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Table 1 

Descriptions for the different ignition cause categories considered in this analysis. 

Cause type 

Natural 

Deliberate 

Accidental 

Cause category 

Lightning 

Spontaneous combustion 

Incendiary 

Suspicious (known cause) 

Suspicious (unknown 
cause) 

Cigarettes and smoking 

material 

Small open fires 

Escapes from planned 

burns 
Cutting or welding 

Matches or lighter 
Fireworks and explosives 

Electrical failure 

Mechanical failure 

Re-kindled from a previous 

fire 

Undetermined Other 

Table 2 

Undetermined or not 

reported 

Description 

Heat for ignition attributed to lightning strikes. 

Spontaneous combustion of materials such as mulch or other organic debris. 

Arson, where a legal decision had been made or physical evidence could be used to prove that the fire was deliberately set. 

Circumstances indicated that fires were likely to be deliberately set (i.e. probably arson), with the ignition source identified. 

Circumstances indicated that fires were likely to be deliberately set (i.e. probably arson), however the ignition source 

was not, or could not be identified. 

Accidentally ignited by a cigarette or other smoking material. 

Accidentally ignited by a small open fire, such as a camp fire, bonfire, or rubbish fire. 
Escapes from fires deliberately ignited for a management purpose, such as reducing fuels, removing stubble 

or pasture improvement. 
Heat for ignition attributed to cutting or welding equipment. 

Heat for ignition attributed to matches and other lighters, such as cigarette lighters. 

Heat for ignition attributed to fireworks or explosi\'es. 

Ignition heat form attributed to malfunctioning electrical equipment. including powerlines and electrical devices. 

Ignition heat form attributed to malfunctioning machinery, including vehicles, that caused ignition through the generation 
of sparks, arcs, or heat. 

Re-ignition from a previously extinguished unplanned fire 

Other minor ignition causes not categorised elsewhere in the database 

Ignition cause was not able to be determined or was not reported 

The number, percent and mean number of vegetation fires per day on all days for 
occurring in each element (year, month, day, hour) within these 

time scales were determined for all fires in the dataset and for fires 

from each cause category to establish time profiles for each 

individual cause class and for fires from all causes. Time profiles 

were also established for GFDI. FFDI and inverse SFMC, by 
determining the proportion of total sum for each of these that 

occurred within each time element. SFMC was inversed so that it 

would have a profile shape similar to the fire danger indices and 

ignitions. Each ignition cause profile was compared to the three 

weather profiles in order to determine the relationship between 

them. This was done using mean squared error (MSE, [40]). which 

provided a suitable relative measure at each time scale. All 

analyses were conducted in R [34]. 

each cause category. 

Cause categories Total % of Cause type 

number total 

Lightning 171 0.55 Natural ( 1.03%) 

Spontaneous combustion 150 0.48 

Incendiary 3322 10.62 Deliberate (55.25%) 

Suspicious (known cause) 11,227 35.90 

Suspicious (unknown cause) 2728 8.72 

Cigarettes and smoking material 3955 12.65 Accidental (29.81%) 

Small open fires 252 0.81 

Escapes from planned burns 786 2.51 

Cutting or welding 165 0.53 

Matches or lighter 1206 3.86 

Fireworks and explosives 112 0.36 

Electrical failure 496 1.59 

Mechanical failure 756 2.42 

Re-kindled from a 1593 5.09 

previous fire 

Other 925 2.95 Undetermined (13.92%) 

Undetermined or not reported 3427 10.96 

availability of the fuel for ignition SFMC and was determined using 

Matthews' [21 J process model. 

3. Analysis methods

The timing of vegetation fires from each cause category were 

investigated at four scales: annual (8 years. considered for the 

local bushfire season from July 1 to June 30); month of the year; 

day of the week; and hour of the day. The proportions of fires 

Relationships between each of the cause categories and 

weather were further investigated by converting hourly GFDI, 

FFDI and SFMC values to deciles and determining the proportion 

of fires from each cause category occurring in each decile. This was 
done to produce profiles similar to those developed for the time 

scales. GFDI. FFDI and SFMC were considered as deciles because 

they have highly skewed distributions and this allowed the 

formation of groups with equal portions of time within the study 

period. 
Cause categories that had unusual timing (i.e. different to the 

timing of fires from all cause categories) were identified using a 

method based on the MSE weighted by the number of observa­
tions in each group (see: [39]). MSE comparisons that are not 

weighted by observation size would suggest that cause categories 
that have few observations are more likely to be unusual than 

those that have higher sample sizes. The MSEs between each cause 

profile and the profile for all causes were determined. These were 
then weighted by applying a linear model to the log of the number 

of fires and the log of the MSE for each cause category. The 

residuals from the linear model provided an estimate of the 
difference between the time profiles for fires from one cause 

category and that for fires from all cause categories. The MSEs for 

fire causes that make up large portions of the total dataset are 

small and using the residuals from the log-log linear model with 
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Abstract. Data from bushfire incidents in south-west Western Australia from the Departments of Parks and Wildlife and 
Fire and Emergency Services were used to develop models that predict the number of human-caused bushfires within 10 
management areas. Fire incident data were compiled with weather variables, binary classifications of day types (e.g. 
school days) and counts of the number of fires that occun-ed over recent days. Models were developed using negative 
binomial regression with a dataset covering 3 years and evaluated using data from an independent year. A common model 
form that included variables relating to fuel moishtre content, the number of recent human-caused bushfires, work day 
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Introduction 

Most bushfires that occur in populated parts of the world 
are caused by humans. lt is well established that human­
caused ignitions are spatially concentrated around areas of 
human activity and infrastructure such as suburbs and roads 
(e.g. Syphard et al. 2008; Catry er al. 2009, Penman et al. 2013). 
The temporal distribution of unintentional human-caused igni­
tions is more complex as it depends on fuel ignitability and 
human activity (Wotton er al. 2003, 20 I 0). Fuel ignitability is a 
product of fuel moisture content (Anderson 1970) and varies 
with atmospheric conditions (Nelson 200 I). The influence of 
human activity on the daily number of ignitions differs 
according to the causal activity. However, many studies have 
found higher ignition rates when people are more likely to be 
undertaking recreational activities, such as during school holi­
days, weekends and public holidays (e.g. Prestcmon rnd Butry 
2005, Bryant 2008, Albertson er al. 2009). 

Fire management agencies undertake daily planning activi­
ties to minimise the incidence and effects ofbushfires. During 
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periods of anticipated bushfire activity, more resources are 
deployed for detection, rapid initial response and arson preven­
tion, and warnings are broadcast to the public. Predictions of the 
number of likely bushfires and the potential fire behaviour to 
occur in a management area on a day allow suppression agencies 
to more accurately determine their resource needs (Haines er al.

1983; Tithccott 1992; Wotton and Manell 2005; Vilar et al.

201 Oa; \V otton et al. 20 I 0) and thereby help to increase the 
probability of initial attack success (Podur and \V otton 20 IO; 
Wotton et al. 20 I 0) and assess and manage the costs of over­
preparedness against the consequences of under-preparedness 
(Magnussen and Taylor 2012). 

Predictions of the number of bush fires expected on a given 
day have traditionally been based on the experience and intui­
tion of senior managers with the aid of fire danger rating systems 
(Manell 1982; l\fartell and Boychuk 1997). These systems 
integrate information about the environment into numerical 
indices that provide an indication of the potential ignitibility, 
fre behaviour, suppression difficulty and damage caused by 

www.publish.csiro.au/joumals/ijwf 
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bushfires on a day (Chandler er al. I 983). They are used by fire 
authorities to determine preparedness levels and warn the public 
(Cheney and Gould 1995), but do not directly indicate the 
probability or number of unplanned bushfires on a given day. 
Several studies have been undertaken to determine the most 
suitable index for a region based on their relationship with fire 
occurrence and other related statistics dete1mined from fire 
records (e.g. Viegas et al. 1999; Andrews er al. 2003; Vasilakos 
et al. 2009; Padilla and Vega-Garcia 2011 ). 

Models have been developed to predict the probability of a 
day with one or more bushfires and to estimate the number of 
daily ignitions that may occur within one or more defined 
regions (e.g. Cunningham and Martell 1973; Vega-Garcia -
et al. 1995; Wotton e1 al. 2003, 20 IO; Wotton and Martell 
2005; Albertson et al. 2009). These models are typically based 
on variables related to fuel availability and causal agents. 
Variables associated with causal agents include lightning activ­
ity, recent bushfre activity and day type variables. The latter 
classifies days based on. designations such as public holidays, 
weekends and school holidays, and may relate to the general 
abundance and activities of people in bushfire-prone - areas. 
The factors that infuence bushfire ignitions vary for different 
causes and for this reason most studies have only considered 
bushfires attributed to a single cause class ( e.g. Wotton e1 al.

2003; Wotton and Martell 2005; Padilla and Vega-Garcia 2011) 
or have considered bushfires from lightning and human causes 
separately (e.g. Reineking et al. 20 IO; Vilar et al. 20 I Ob; Wotton 
et al. 201 O; i'vlagnussen and Taylor 2012). Some temporal 
bushfire occurrence models have also considered spatial vari­
ables by considering fires within grid cells across a landscape 
(e.g. Preisler el al. 2004; Reineking et al. 2010; Padilla and 
Vega-Garcia 2011; Magnussen and Taylor 2012). 

Investigations of day-to-day fire occurrence in regions with 
Mediterranean climates have come mainly from southern Eur­
ope (e.g. Vilar et al. 2010a, 2010b; Padilla and Vega-Garcia 
201 I), where fire is mainly used for agricultural purposes on 
small private Jots and escapes from these comprise a large 
proportion of the wildfires experienced, particularly in mral 
areas. None of these studies has developed prediction tools for 
operational planning. The present study considers south-west 
Western Australia, which also experiences Mediterranean cli­
mate but has a different cultural and land management context to 
those in the European study areas. This region has one of the 
most proactive landscape prescribed burning programs in 
the world (Bu1rn,vs and i\,1cCaw 2013), which aims to mitigate 
the scale and effect of unplanned wildfires by limiting the 
amount of fuel that is available. 

This study is concerned with the day-to-day variation in 
bushfire occurrence and aims to develop and evaluate the 
reliability of models that predict the number of daily human­
caused bushfres in fire management areas within south-west 
Western Australia. Such models can be used to provide forecasts 
to assist daily fire management planning and have not been 
previously developed in Australia. This study explored the key 
relationships that affect fire management planning at the 
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regional level, similar to the studies of Cunningham and Martell 
( 1973) and Martel.I et al. ( l 987). It demonstrates methods that 
could be applied in other regions with adequate fire incident and 
meteorological records to develop simple practical operational 
predictive tools. The work presents a set of independent models 
including variables that provide maximum statistical goodness 
of fit (the common approach in most fire occurrence studies), 
together with a set of coefficients for a common model frame­
work for the entire management region. This latter approach, 
which also led to models with high goodness of fit, provides a 
spatially large agency with a consistent framework for predict­
ing occurrence, a valuable outcome from both an implementa­
tion and training perspective. 

Methods 

Study area and data 

South-west Western Australia is characterised by a range of 
fuel types including annual pasture grasses, dry eucalypt forest 
and woodland, and shrubland. The region experiences a 
Mediterranean-type climate with annual drought in summer and 
autumn. The peak fire season extends from October through to 
May in most years, and tends to be shorter along the wetter 
southern coast. This region experiences - IOOO bushfire igni­
tions per year, with more than 90% of these caused by humans, 
including -70% suspected to have been deliberately lit (Bryant 
2008); For this reason, our study only considered human-caused 
ignitions. The highest density of ignitions occurs in the bushland 
adjoining the Perth metropolitan area and the urbanised coastal 
strip south of Pe1ih, which has a population of 1.9 x 106 people 
(Australian Bureau of Statistics 2014). In Western Australia, 
bushfires are managed by two state government agencies with 
distinctly different roles and responsibilities. The Department of 
Parks and Wildlife (DPA WA) is responsible for the management 
of public land (including national parks and state forests) and 
has a responsibility for fire management and suppression on 
these lands. The Department of Fire and Emergency Services 
(DFES8) coordinates emergency services for a range of natural 
disasters and emergency incidents that threaten life and prop­
erty, including bushfires on private land. 

Fire incident records from DPA W and DfES have been used 
to f01m datasets that contain the number of daily bushfire 
ignitions for JO management areas. The management areas 
include six DP AW districts (Swan Coastal, Perth Hills, 
Wellington, Blackwood, Donnelly and Frankland) and four 
DfES regions (North Metropolitan, South Metropolitan, South 
West and Lower South West) that overlap the DPAW districts 
(Fig. I). All bushfires that occurred in each management region 
within the study period have been considered regardless of the 
land tenure or responding agency. 

This study is concerned with bushfire ignitions in grass, 
shmbland and forest fuels that can potentially bum considerable 
areas. Urban areas have been omitted from each area used in this 
study: fires in these areas are typically small in extent as they are 
located in isolated patches of fuel such as gardens, vacant lots, 

AThe Department of Parks and Wildlife was known as the Department of Environment and Conservation (DEC) until 30 June 2013. 
8The Department of Fire and Emergency Services was known as the Fire and Emergency Services Authority (FESA) until 31 October 2012. 
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Table 1. Weather, drought, fire danger and fuel moisture variables considered in this study 

FD, fire danger; FM, fuel moisture 

Attribute (units) Group Daily fonnat(s) 

Air temperature (0C) 

Relative humidity(%) 

Wind speed (km h 1)

Gust wind speed (km h-1)

RainfallA (mm) 

Days since last rainfall 

Keetch Byram Drought Index (KBDI) 

Soil Dryness Index (SDI) 

Weather 

Weather 

Weather 

Weather 

Weather 

Drought 

Drought 

Drought 

Drought 

Drought 

max 

min 

max 

max 

daily total 

count 

daily figure 

daily figure 

daily figure 

daily figure 

Kce1ch and Byram ( I %8) 

IVlount ( 1972), Burrows ( 1987) 

Drought factor ( calculated with KBDI) 

Drought factor ( calculated with SDI) 

Forest Fire Danger Index (FFDI) FD max, mean, IOam, 12pm, 3pm 

McArthur ( l 967), equation in Noble el al. ( 1980) 

McArthur ( 1967), equation in Noble ct al. ( 1980) 

McArthur ( 1967), equation in Noble et al. ( I 9SOJ 

(calculated with KBDI) 

FFDI (calculated with SDI) 

Grassland Fire Danger Index 

(assuming 100% curing) 

FD max, mean, 10am, 12pm, 3pm McArthur ( 1967), equation in Noble et al. ( I 9SOJ 

t1-1cArthur (1966), equation in Noble,., ,1/. ( 1980) 

Forest Fire Behaviour Table index 

for Northern Ja,rnh forest 

Forest Fire Behaviour Table index 

for Karri forest 

Canadian Fire Weather Index 

Build Up Index 

Initial Spread Index 

Fine Fuel Moisture Code 

Duff Moisture Code 

Drought Code 

Fosberg Fire Weather Index (FFWI) 

FFWI modified to include drought effect 

Simple fire danger index 

Simple fire danger index with drought 

McArthur Grassland FMC (%) 

McA11hur Forest FMC(%) 

Simard FMC(%) 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FD 

FM 

FM 

FM 

FM 

max, mean 

max, mean 

1nax, mean 

daily index 

daily index 

daily index 

daily index 

daily index 

daily index 

max 

max 

max 

max 

min 

min 

min 

min 

Sneeuwjagt and Peet ( 1985 ), FMC equations 

in V incy i 199 l ), index equations in Beck i l 99 5) 

Sne?u",jagt and Ped ( 1985), FMC equations 

in Viney ( 1991 ), index equations in Beck ( 1995) 

Van Wagner (1987) 
Van Wagner ( 1987 J 

Van Wagner ( 1987) 

Van \Vagner ( 1987) 

Van Wagner ( 1987) 

Van Wagner ( 1987) 

Fosberg ( 1978 J 

Goodrick (2002) 

Sharples er al. (2009a) 

Sharples er al. (2009a J 

McArthur ( 1966), equation in Sullivan (20 I 0) 
ivlcArthur ( 1967 ), equation in Viney ( 1991) 

Simard ( 1968) 

Matthews et al. (20 I OJ Matthews Simple FMC(%) 

Matthews process surface FMC(%) 

Matthews process profile FMC(%) 

Vesta FMC(%) 

FM min, mean, I Oam, 12pm, 3pm J'vlatthcws (2006) 

FM min, mean IOam, 12pm, 3pm Matthews ( 2006) 

FM min 

Sharples fuel moisture index FM min 

A Measured for the 24 h to 0900 hours. 

and school days (all days except public holidays, weekends and 
school holidays). The influence ofrecent bushfre activity was 
considered by constructing variables that summed the total 
number of bushfires occmTing over the previous 2-14 days 
within each region. These recent bushfire activity variables were 
made for both the total number of bushfires (all causes) and 
those attributed to human causes. 

Weather data were sourced from a representative Bureau of 
Meteorology weather station within each area (Fig. I). Records 
beginning in January 2000 were used to allow time for drought 
indices to stabilise before the start of the study period ( 1 July 
2003). The weather stations were selected based on their 
location within the area and the completeness of their data. 

Hourly observations from each station included air tempera­
ture, relative humidity, wind speed, rainfall and mean sea level 
pressure. Missing data were dealt with as follows. Estimates for 
missing daily rainfall and maximum temperature data were 

Gould et al. (2007) 

Sharples et al. (2009h) 

obtained from the SILO database (http://www.longpaddock. 
qld.gov.au/silo/about.html (Jeffrey et al. 2001 )). This allowed 
for the continuous drought indices to run for the entire period. 
Data that were missing for less than 5 consecutive hours were 
interpolated, but data missing for 5 or more consecutive hours 
were estimated from the most representative nearby station. 
None of the stations used had more than 5% missing hourly data 
within the main study period. Corrected data were used to 
calculate a range of fire danger and drought indices and to 
model fuel moisture content (FMC). These were converted into 
relevant daily summary formats ( e.g. the maximum hourly 
reading for a day) for model development and are listed m 
Table I. 

Modelling 

Models developed to predict daily bushfire occurrence have 
typically used Poisson regression (e.g. Cunningham and Martell 
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Table 4. Variables, coefficients and fit statistics for models (�:qn I) predicting the daily number of human-caused fires (all cause types) that were developed independently for each :--, 
management area � 

Significances of the test statistic values are designated as follows: *, 0.05: **, 0.01; ***, 0.00 I 
� 

Swan Coastal Petth Hills Wellington Blackwood Donnelly Frankland Notth Metro South Metro South West Lower South West 
i5.. 

� 
Coefficients and variables 

"' 

Intercept (/30) 0.620 5.886*** -0.869*** -0.455** -28.619*** 3.177 1.847*** 1.265** 0.562*** -0.540** 

/3, (V,) 0 285*** 0.069*** -0.022*** 0.017*** 0.307*** 0.036 0.285*** 0.432*** 0.024*** -0.014*** 

(Min FMC (FFMC} (Mean profile (Mean profile (FFMC) (CFWI) (MinFMC (Min FMC- Mean (Mean profile
McAnhur 1967) FMC IVlatrhcws FMC Manhews McArthur McArthur profile FMC Matihcws

2006) 2006) 1967) 1967) FMC 2006)
(Matthews 
2006) 

/32 (V2) 0.467*** 0.024*** 0.179*** 0.040*** 0.052*** 0.831 0.552*** 0.008*** 0.105*** 0.032*** 

(School day) (Number of (Number of (Max daily (CFWl} (Number of Work day (Number of (Number of (Max daily 
accidental deliberate FFDI calculated deliberate accidental deliberate FFDI calculated 
bushfires bushfires with SDI) bushfires bushfires bushfires with SDI) 
in previous in previous in previous in previous in previous 
9 days) 7 days) 5 days) 7 days) 14 days) 

/33 ( V3) 0.032*** 0.313*** 0.446*** 0.068*** 0.003*** 0.062 0.023*** 0.026** 0.375*** 0.073*** 

(Number of (School day) (Weekend day) (Number of (DC) (Mean (Number of (FFDI at Weekend (Number of 
bushfires bushfires in surface human-caused 1200 hours) day bushfires 
in previous previous FMC bushfircs in in previous 
9 days) 6 days) Matthews previous 6 days) 

2006) 11 days) 

/34 (V4) 0.083** 0.0001 ••• 0.022** 0.393*** 0.089* 0.127*** 0.329** 0.021 *** 0.300** 

(DF calculated (DMC) (Maximum (Work day) (Maximum 24-h rainfall (Weekend (Max daily (Work day) 
with SDI) daily FFDI temperature) day) FFDI 

calculated calculated 
with SDI) with SDI) 

/3s (Vs) 0.0001 *** 0.010**

DMC (Number 
of days since 
last rain) 

Fits (to 2011 12 evaluation data) 
Accuracy rate 0.970 ·o.984 0.945 0.858 1.000 0.992 0.877 0.970 0.885 0.874 
Under-prediction rate 0.030 0.016 0.055 0.079 0.000 0.008 0.038 0.030 0.101 0.079 
Over-prediction rate 0.000 0.000 0.000 0.063 0.000 0.000 0.085 0.000 0.014 0.046 
RMSE 1.009 1.049 0.285 1.041 0.185 4.480 1.201 0.610 0.614 1.008 � 
MAE 0.688 1.024 0.534 1.020 0.431 2.117 1.096 0.781 0.784 1.004 :--0 
MBE 0.074 0.715 0.372 0.635 0.161 0.264 0.759 0.486 0.492 0.615 

5· 

� 
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Table 5. Goodness of fit of the models developed using DPA W independent training datasets when applied to the evaluation dataset 

Swan Coastal Perth Hills Wellington Blackwood Donnelly Frankland 

Early period (2003 04 to 2006 07) 

RMSE 0.656 

MAE 
MBE 

0.373 
0.003 

Common period (2008 09 to 2010 11) 

RMSE 0.652 

MAE 

MBE 
0.400 

0.054 
Long period (2003 04 to 2010 11) 

RMSE 0.663 

MAE 0.368 

MBE -0.007 

0.516 

0.302 
0.025

0.514 
0.312 

0.001 

0.517 

0.302 
0.021

0.365 0.413 0.386 0.248 
0.211 0.227 0.172 0.078 
0.041 0.007 0.061 -0.014 

0.366 0.412 0.388 0.247 
0.217 0.237 0.163 0.080 

0.049 0.026 0.050 -0.012 

0.366 0.417 0.383 0.252 
0.205 0.224 0.182 0.081 
0.033 0.000 0.074 0.012

Table 6. Variables and fit statistics for common form models developed for predicting the daily number of deliberate and accidental fres 

Deliberate fires Accidental fires 

Variables used Minimum hourly equilibrium FMC (McAnhur 196 7) (%) 

Number of human caused bush fires in previous 14 days 
Work day 

Mean profile FMC (Matthews 2006) 

Number of human caused bush fires in previous 7 days 
Minimum hourly relative humidity(%) 

Median accuracy (range) 
Median under prediction (range) 

Median over prediction (range) 

Median RMSE (range) 
Median MAE (range) 

Median MBE (range) 

24 h rainfall to 0900 (mm) 

0.918 (0.866 1.000) 
0.082 (0.000 0.134) 

0.000 (0.000 0.008)

0.909 (0.264 1.130)
0.463 (0.063 0.666)

0.282 ( 0.3 79 0.045) 

that the factors driving human-caused ignition are relatively 
constant.and that fitting a model to more years of data may not 
necessarily improve predictions. This finding should be further 
investigated when data from all fires in a region are available 
over a longer period. As dataset length increases and data from 
further in the past is used, the comparability of models to current 
fire activity may also be affected by changes in ignition factors, 
such as policies related to the setting of fire restrictions, laws 
related to arson, changes in population distribution and density 
resulting from urbanisation, and changes in land use. 

Our study considered weather variables at a coarse scale using 
a single station to represent each management area, so is unlikely 
to represent local weather factors such as sea breezes and discrete 
rainfall events, or adequately reflect strong gradients in rainfall, 
temperature and humidity associated with distance from the 
ocean. However, the single measure of moisture for each area 
provides an index of the relative ease of ignition. This approach 
has been used in previous studies such as Wotton and Beverly 
(2007), who showed that the Fine Fuel Moisture Code tracked 
moisture across a range of forest types and could thus be used as a 
good relative indicator of day-to-day change in moisture content. 
Many studies have applied gridded approaches (e.g. Reineking 
et al. 2010; Padilla and Vega Garcia 201 l; Magnussen and 
Taylor 2012) that have interpolated weather variables to predict 
the spatio-temporal probability of fire occun-ence across broader 
areas, such as an entire state, province or country. These studies 
predict a daily probability of one or more fires in each grid cell 
and have estimated daily fire numbers by summing cell 

School day 

0.940 (0.833 1.000) 
0.049 (0.000 0.167) 
0.000 (0.000 0.128) 

0.912 (0.256 1.285) 
0.466 (0.087 0.715) 

0.289 ( 0.568 0.014) 

probabilities. These studies are not suited to the daily level of 
operational application sought by our study. 

This study has relied on fire incident records, and demon­
strates the importance of high-quality data for allowing similar 
sorts of analyses and modelling. In order to predict occun-ences 
for all sources of ignition, future work should develop models 
predicting lightning ignitions within this region, su'ch as those 
developed for other regions (Wotton and Martell 2005, Dowdy 
and Mills 2012). Daily fire occun-ence models could be devel­
oped across Australia and be used to inform pre-emptive resource 
sharing between management regions. This would maximise the 
efficient use of national firefighting resources. Further work on 
this topic should consider the spatial issues related to fire 
occun-ence in south-west Western Australia. Other topics for 
further study include investigating similar relationships for 
lightning ignitions and the timing of fire reports within a day. 

The models presented in Table 3 could be implemented as 
decision support aids in the relevant management areas follow­
ing some small system developments. First, the simple equilib­
rium fuel moisture input (McArthur l 967) could be estimated 
from weather forecasts that can provide the minimum daily 
relative humidity and con-esponding air temperature for the days 
required. The rainfall input could also be estimated from 
weather forecasts or determined from morning observations. 
The number ofhuman caused fires in the previous 14 days could 
be readily determined from recent regional incident records for a 
ctment or next day forecast, but would require some estimation 
when being used to predict daily fire counts beyond this. The 
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further ahead the forecast day is, the more error there would be in 
the prediction and we would not recommend using these models 
more than 6 days ahead. 

This study shows how simple practical models can be 
developed to assist day-to-day fre management operations. 
Similar models could be developed in other regions given the 
availability of suitable fre incident records and corresponding 
meteorological observational data. The common model form for 
multiple management areas approach resulted in fits that were 
only slightly lower than regionally specific independent models 
and would be a suitable approach for agencies that cover 
multiple regions. It is likely that models developed in other 
regions would experience similar under-prediction issues on 
peak days due to the regression method, and this problem will be 
greater in regions that experience few fires. 

Conclusion 

The number of daily human-caused bushfire ignitions is related 
to fuel moisture content, recent fire activity, day type and rain­
fall. Models presented here can be used to provide guidance for 
predicting the daily number of human-caused fires for the south­
west Western Australia management areas with moderate to high 
ignition rates (Swan Coastal, Perth Hills, Wellington, Black­
wood, No1th Metropolitan, South Metropolitan, South West and 
Lower South West), thereby improving daily fire preparedness 
planning. These models predict the range of daily human-caused 
fires, but tend to under predict the number of fires on peak days. 
The use oflonger training datasets is unlikely to improve models. 
The methods presented here can be used to develop similar 
predictive tools for day-to-day fire planning operations in other 
regions with suitable fire incident and metrological records. 
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"Monitoring of the FFDI shows there has been an increase in the frequency and severity of fire 
weather in recent decades. 

"This trend in fire weather is particularly noticeable through southern and eastern parts of 
Australia." 

Dr Braganza said declining rainfall in the southwest and southeast of the continent was another 
key change to Australia's climate over recent decades. 

"While Australia's rainfall is highly variable and influenced by major climate drivers, such as El Nino 
and La Nina, there has been a noticeable decline in rainfall between April and October through 

{fi!1J:'i1, 
southern parts of the country," he said. ''

1
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'i;/'i' 

"In 17 of the past 20 years, April to October rainfall in southern Australia ha%iit,�¢.1,ow average." 
1

ffl, !f///1,, 
The report also provides projections for Australia's future climate. Thlf�}t�· Jf,lclllc:l,�;

1
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• Further increases in sea and air temperatures, with more ho�,,��ys �;t�,,,�·rine teatwaves, and
fewer cool extremes. ,1f!11!/f1N!//!!1,,. ''it111;,, .tf{ 
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• Further sea level rise and ocean acidification. ,;/1;1,, ,h/.1; ·, }f/;�1 ,,;/1;/!W' ''JZ//iji,, Y/Jj,/1 1!1/1111/11tiJ1r
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• Decreases in rainfall across southern Australia, wi{� mo'r�Jime irila'f5Dght, but an increase in

''!//!' if//01 /i;i/; 
intense heavy rainfall throughout Australia.
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State of the Climate 2018 is the fifth repOl;t)n a seh,es publiil:ted biel�'nially by CSIRO and the 
;1fr1111t11u111t  ·r11illt  
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_  _

_ If'i/t Bureau of Meteorology, which togeth(f
1pTay!,��);JJnti&t;�iJ,role Yt'i1m6hitoring, measuring and

reporting on weather and climate. · • /f!//
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. lh? 1Z�i!11//t/k ht < ,if(i/i;  111/fij; ,,  ./!//!> The S:ate of the Climate 201S:;1��fort caD:h�e'fc>,'µ'i;ta on the Bureau of Meteorology and CSIRO
websites. ,1,,1.. 111/1;,, !/lo/ r11,7�' •  •i!l!ft�l/f1§!!d&7l,1t/fl//iJlf,';/h '1�//1;  '1 

'/ 

Fa st facts· P!/J/hii!!/IJ,1f1, ''//1, ,  
,  • 

/ ,i/!11 1 l,t!JfJ/r ' ,rJ/jjr11 1 
 ff/'  !/fy ,WI;, r,,;f;/!J/ · § '//,;/!/jt '' frf;!i/J11 ift;/!J '  

• Ausfr�lia's climJfe:has walfh)ed by just over 1 °C since 1910, leading to an increase in the 
fr;�tif;,CY qriextr:��;;,qeat Jtents. 

;; ,  ;;,;;:/,;  
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• Surface tf�R�ratu(�,s in the oceans around Australia have warmed by around 1 °C since 1910,
''! /!!;;  1li/lr1 

contributing tq;Jg'.ffger and more frequent marine heatwaves and mass coral bleaching events.
;1; 

• Sea levels are rising around Australia, increasing the risk of inundation.

• The oceans around Australia are acidifying (the pH is decreasing).

• April to October rainfall has decreased in the southwest of Australia. Across the same region
May-July rainfall has seen the largest decrease, by around 20 per cent since 1970.

• There has been a decline of around 11 per cent in the April-October rainfall in the southeast of
Australia since the late-1990s.
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