interviewees. Generally, there was a low level of preparation and this can probably 
be attributed to the general feeling that Marysville was safe from bushfire. Where 
there was preparation, it was often minimal and in line with normal maintenance of a 
property, such as mowing, clearing debris and cleaning gutters.  
 

“Well we did get information a few weeks prior that it was going to be a really 
bad fire season okay. And we are guilty to it, we weren’t prepared for it. We 
didn’t actually take any notice of it to be honest, we didn’t you know. And 
that’s what I said to ____ the other day. We really didn’t – it won't happen to 
us. It's like an accident, when you're driving, it's not going to happen to us, it 
always happens to someone else. So we honestly weren’t prepared.” 
 
“...and all this talk about putting our fire plan into action, well to be quite 
truthful, we didn’t have one” 

 
Interviewee 1: “We didn’t have a fire plan” 
Interviewee 2: “You just don’t even think about it” 
Interviewee 1: “We’ve never thought about it. I mean whilst the CFA say quite 
regularly you should have a fire plan, you sort of think we live in the middle of 
town. And our location…we were probably 200 metres from the bush.”  
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A small number of residents were very well prepared, and in most cases they 
successfully stayed and defended. These people generally all had some kind of 
previous bushfire experience (for example, were members of the CFA) or had 
attended CFA community meetings. These residents tended to have a realistic 
expectation of the fire risk, of what would occur during a fire, and were confident in 
what they were doing.  
 

“I’ve prepared over a number of years really. I’ve had this tank and the setup 
I’ve got, the system I’ve got has been here for quite some time. Two years 
ago we had a fire meeting, where a member of the CFA came and gave us a 
lecture at one of the homes in [interviewees street]. We discussed the 
situation because we’ve other bad years. We walked all the houses down in 
the court, probably about half a dozen homes.” 

 
These people were also less reliant on personal warnings, taking the weather 
conditions and predictions of extreme fire weather as enough to prompt being ready 
for a fire, including monitoring the environment for signs of smoke. The following is a 
couple that had made significant house preparations and subsequently successfully 
stayed and defended their property. 
 

“…most of this was at the suggestion of the CFA which, two years ago I think, 
it might have been three years ago, at the instigation of our then counsellor, 
______, the CFA visited the village and offered people training sessions, first 
of all, with a general briefing, in the Village Hall with smaller briefings in 
people’s homes and then if you wanted they would come to your house and 
do an on the spot inspection and assessment of your vulnerabilities and 
advise you on how you could deal with those.   
“We were one of the few families in the visit that availed ourselves of all of 
that and we took them at gospel.  So we went out and bought all this kit.  We 
bought the right clothes and so forth.  We had our bags packed, we had a big 
ski bag packed with the sort of stuff that we would need.   
“At the beginning of each summer, we also take down all our precious stuff.  It 
amounts to a whole car load’s worth of irreplaceable documents and 
photographs and all this sort of thing which we store in our daughter’s flat in 
Southbank.  So, basically, this is our drill at the beginning of summary, you go 
through certain procedures.  You keep the environment of your house free of 
debris and all that sort of thing that the CFA told you about.  It’s just simple 
defensive preparations.”   

 
 

This resident goes on to describe the general feeling in Marysville is that bushfire is 
unlikely to impact the town because of its location (being in a valley) and the lack of 
fire impacting the town in the past. The resident commented that other residents had 
felt the high level of preparation was unnecessary. This appears to be an accurate 
assessment as represented by the lack of bushfire risk awareness and lack of 
planning or preparedness. 
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Intentions – Stay and Defend or Leave Early 
 
Table 1shows the intended action of interviewees in a bushfire situation. Although 
people’s intentions were intended to reflect what they were planning to do before this 
fire event, it is likely their experience in this fire has influenced their response to 
reflect what they did do. 
 

Intention Number 
Stay and defend 17 
Leave early 6 
No plan 5 
No plan specified 1 
Not applicable 1 

Table 1 Intended actions in a bushfire 

 
Despite believing Marysville had a low risk of being impacted by a bushfire and a 
generally low level of preparedness for such an event, most (17) of the interviewees 
were intending to stay and defend. In many cases, staying and defending was 
dependant on the size of the fire, with many qualifying their intention to stay and 
defend with conditions for what type of fire they would stay or that they would stay 
until embers stated, but anything more than embers would prompt them to leave. 
 
None of the interviewees intending to leave early (6) specified what the trigger would 
be to leave. Nor did they know where they would go.  

Warnings and Evacuations 
 
Despite most interviewees stating they received no official warning and little time to 
prepare for the onset of the fire, there seems to be some areas where there was 
awareness of the impending danger, resulting in the evacuation of some residents 
from Marysville.  
 
The SES had a list of vulnerable people in the town and volunteers were involved in 
moving them out of Marysville (to Alexandra).  
 
A DSE employee was also involved in advising people to leave, although it unclear 
from the interviews whether she undertook this as part of her role at DSE or of her 
own initiative.  Several interviewees living in the Falls Rd and Lyell St areas were 
advised by this DSE employee to go to the Cumberland Hotel. On this advice the 
residents went to the Cumberland Hotel, only to find it unoccupied. They then made 
their way to Gallipoli Park.  
 
All interviewees stated they spoke to friends, family or neighbours and this was often 
their prime source of information. Most often this was how word travelled that 
Gallipoli Park was the evacuation point.  

Tourists 
 
Fortunately due to the extended hot weather there were fewer tourists than usual in 
Marysville on the day of the 7th February. There were, however, tourists in town, 
some day visitors and some staying in accommodation.  
 



 

Chapter 5 | Page 34 
Integrative Studies – October 2009 – Final Report 

 

“I said, well I’m going to get out, I think it’s wise you do. I went down to the 
main road and there were tourists walking up and down the main road eating 
ice cream” 

 
This created difficulties for accommodation providers and sometimes, just residents 
in general. It appears most tourists did not realise the fire risk nor did they know how 
to react to the threat of fire. There were a variety of responses, from tourists leaving 
early in the day, before the fire at Murrindindi had even begun, to others who wanted 
to stay and help the accommodation owners stay and defend.  
 

“There was 80 people or something from Marylands (Country House) that 
didn’t have a bus.  The bus had gone back to Melbourne to pick up more 
guests.  And they were stuck down there, they had no transport or nothing, 
and everyone’s putting them in vans and Winnebago’s.  If there’s a spare 
seat in your car – all that kind of shit.  I think one guy even put one in the 
boot.  I mean, they had to, there was no transport.” 

 

Fire behavior 
 
The impact on Marysville occurred after the wind change, causing the fire to spread 
north east towards Marysville. Fire behaviour indicators in and around Marysville 
were predominantly for south westerly winds, although some examples of fire spread 
direction were apparently terrain dominated.  
 
The fire behaviour was generally within the scope of the current fire behaviour 
models when their known limitations are taken into account (such as rate of spread 
being influenced by heavy short distance spotting). However, interviews with 
residents suggest the fire behaviour observed by residents was beyond their 
expectations and may have played a pivotal role in their decision making and 
subsequent actions. 
 
As already stated, many residents did not think Marysville would be impacted by fire 
due to its location and fire history. Many interviewees also thought that if a fire did 
come to Marysville it would be small and ‘manageable’. This perception appears to 
again stem from the location and fire history of the area, but also came from what 
their expectations of a bushfire were. Overall, it appears this fire was much bigger, 
faster and ferocious than interviewees expected.  
 

“So we decided to try and get out through Granton, and go down the hill 
towards Granton and the fire was already spotting, and spotting, I think 
people sort of hear the word spotting and think they’re little spot fires, but they 
were the size of buildings.” 

 
“I wasn’t expecting what happened. I was expecting some fires and stuff but I 
didn’t think there’d be any problems at all, actually.” 
  
“This was more than a bushfire, this was a fire storm. It wasn’t a normal 
bushfire. This art of devastation and destruction is not normal.”  
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Several residents made reference to there being a distinction between different types 
of fires, for example: 
 

“…we just thought it was going to be a bushfire and I tend to sort of think in 
three categories, bushfire, wildfire and fire storm and nobody had a clue that 
it was actually a fire storm until really fifteen minutes before the fire actually 
hit town.” 
 

It appears that it is this distinction that this fire was much bigger than people 
expected, which resulted in many of the interviewees abandoning their plans to stay 
and defend and leaving, either seeking shelter at Gallipoli Oval or leaving Marysville 
for Alexandra. 
 
Description of heat as the fire front hit Marysville 

“so the heat would just cook you really from 80 metres you would be just 
cooked” 

 
Couple who tried to stay and defend 

“…the fire was coming a great deal close and we could hear the roar. It 
seemed to come very quickly at the last minute… We had a horizontal 
hailstorm of burning embers, some the size of golf balls, accompanied by a 
thick smoke cloud and gigantic flames leaping over the back fence towards 
our house.” 

 
The fire was much faster than expected. This resident planned to switch on a fire 
pump connected to sprinklers on the house when embers started and then evacuate 
with her two children to the oval.  She believed embers would start well before the 
fire arrived, giving her time to safety evacuate, but… 
 

“So like when I first saw the embers, that was it – I went out and switched the 
pump on and it must have been like, would have been no more than a minute 
by the time – so it’s right at the back door… 
Went out, switched it on, walked back inside, grabbed these two, walked out 
to the car as the other door of the house, it was scary scary, like big chunky 
stuff flying through the air and there was very big flames like right at the back 
of the house.  So it was just so incredibly quick.” 

 
Observations from Gallipoli oval just before the convoy to Alexandra 

“Houses were just exploding and the fire wasn’t even near them, you know, 
like I was watching the back houses up here when they went, and those 
houses, they weren’t even on fire. Just boom, boom, gone, like within – I 
dunno, I was probably watching for a minute and I saw four or five houses up 
there were already gone…” 

Community Refuge/ Shelter 
 
Three locations were identified by interviewees as places they believed were 
community refuge points (Figure 17): 

• The Cumberland Hotel – a large brick building located on the main street in 
Marysville; 

• Gallipoli Park – a sports oval close to the centre of town; and 
• The clubhouse at the Marysville District Golf and Bowls Club – located 

approximately 2.4km from the centre of Marysville on the Marysville-Buxton 
Rd.(Figure 18) 
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Figure 17 Location of Gallipoli Park and the Cumberland Hotel in Marysville (Google 
Earth, 2009) 

 

 
Figure 18 Location of Marysville District Golf and Bowl Club, 2.4k, from Marysville 
town centre (Google Earth, 2009) 
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None of these locations were endorsed or maintained as official refuges, either by 
the CFA or the local council.  Although not officially recognised, one interviewee 
recalled a discussion of refuges at a CFA community meeting, where it was 
suggested by the CFA that the oval might be a safe option, but the CFA were not 
able to officially recommend it. Another interviewee said the oval had, at one stage, 
been a designated refuge, as had the golf club and that although these places were 
no longer officially designated, residents remembered they once were. 
 

“…in the CFA planning and going to the community meetings in the year, we 
had been to a number of these community meetings, the CFA had always 
made it very clear to us that there was no spot they would recommend 
because they weren’t going to take any responsibility. They did say Gallipoli 
Park would be a good spot, but the problem with that is there’s no toilets, no 
water, and no shade. So there’s the business if you’re going to end up being 
caught. They said places like the hotel or the Cumberland would be good 
because you could get food and water, if you had to stay for any particular 
time. But they weren’t making any recommendations.” 

 
Despite there being no locations officially designated as refuge points, it appears 
individuals had designated these locations as safe areas. Some recalled that these 
locations were official refuge locations in the past, others just recognised them as a 
safe place to be during a bushfire. This interviewee is giving an opinion of why 
people would choose Gallipoli Park as a safe place. 
 

“I think it was just the logical place for people to go to because it is the only 
cleared open space in town. I am not sure why people went there rather than 
just left town but I don’t think anybody including myself, had any idea of the 
severity of the fire.” 

Gallipoli Park 
 
Many interviewees went to Gallipoli on the advice of others (neighbours or friends). 
Many were intending to stay and defend, but on advice to leave for the oval, did so 
immediately. 
 
A large number of people congregated at the oval in cars. On the advice of the SES, 
police officers organised and escorted an evacuation of the people out of Marysville 
at approximately 18.45 (Four Corners, 2009). From interviewee descriptions this 
occurred just as the fire was beginning to impact the town. 
 
Although the roads were clear of trees, interviewees described the journey towards 
Alexandra as terrifying due to the strong winds, quantity of debris being blown 
around and the low visibility due to smoke.  
 

“The sky was black and the car was hot from the black range – the heat 
radiation across the Maroondah Highway – the car was hot. Some cars 
ended up with blistered paint.” 

 
“I would’ve hated to have been the last guy.  He had all his tail lights melted 
on his car when he was driving out.  That’s how close they were – the fire 
was following them out of town.  It was like there, along the oval … - we’re in 
our car – cops say go, we’re all going out that way.  By the time we got out of 
there all this fire was down in there – in there and then the Mercedes Benz, 
his tail lights have melted that much that it’s dripped over the bumper down 
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the … down the back of the thing before the lights and over the bumper.  And 
there’s even bits dripping down off the edge of the bumper.” 

 
Conditions in Marysville continued to deteriorate as the fire began to impact the town, 
more residents headed to Gallipoli Park to shelter.  Several interviewees described 
the difficulty of finding the oval, despite knowing the town roads very well. 
 

“I said, well I’ve done all I can. Get to the oval. I thought where’s the oval? 
You couldn’t see a bloody thing. So I saw a fire fighter come out and followed 
him, hopefully he was going to the oval. Lucky he was…They turned left so I 
left and they were going down towards the oval. We stopped there so we 
couldn’t tell where we were. We thought we were on the oval, but we weren’t 
though, we were about bloody 70 feet short of it.” 

 
After the first convoy, it became impossible for people to leave Marysville as trees 
had come down on the road and there was significant smoke and fire in the area. 
People arrived at the oval at this point, including a number of CFA and DSE 
personnel. These people stayed at the oval until the following morning, when a 
second convoy was escorted to Alexandra.  On the oval, interviewees described it as 
frightening, but they felt safe. One interviewee described that DSE and the single 
police officer remaining in town, were in control of the situation, continually checking 
people were safe and coping. 
 

“Everywhere was burning all around us but I felt like a really safe spot, like 
the trees were burning around us and the hills were burning all around us and 
gas bottles were exploding in all the guest houses and everything but you felt 
we’re safe here because it’s just a big open grass area.” 

The Cumberland Hotel 
 
Three interviewees stated a DSE employee advised them to go to the Cumberland 
Hotel. On arriving there, they found it unoccupied.  

 
“So we drove down to the Cumberland, probably about ten to six and nobody 
was there. It was completely empty and there were buckets of water around 
in the lobby and there were candles lit because the power was out but there 
was nobody to be seen.” 

 
Another interviewee said she had heard (not specified by whom) that elderly people 
were being taken to the Cumberland. She proceeded to take her mother there (she, 
her husband and children were intending to stay and defend) but on arrival met the 
proprietor: 
 

“So I went down to the Cumberland. I drove down and ___ pulled up behind 
me. He said that we should just get out; he didn’t want anybody in the 
Cumberland. Everybody that was there, they’d gotten out, they thought that 
we should just get out of town.” 

 
Although no interviewees sheltered in the Cumberland Hotel, there were residents 
who did.  The following is an extract from a letter sent to the media by one resident 
who sheltered in the Cumberland during the passage of the fire (Walsh, 2009).  
 

“I sheltered from the initial bushfire behind the rear glass doors of the 
Cumberland, on the lower level (which is below ground level). And hence the 
area was relatively cool; no smoke; only severe noise from the wind.” 
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The Cumberland Hotel was one of the buildings destroyed by the fire, and from Mr 
Walsh’s account, this fire could have been put out and the subsequent tragic loss of 
lives, prevented. 
 

“When I left, the sprinklers were still running outside the lower level. The 
building eventually burned down, an hour or more after I left, due to a fire 
which spread from the pittosporum hedge near the kitchen- a fire which could 
have been extinguished initially with a garden hose.”  

 
Despite sheltering on the lower level whilst the fire passed, Mr Walsh believes the 
people sheltering at the Cumberland Hotel moved to the upper level and remained 
there once the building had caught alight. 
 

“The victims inexplicably moved into the building, from the rear door to the 
upper level of the building-perhaps to sit in the lounge, because the bushfire 
had passed. This was a possibility I did not foresee, because it defied logic. 
When fire broke out, they stayed inside instead of escaping; or at least 
returning to the lower level again (the bedrooms below, near the staircase, 
were virtually untouched.) The basic lower structure of the Cumberland 
remained unchanged- although eventually damaged from the fire on the floor 
above; but not by the bushfire.” 

Marysville District Golf and Bowls Club 
 
The third location residents went to seek refuge was the clubhouse at the Marysville 
District Golf and Bowls Club, located approximately 4 kilometres from Marysville on 
the Marysville-Buxton Rd. A number of interviewees went there once they realised 
Marysville was going to be impacted. One interviewee, who was amongst the first to 
arrive at the clubhouse at approximately 18:00, estimated between 100-150 people 
were there when the SES arrived and evacuated them. This is her description of the 
conditions just prior to evacuating: 
 

“…on the sort of south west side or the south side of the clubhouse is where 
___ and ___were hosing and he could feel the radiant heat. You could look 
over there and you could see the wall of flames coming and you could hear it. 
You could hear the roar and it sounded like a jet engine. It was hot.” 

 
The evacuation of the clubhouse occurred concurrently with the evacuation of 
Gallipoli Park, thus cars leaving the clubhouse joined the convoy of cars coming from 
Marysville. 
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