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Abstract:
This paper examined the spatial, temporal and localised context of bushfire fatalities and house loss in Australia.
The analysis focused principally on understanding the strength of correlations between location where fatal
exposure occurred, fire weather conditions (using the McArthur Forest Fire Danger Index (FFDI) and its
individual components), proximity to fuel, proximity to other objects (houses and/or vehicles) and fatality
activity and decision making leading up to the death.
The analysis is based on a dataset containing bushfire related life loss and house loss in Australia over the past
110 years (1901-2011). Over this time period 260 bushfires have been associated with a total of 825 known
civilian (733) and firefighter fatalities (92), and 8778 houses destroyed. The analysis included spatial, temporal
and localised context in which the fatalities have occurred.
The analysis demonstrated that:
» The losses are dominated by major events that have occurred under very severe weather conditions
» The location of fatal exposure provides a useful context to better understand the specific level of shelter
a person had when they died with 58% occurring out in the open, 28% occurring inside structures and
8% in vehicles.
« Male and female civilian fatalities within structures were evenly represented, while male fatalities out in
the open were approximately 3 times greater than female fatalities out in the open (mainly in earlier years)
« 41% of fatalities within structure occurred in rooms with reduced visibility to the outside
« Fatalities within structures represent over 75% of all fatalities under very severe conditions (weather
conditions exceeding an FFDI value of 100). These are associated with people dying while attempting to
shelter mainly in their place of residence. Conversely lower values of FFDI are associated with people
who are caught outside while defending their property.
» Over 60% of fatalities occurred within 100m of a residence
+ 80% of all fatalities and 60% of the house loss occurred within 30 m of the forest.

Keywords: Wildland fire, Fatalities, WUI, House loss, Risk

1. Introduction

In Australia the studies of community safety at the urban interface were mainly based on post bushfire
surveys and subsequent analysis to better understand the mechanisms of bushfire attack at the urban
interface. The important points of consideration in those studies were on the building design, the
immediate landscape, the type of urban interface and human activity and how they significantly
influence the risk of loss (e.g. Barrow, 1945; Raphaele Blanchi & Leonard, 2008; Leonard &
McArthur, 1999; Ramsay et al., 1987).

Some studies have been performed on the behaviour of civilian fatalities during bushfires (e.g.
Handmer & Haynes, 2008; Haynes et al., 2010; O’Neill & Handmer, 2012; Tibbits, Blanchi, & Gill,
2006). While these studies on civilian fatalities have mainly focused on the behaviour of the victims
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and are mainly conducted within the context of the ‘Stay or Go’ policy?, they have not included the
spatial and environmental circumstances of their death.

Other studies have investigated the circumstances of firefighter fatalities involving entrapment and
burnovers (Butler & Cohen, 1998; Cheney et al., 2001; Viegas et al., 2008). Meanwhile some studies
have focused on the influence of environmental circumstances on house loss for individual events or
multiple events in Australia (e.g. Ahern & Chladil, 1999; Blanchi et al., 2010; Butler & Cohen, 1998;
Gibbonsetal., 2012; Harris et al., 2012; Newnham et al., 2012) and the US (e.g. Cohen, 2000; Menakis
et al., 2003; Syphard et al., 2012).

This study examined the environmental circumstances of bushfire fatalities and house loss in Australia
over the last 110 years, using a specific data set that included spatial, temporal and localised context
(Life Loss database). The results presented in this paper are related to the relationship between fatal
exposure location, house loss, weather conditions, and proximity to fuel and additional analysis
components are presented in Blanchi et al. (2014).

2. Methods and data

The database (Life Loss database) developed for the analysis is a spatial dataset of bushfire related
fatalities and related losses (such as house loss) and circumstances, in Australia over the past 110 years
(1901-2011). It also captures the circumstances leading up to the fatal exposure such as weather
context using the McArthur Forest Fire Danger Index (FFDI) ( McArthur, A.G., 1978; McArthur,
1967), fire severity, distance to forest, fatality activity and decision making (Blanchi et al., 2014;
Blanchi et al., 2012).

A number of different data sources were accessed in order to assemble the Life Loss database. This
includes coronial inquest records, royal commission reports, journal papers, books, post bushfire study
reports, fire agency review documents of major fires, newspaper articles and collated datasets on past
bushfire fatalities (Blanchi et al., 2012; Haynes et al., 2010).

Different types of data have been compiled in the dataset: quantitative variables (e.g. weather
information), and categorisation variables (e.g. location of fatality). Some information was categorised
to facilitate spatial and statistical analysis. The detail of the data collection is presented in Blanchi et
al. (2012, 2014).

The Life Loss database contains 825 fatalities, 733 are civilian and 92 are listed as firefighters. Of the
fatalities contained in the database 741 were directly related to the fire itself (674 civilians and 67
firefighters). Fifty fatalities were indirectly related to a fire event and the specific cause of death for
34 persons was unknown or unclear.

The data was grouped into three time periods: for the entire time period of data, pre 1965, and post
1965. This segregation of data also happens to be useful in distinguishing some patterns over the years,
and provided an opportunity to compare demographic context relating to social behaviour and
prevalence of technologies such as automobiles.

The analysis examined the:
- demographics
- distribution of fatalities and house loss in time

! Referred to as the ‘Stay or Go’ policy, the policy recommended that either actively defending a well-prepared
home or evacuating/relocating well in advance of a fire threat are the best survival options during a bushfire. formed the
basis of the Bushfire and Community Safety Position developed by the Australasian Fire and Emergency Service
Authorities Council (AFAC) before the 2009 Victorian fires AFAC (2005) Position Paper on Bushfires and Community
Safety. AFAC Limited, Victoria, Australia. This position was translated into the prepare, stay and defend or leave early
policy in most jurisdictions.

Advances in Forest Fire Research — Page 686



Chapter 3 - Fire Management

- location of fatal exposure
- importance of weather conditions on loss
- influence of distance to forest on loss

3. Results and discussion

3.1. Demographics

The gender and age distribution of all fatalities (civilians and firefighters) was studied to help inform
specific trends relating to assumed behaviours or activities. Data was grouped into three time periods;
for the entire time period of data, pre 1965, and post 1965. The gender role could also demonstrate an
evolution of behaviour in the different roles of men and women over the century.

In summary, in earlier fires a higher proportion of the lives claimed were of young children, whereas
more recent fires have claimed the lives of a higher proportion of older people. The distinction between
civilians (further broken into gender) and firefighters is shown in Figure 1 for the two periods
considered and for all known genders (29 unknown). This figure highlights the significant increase of
female civilian fatalities in recent fires.

60%

50%

40%

Female
Female

30%

20% -

Percentage of fatalitites

Female

10% -
Male

0% -
1901-1964 Civilian 1965-2011 Civilian 1901-1964 Firefighters 1965-2011 Firefighters

Figure 1. Number of fatalities by gender between the period 1901-1964 and the period 1965-2011 (distinction between
civilian and firefighters)

3.2. Distribution of fatalities and house loss in time
The number of fatalities and house loss is dominated by a few major events resulting in large number
of the fatalities and house destruction (Figure 2 and Figure 3). This is in accordance with the finding
of Haynes et al. (2010) and Blanchi et al. (2010) which has shown that the losses per event and spatial
distribution of loss are strongly influenced by fire weather severity.
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Figure 2. Distribution of number of fatalities over the time period (1901-2011) including civilian and firefighters in
Australia

While the graph shows no consistent trend there is an increase in the loss per year rate when comparing
the two time period categories (1901-1964 and 1965-2011). For the period 1901-1964, 5.1 civilian
fatalities occurred per year and for 1965-2011, 8.6 fatalities occurred per year.

The number of houses lost for the period 1901-2011 shows a similar pattern (see Figure 3) and is
dominated by the same iconic events (Blanchi et al 2010). There is a more noticeable bias toward
losses in more recent years. This is in part due to the lack of house loss data in the 1901-1926 time
period and also due to better record of house losses in recent years and an increase of population and
houses in fire prone area. Keeping this in mind the 1901-1964 house loss average is 44 per year and
the 1965-2011 average is 168 per year.
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Figure 3. Distribution of number of house burnt (destroyed) over the time period (1901-2011) in Australia

Figure 4 profiles the time of fatal exposure (when known) for both firefighters (44) and civilians (397).
This figure shows a clustering of civilian fatalities from 10am through to 11pm with one peak at 10am.
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This peak is mainly due to a single loss event, where 17 motorists lost their lives on the Princes
Highway between 10am and 11am in the Victorian Lara fire in 1969. Without this anomaly, the civilian
fatalities exhibit a normal distribution around 6pm. Firefighter fatalities have a similar fatality time
distribution to civilians, with a peak at 3pm and 9pm (which correspond to the Ash Wednesday fire
where 12 firefighters died during a burnover).

80

70

60

50

40

30

Number of fatalities

20

10

O T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of fatal exposure (24hr time) m Civilians ™ Fire Fighters

Figure 4. Hour of civilian and firefighter fatal exposure for all directly related deaths

3.3. Location of fatal exposure
The location of fatalities was categorised into ‘In structure’, ‘In vehicle’ & ‘Open air’ to better
understand the specific level of shelter a person had when they died. Table 1 summarises the location
categories of fatal exposure for the three time periods (1901-2011; 1901-1964; and 1965-2011) with
58% occurring out in the open, 28% occurring inside structures and 8% in vehicles.
A significantly greater proportion of fatalities occurred inside structures or inside vehicles in recent
fires, compared to earlier fires. The higher proportion of fatalities inside vehicles in the time period
1965-2011 is explained by higher prevalence of cars and their use during this period. This summary
also highlights that in earlier fires a significantly greater proportion of fatalities occurred in the open
air, compared to more recent fires.
Male and female civilian fatalities within structures were evenly represented, while male fatalities out
in the open were approximately 3 times greater, particularly earlier in the century. This is possibly
related to job profiles that involve remote location work such as timber felling where shelter is not
easily found or farmers attempting to save livestock (Blanchi et al., 2012).
Firefighter fatalities occurred in open air, in fire fighting vehicle burn-over incidents or from falling
trees. Sheltering within a structure is a relatively rare and often unavailable strategy for firefighters.

Table 1. Fatal exposure location categories over the three time periods (civilian)

1901-1964  1965-2011  1901-2011 (total)
Inside structure | 21 (7.1%) 167 (44.4%) 188 (27.9%)
Inside vehicle | 11 (3.7%) 45 (12.0%) 56 (8.3%)

Open air 232 (77.8%) 158 (42.0%) 390 (57.8%)
Unknown 34 (11.4%) 6 (1.6%) 40 (5.9%)
Total 298 (100 %) 376 (100%) 674 (100%)
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The distance of a fatality to their residence can help qualify the prevalence of behaviours in relation to
last minute evacuation or alternative shelter and defence strategies. A sample set of 116 fatalities from
the Life Loss database for which residential address and fatal exposure locations were both accurately
known was analysed. This sample set included 79 fatalities that occurred in open air, 18 that occurred
inside a vehicle and 19 inside a structure (other than their residence, e.g. a neighbouring house, bunker
etc). These cases have been plotted as cumulative graph in Figure 5.
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Figure 5. Distance between residential address and fatal exposure location (civilian)

Table 2 shows a close association with the place of residence, with 61% of fatalities occurring within
100m of their location of residence and 84% occurring within 1km. Analysis of the locations of
residence of the deceased showed that 10 houses were not damaged and were not used as a shelter, 89
houses were completely destroyed and of these 20 houses were used as a place of refuge during the
event. The main activity of the fatalities considered in the analyses was late evacuation (48.3%),
followed by saving livestock, livelihood or defending wider property outside (20.7%), and people
sheltering as a group (11.2%).

For the fatalities that occurred inside structures it is useful to understand the location within the
structure in which the fatal exposure occurred, as this will help to understand the behaviour adopted
and the modes in which the house may have lost its tenability. Table 2 shows the location of fatality
inside residential structures.

Table 2. Known fatality locations inside residential structures

Location inside structure  Number of fatalities Percentage of known

Bathroom 36 33%
Kitchen 25 23%
Bedroom 17 16%
Study 10 9%
Enclosure under house 9 8%
Entrance 5 5%
Lounge 4 4%
Laundry 3 3%
Total 109 100%
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Of these cases 33% of the fatalities occurred in bathrooms which typically have no clear visual cues
to outside conditions. All other cases either involved an opportunity to monitor outside conditions or
be adjacent to an exit to facilitate egress when the house approaches untenable conditions. Eight
percent of cases were in either the entrance or laundry: both typically are adjacent to an exit door
providing an option to egress if conditions allowed.

Fifty-eight percent involved fatalities in the bathroom, bedroom or study which all typically have only
one point of exit to the rest of the house. Twenty-seven percent of cases involved kitchens and lounge
areas which usually have opportunities for viewing outside conditions and multiple options to progress
through the house towards an exit if it is recognised that the house is losing tenability.

In summary, for 59% of the fatalities there was the opportunity to effectively monitor both the internal
and external conditions and make decision to move towards an exit as the house lost tenability. So
either people were not aware of this strategy (or the need to leave) or the houses lost tenability at a rate
in which safe passage from these locations to an exit door was not possible. This raises several
questions in relation to egress, sheltering and the rate of loss of tenability of houses. Also to consider
are the air toxic emitted and exposure concentrations inhaled by residents both indoors and outdoors
(Reisen, Blanchi, & Tibbits, 2006).

3.4. Weather conditions and loss
The influence of meteorological conditions on loss has been shown in previous studies (Raphaele
Blanchi et al., 2010; Bradstock, Gill, Kenny, & Scott, 1998). The weather conditions (using forest fire
danger index) and aggregated fatalities and house loss by fire event is studied.
The FFDI is categorised according to the existing national danger rating scheme?:
0-11: low - moderate
12-24: high
25-49: very high
50-74: severe
75-100: extreme
>100: catastrophic (Code Red in Victoria)

The cumulative percentile of both house loss and fatalities is related to the 3pm FFDI on the day of
the loss (see Figure 6). Less than 3% of house losses and fatalities occurred when the FFDI was less
than 49 (moderate to very high), roughly 7% occurred when the FFDI was between 25 and 50, and
25% of either house or life loss occurred when the FFDI was below 74. Over 60% of all fatalities and
75% of all house loss in Australia has occurred on days where the 3pm FFDI exceed 100.

Three large events dominate the results in the over FFDI 100 category: the Black Tuesday fires (7
February 1967) in Hobart, the Ash Wednesday fires (16 February 1983) in Victoria and South
Australia, and the Victorian bushfires (7 February 2009).

! http://www.cfa.vic.gov.au/warnings-restrictions/about-fire-danger-ratings/ (accessed 15/06/2014)
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Figure 6. Cumulative percent of total number of fatalities and house loss versus FFDI

The location category of fatal exposure was compared to FFDI classes in Figure 7. There is an expected
link with the location of fatal exposure and fire weather severity owing to the different vulnerabilities
of each location context. The most noticeable result is the high prevalence of deaths inside structure
for an FFDI of 100 plus category (fire danger rating ‘catastrophic’). This may be due to a tendency to
seek shelter from both the severe weather and the fire under such intense conditions. It also indicates
that houses are likely to lose tenability more rapidly under these conditions and cause entrapment. At
lower levels of FFDI (0-74) civilians are caught outside as the predominant loss location category.
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Figure 7. FFDI at 3pm and location of fatality (Blanchi et al. 2014)
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3.5. Distance to forest

The separation between bushfire fuels and the fatality is an important risk assessment metric to classify
likely exposure levels on the person, vehicle or structure. For the spatial analysis, the forest layer of
the closest preceding year to the fire was used to determine the distance to forest. It is assumed that
the layer which coincides with the year of the fire has a high likelihood of the fire scar affecting extent
of forest for that year.

Of particular interest is the observation that over 50% of all fatalities occurred less than 10m from the
forest, 78% in less than 30m and 85% in less than 100m. This provides a strong qualification of the
possible influence of forest proximity as a factor in defining exposure resulting in fatal outcomes
(Blanchi et al. 2014).

Comparing these percentages with the broader dataset of house loss as a function of distance to forest
demonstrates that house loss involving fatal exposure are far more dominant in the 0-30m from forest
regions. Compared to house losses not involving fatalities, less than 60% of all house losses occurred
less than 30m from the forest (Newnham et al., 2012). It is to be noted that 30m is a distinctive
threshold for direct radiant heat ignition of structures identified by Cohen (Cohen, 2008).

4. Conclusion

The database developed integrate information on losses including details of fire weather severity
(using the McArthur Forest Fire Danger Index (FFDI) and its individual components), fire behaviour,
proximity to forest, incident circumstances, fatality details, activities and the location of objects and
structures related to the fatality. This paper focused on a subset of the analysis developed in the study,
more information is available in Blanchi et al. (2012, 2014).

The study provided a better understanding of the circumstances of losses in particular the importance
of fire weather conditions and proximity to fuel hazard in setting the context for loss. The findings of
the study can be directly integrated in policies and community education initiatives for bushfire related
life risk reduction.
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