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Australian Fire Danger Rating System Research Prototype: a 
climatology† 
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A. HolmesB, R. M. B. HarrisC,§, P. T. LoveC and G. WilliamsonC,D

ABSTRACT 

Background. Historical records of fire weather phenomena provide valuable insights into spatial 
and temporal trends which can inform further research and are important tools for planning. 
Aims. We outline a 19-year climatology of a Research Prototype (AFDRSRP), of the new Australian 
Fire Danger Rating System, documenting its spatial and temporal characteristics. Methods. The 
analysis utilises the Australian Bureau of Meteorology’s high-resolution reanalysis suite (BARRA), 
together with fuel data provided by Australian fire agencies. We examine the spatial and 
temporal distribution of the AFDRSRP. Distributions are categorised by fuel type, analysing 
relative variability across time and space. Key results. The results validate the broad behaviour 
of the new system and provide insight into the variation of fire danger throughout Australia, 
adding detail to the understanding of timing of peak fire danger both diurnally and annually. 
Conclusions. While the AFDRSRP differs from the operational system in its fire danger rating 
categories and tuning of algorithms, it nonetheless provides useful insights into the operational 
implementation. Implications. These results will be essential for planning during fire seasons.  

Keywords: AFDRS, Australia, climatology, fire behaviour, fire danger ratings, reanalysis, 
seasonality, temporal and spatial variability. 

Introduction 

For many decades, the McArthur Forest (McArthur 1967; Luke and McArthur 1978) and 
Grass (McArthur 1966; Purton 1982) fire danger rating systems have formed the basis of 
fire management practice in much of Australia. Similar systems are used in most fire- 
prone areas of the globe to produce metrics expressing the destructive potential of a fire 
based on fuel and weather conditions. They are also used to assess suitable conditions for 
land and fuel management operations. 

In the USA, the National Fire Danger Rating System (NFDRS, Deeming et al. 1977;  
Burgan 1988) was developed to account for the interaction of fire, fuels and weather, 
incorporating several components and indices designed to indicate potential fire risk. 
Similarly, the Canadian Forest Fire Weather Index System (Van Wagner 1987) is used in 
many regions throughout the world in addition to Canada. Across several fuel types in 
South Africa, the Lowveld Fire Danger System is used, based on Fire Hazard Index (Laing 
1978; Willis et al. 2001). European nations employ a number of different systems (Viegas 
et al. 1999). 

There was a recognition over many years, highlighted by the findings of an inquiry 
into the Black Saturday fires in Victoria, Australia (Teague et al. 2010), that the 
Australian McArthur fire danger rating system required updating. The existing system 
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was unable to adequately account for a number of factors 
affecting fire activity, including fire ignition likelihood, sup
pression effort, fuel variability such as load or structure, and 
atmospheric stability. In addition, there was no clear agree
ment on the observable fire characteristics of specific fire 
danger index values or ratings, and therefore no capacity to 
incrementally improve the system by comparison of forecast 
ratings with fire observations. Most importantly, the 
McArthur fire danger system only modelled dry sclerophyll 
forest and grass fuels, ignoring the many other fuel types in 
Australia. 

A new fire danger rating system was developed in Australia 
(the Australian Fire Danger Rating System, AFDRS) to 
address these concerns, and to take advantage of advances 
in fire science and meteorology in recent decades. This study 
documents the climatology of the Research Prototype 
(AFDRSRP) implementation of the AFDRS. The operational 
implementation of the AFDRS, which occurred in September 
2022, represents a further development of the research pro
totype outlined here and in related articles. Eight fire spread 
models, supported by peer-reviewed science and amenable 
to calculation with readily available fuel and weather inputs, 
were selected to form the basis of the AFDRS (Matthews et al. 
2019). The fuel types covered by these models include forest 
(Cheney et al. 2012), grass (Cheney et al. 1998), pine plan
tation (Cruz et al. 2008), buttongrass moorland (Marsden- 
Smedley and Catchpole 1995), semi-arid mallee-heath (Cruz 
et al. 2013), temperate shrubland (Anderson et al. 2015), 
northern grassland (Cheney and Sullivan 2008) and spinifex 
(Burrows et al. 2018). Some vegetation types were not 
accounted for by the eight fire spread models above, so 
were included with the closest available model and adjust
ments made to the implementation of the model; e.g. wet 
eucalypt forests used the dry forest model, but with fuel 
availability limited by a higher moisture content. This 
resulted in 23 secondary fuel classifications. A tertiary 
level accounts for spatial variation in fuel characteristics at 
a largely regional level. The fuel types formed the basis of a 
new, national fuel map for Australia (Kenny et al. 2024).  
Fig. 1 shows the three levels of classification ranging from 
the eight fire spread models to 378 fuel types. The fuel map 
underpins model implementation in the AFDRSRP, so the 
structures evident in the map propagate through the fire 
behaviour models to any climatology that is developed 
based on them. For example, abrupt changes evident at 
some jurisdictional boundaries in Fig. 1b, c result from dif
ferences in accounting of fuel age (time since last fire) 
between state and territory land managers across parts of 
Australia. 

Historical atmospheric data provides a rich source of 
potential insights into behaviour of many natural phe
nomena and climatological studies can show broad charac
teristics and overall trends in that data. Climatologies of fire 
danger have been published in the past, particularly in 
Australia. Many of these are based on observational station 

data (Long 2006; Fox-Hughes 2008; Fox-Hughes 2011;  
Lucas 2010; Clarke et al. 2013). Dowdy et al. (2009,  
2010) constructed an 8-year gridded climatology of the 
Canadian Fire Weather Index (FWI) component of the 
Canadian Fire Danger Rating System and McArthur Forest 
Fire Danger Index (FFDI) using numerical weather predic
tion model output. Dowdy (2018) published a gridded cli
matology of McArthur FFDI for the period 1950–2016, 
which has been used to place a number of recent extreme 
fire weather events into historical context (Bureau of 
Meteorology 2019a, 2019b, 2020). Louis (2014) published 
a reanalysis climatology of McArthur FFDI for New South 
Wales (NSW), Australia, generating return period estimates 
for FFDI across the domain. A number of climatologies have 
been constructed for North America (e.g. Andrews et al. 
2003), with (Walding et al. 2018) comparing fire size and 
occurrence with NFDRS output. Freeborn et al. (2016) used 
a climatology based on an updated version of the US NFDRS 
to examine changes in fire activity in that country in recent 
decades, while Jolly and Freeborn (2017) related fire danger 
indices from the updated NFDRS to observed, categorical 
descriptions of fire danger rating category. Field et al. 
(2015) published a database of global fire danger, based 
on the Canadian FWI system, noting the development of 
earlier reanalysis-based datasets of the FWI system over 
regional (e.g. Chu and Guo 2014, for Siberia) and continen
tal (Camia and Amatulli 2009, for Europe) domains. Several 
authors have extended such national or regional climatolo
gies to construct global climatologies of fire danger indica
tors, based on a variety of indices and meteorological 
parameters (Jolly et al. 2015; Jain et al. 2022). 

We describe a climatology of the AFDRSRP and highlight 
its major features, including median and high-decile geo
graphic structure of the AFDRSRP. The climatology provides 
fire managers and meteorologists with an understanding of 
broad characteristics of the AFDRSRP, particularly in view of 
its impending operational implementation. More impor
tantly, the climatology also permits an assessment of the 
appropriateness of fire danger rating thresholds within the 
system. Thus, for most locations and for most of the time, 
ratings should be relatively low, with the highest rating 
category restricted to a very small percentage of occasions 
across Australia. This is not to say that fires cannot occur 
frequently, particularly during typical fire seasons, but that 
rapidly spreading and high intensity fires are not observed 
frequently (for more details on observed characteristics of 
fires in each category, see Hollis et al. manuscript 2 in this 
series). Any departure from this distribution would prompt a 
review of the structure and application of the AFDRSRP. 

In addition to new fire danger ratings the AFDRSRP speci
fies a set of warning flags indicating changing or unstable 
conditions conducive to increased fire activity, but which are 
not directly accounted for by the simple weather parameters 
used in the calculation of ratings. Of these the Continuous 
Haines Index (CHaines, Mills and McCaw 2010) is used as a 
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measure of atmospheric instability and dryness conducive to 
increased fire activity. A flag is raised if daily peak CHaines 
exceeds the 95th percentile of historic values for a given 
location. To this purpose we also develop a climatology of 
CHaines. 

The paper is structured as follows. We describe the gener
ation of the climatology, combining the regional reanalysis 
with the AFDRSRP to produce the reanalysis climatology. In 
the results section, we describe some insights about spatial 
and temporal characteristics of the AFDRSRP and, in the 

discussion section, explore pathways to future progress 
before summarising the work. 

Materials and methods 

The AFDRSRP requires inputs of dynamic weather, fuel state 
and fire history as well as a fuel type grid that covers 
Australia. The outputs are a Fire Behaviour Index and a 
rating derived from the index indicating potential fire 

Fire spread models

Forest

(a)

(b)

(c)

Woodland

Grassland

Spinifex

Mallee heath

Shrubland

Buttongrass

Pine

Non-combustible

Fig. 1. Australian fuel map in its three 
levels of detail (a) attribution of the eight 
fire spread models (b) breakdown of 
these models into 23 major fuel classifi
cations (c) further refinement into 378 
parameterised fuel types. A legend indi
cates fuel types in (a).    
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danger categorised into six levels (Grootemaat et al. 2024;  
Hollis et al. 2024). Index and category values were gener
ated hourly, then summarised into daily and longer-term 
statistics, from January 2000 to February 2019. 

Fuel state parameters 

Fire history represented as years since last burn was 
required to drive fuel accumulation curves, in turn to calcu
late available fuel load as an input to fire behaviour models. 
The history was derived from historic burn data, and the 
fuel type grid from the AFDRSRP was used to delineate fuel 
types. Consistent historical data was available for the period 
2003–2019. In order to construct an approximate 20-year 
climatology of the fire danger ratings; however, seasonal 
average fuel loads were derived from the available data 
commencing 2003 and used to backfill fuel load for the 
period 2000–2002, thereby allowing the climatology to 
extend from 2000 forward. Ideally, a climatology would 
extend for a longer period than approximately 20 years. 
Certainly, the required weather data is available for longer. 
However, sufficiently detailed fuel data has only been gath
ered and archived across Australia relatively recently. 

Weather parameters 

Meteorological parameters used in the climatology were 
obtained from the Bureau of Meteorology’s Atmospheric 
high-resolution Regional Reanalysis for Australia (BARRA:  
Su et al. 2019). BARRA is based on the Australian opera
tional numerical weather prediction model ACCESS and 
provides the highest resolution available three-dimensional 
gridded historical dataset of the atmosphere over Australia. 

BARRA includes several datasets: BARRA-R is a regional 
(Australia plus surrounding territory) scale reanalysis, and 
several nested subdomains have also generated at higher 
resolution over priority subregions. BARRA-R was used for 
this analysis as it covers the period from January 1990 to 
February 2019 at 12 km horizontal and hourly temporal 
resolution over the entire Australian domain. However, 
due to the limit of available fire history grids, only the 
period from January 2000 to February 2019 was used for 
this study. While BARRA-R represents the historical atmo
sphere well, there are known biases. In particular, there is a 
generally small but consistent underestimation of higher 
wind speeds (Su et al. 2019), typical of numerical weather 
prediction models, which results in lower than realistic 
estimates of fire danger. Spatial and temporal patterns of 
fire danger are not expected to be affected. 

To represent forest fuel availability to burn, Drought 
Factor (DF) was derived from the BARRA-R data as the latter 
represented the most consistent source of this data. DF cal
culations can employ several different precursor soil dryness 
metrics. Operationally, the Keetch-Byram Drought Index 
(KBDI, Keetch and Byram 1968) or the Mount Soil Dryness 
Index (MSDI, Mount 1972) are used in different jurisdictions 
within Australia. We use KBDI for consistency with other 
Australian climatological studies. In the operational defini
tions of DF (Griffiths 1999), a day is specified as 09:00–09:00 
hours local time. However, as the climatology encompassed 
the whole of Australia, covering several time zones, 
00:00–00:00 hours Coordinated Universal Time (UTC) was 
used to represent a single day. This is deemed acceptable as 
the resulting differences day to day are not relevant to the 
overall variability and climatology of AFDRSRP. 

Table 1. Data sources used in the calculation of the AFDRS.      

Grids Resolution Source Notes   

Temperature (T) Hourly, 1.5 km Bureau of Meteorology’s high- 
resolution reanalysis BARRA-R  

Temperature dewpoint (Td) 

Wind speed (Wmag) 

Precipitation (Precip) 

Drought Factor (derived using 
KBDI calculations) 

Curing Weekly, 500 m Bureau of Meteorology archives Satellite derived MapVic curing 

Soil moisture Daily, <1.5 km Australian Landscape Water 
Balance (the Bureau) 

0–10 cm layer 

Grass fuel load Time 
independent, 1.5 km 

NSW Rural Fire Service Assumed fuel loads based on general climate (6, 4.5, 
2 t ha−1 for distinct climate regions) 

Time since fire (TSF) Non regular time 
steps, 1.5 km 

NSW Rural Fire Service (collated 
agency fire history archive) 

Days since last fire event from grid time stamp, select 
grids throughout time period. Derived from fire 
occurrence database. 

Fuel type Time 
independent, 1.5 km 

NSW Rural Fire Service Fuel type grid underpinning AFDRSRP calculations. 
( Kenny et al. 2024)   

S. Sauvage et al.                                                                                    International Journal of Wildland Fire 33 (2024) WF23144 

4 



Satellite derived curing grids were drawn from the 
Bureau’s archives of operational data, stored at weekly 
intervals. Curing grids were derived based on the approach 
of Martin et al. (2015), using the MapVictoria (MapVic, 
described in Martin et al. 2015) algorithm to generate cur
ing values. In cases where missing data points occurred in 
the archives (due to satellite obstruction by cloud), these 
were filled with a two-step method. First, interpolation was 
attempted from 3 weeks of data either side of the missing 
week and where this was not possible, the monthly mean 
value was used. This method was used after considering the 
approaches taken operationally by both the NSW Rural Fire 
Service (RFS), where new values are mosaiced over old, and 
the Victorian Country Fire Authority (CFA), where a spatial 
interpolation approach is used. As a more comprehensive 
dataset was available for the AFDRSRP than is generally the 
case for the operational fire agencies, the latter two-step 
method was chosen. 

The spinifex fire spread model uses 0–10 cm soil moisture 
content to determine fuel availability. Modelled soil mois
ture data using the AWRA-L model were obtained for this 
purpose from the Australian Landscape Water Balance 
archive (Frost et al. 2018). 

Table 1 summarises the data sources used in the calcula
tion of the climatology. 

The climatology grids were produced by calculating the 
AFDRSRP over the Australian region at the spatial resolution 
of the fuel type grids (1.5 km) and the hourly temporal 
resolution of the BARRA-R reanalysis dataset. The disparate 
data sources were resampled using greatest coverage to 
match the resolution and dimensions of the fuel type grids. 
For fuel state grids that were not available at hourly resolu
tion the most recent grid was used. For example, grass curing 
was based on observations updated on a weekly basis. 
However, forest Drought Factor was updated every 3 h, at 
the resolution of precipitation grids, to account for the pos
sibility of rainfall occurring and wetting that fuel type. 

The hourly grids were summarised to generate a daily 
maximum of the Fire Danger Rating and Fire Behaviour 
Index, where a day was defined for this purpose between 
15:00 hours and 15:00 hours UTC. The full set of daily 
maximum grids was then used to produce summary grids 
based on percentiles for different sub-yearly periods across 
the entire set of years. Percentiles were created using annual, 
seasonal and monthly time periods. Analyses focussed on 
50th, 90th and 99th percentile maps. 

Percentile maps of daily maximum values of the 
AFDRSRP, over the Australian domain during the period 
2000–2019, are presented to provide an overview of typi
cally occurring values, and how these compare across 
Australia (Fig. 2). Thus, for example, the 90th percentile 
map of the AFDRSRP displays values at each grid point for 
which the daily maximum value will not be exceeded on 
90% of days, if the 90th percentile value of the AFDRSRP is 
Category 5 at a grid location, the AFDRSRP rating should be 

no higher than five on nine days out of 10. The plots 
displayed are of the 50th, 90th and 99th percentile values 
of FDR. 

Plots of each percentile were further summarised into a 
category distribution plot (Fig. 3) for the entire region and 
for specific fuel types. These plots highlight the overall 
behaviour, sensitivity and distribution of the associated 
models. 

Fire
danger
category

2

3

4

5

6

1

(a)

(b)

(c)

Fig. 2. Plots of (a) 50th, (b) 90th and (c) 99th percentile Fire Danger 
Rating for the 2000–2019 analysis period. Generally, as expected, 
areas of highest category are not very apparent even in the 99th 
percentile plot.   
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Results 

Fire danger percentiles 

The structures that emerge from plots of the 50th, 90th and 
99th percentiles of the AFDRSRP rating (Fig. 2) clearly 
reflect the underlying fuel map and highlight how divergent 
adjacent points can be, based on the respective underlying 
fire spread models. Of note with these plots is the low 
frequency of Category 6 and its concentration in certain 
areas. Overall, this is due to the lower sensitivity of most 
models and the infrequency of conditions that drive higher 
categories. The predominant areas of higher category are 
Pine, which the fire spread model distributions show to be 
the most sensitive of the models. Another region of this 
highest category is the southeast coast of the Gulf of 
Carpentaria, which is largely grassland and possibly exposed 
to higher windspeeds at critical times of the day compared 
to more inland locations. Areas of the interior of the country 
have low to no occurrence of higher categories. This reflects 
the broad, discontinuous distribution of vegetation in those 
areas and hence the lower likelihood of fire spread, reflected 
in the parameterisation of those points (Hollis et al. 2024;  
Kenny et al. 2024). 

The climatology indicates that the AFDRSRP behaves as 
expected. Overall, the spatial and temporal distribution is 
heavily biased towards the lower categories, with fewer 
areas and times experiencing higher ratings. The distinct 
models follow the overall trend but also highlight different 
sensitivities. 

Diurnal timing 

Hourly resolution of the Fire Behaviour Index permits exam
ination of the mode hour of maximum time (in Mean Solar 
Time) by plotting the fire spread model distribution of hour 
of maximum (Fig. 4). Note that during the summer months, 
Australia (excluding offshore islands, which potentially add 
another three) is subject to five time zones. Use of MST to 
indicate time across the 40° of longitude encompassed by 
continental Australia best represents the impact of diurnal 
insolation across the landscape, as MST aligns with the 
movement of the sun across the sky at each location. 
Several points of interest emerge from these plots. Most 
models fit a widely assumed early afternoon peak 
(McArthur 1967; Fox-Hughes 2011) with a notable excep
tion of Spinifex which has an abrupt peak in the morning 
and gradually tapers off. The morning peak is likely to be of 
interest to operational land managers, and would repay 
further investigation to ascertain which of the underlying 
model parameters (or combination of parameters) is driving 
it. As spinifex is an arid land vegetation type, soil moisture 
content in such environments is frequently low and the 
relative humidity can quickly drop as the air warms. Also, 
mallee-heath is frequently insensitive to conditions typically 
experienced over the course of a day. As such, fire danger 
conditions experienced at 15:00 UTC (the uniform start of a 
day for calculation of AFDRSRP across Australia) are often 
the highest experienced at any time during the ensuing day. 
That time (15:00 hours UTC) corresponds to 23:00 hours 
MST, with a strong but misleading peak displayed for this 

Fire
danger
category

2
3
4
5
6

1

Overall 17% 53% 15% 12% 3%

16% 62% 16% 5%

15% 18% 28% 38%

41% 47% 8%

75% 19% 6%

36% 30% 23% 11%

90% 8%

45%

46%

23%

22%

24% 6%

23% 7%

Buttongrass

Forest

0.0 0.2 0.4 0.6 0.8

Grassland

Spinifex

Northern grassland

Mallee heath

Shrubland

Pine

Fig. 3. Overall distribution of categories. Aggregating category counts of daily max for each fire 
spread model and over the whole of Australia. Note that while some fuel types (e.g. Forest) do reach 
the highest category, the frequency isn’t sufficient to be discernible in the plot.    
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fuel type at that time. The peak is shown in grey in Fig. 4, to 
alert readers to the fact that the peak is not related to 
diurnal variation, but to the choice of the start of a day. 

Of additional interest are the models that have little 
sensitivity at night (Grassland, Pine, Northern Grassland 
(savannah) and Forest) versus those that show some signal 

(Buttongrass, Shrubland, Mallee-Heath) reflecting their 
relative sensitivity to temperature and relative humidity. 

Fig. 5 shows the mode hour of maximum fire danger 
across Australia. The early afternoon maximum, as men
tioned above, can be seen across the country, varying to a 
degree with time zones (03:00 hours UTC/14:00 hours Local 
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Fig. 4. Distributions of hour of maximum Fire Behaviour Index grouped by fire spread model. Hours are in 
Mean Solar Time. Red bars denote relative maxima (compared to surrounding times) of Fire Behaviour Index.   
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Summer Time in the east to 06:00 hours UTC/14:00 hours 
Local Time in the west), but strongly influenced by elevation 
in the east, proximity to the coast and, as highlighted above by 
fuel type. Of note, large differences are evident in the beha
viour of some fuel types. This is particularly the case, as noted 
above, given that Spinifex fire danger typically peaks in the 
morning (Fig. 4), and occurs preferentially in the arid interior 
of Australia. Of interest are continuous regions of often a single 
vegetation type with distinct variations in the modal hour of 
maximum fire danger. This reflects differences in the climatol
ogy of the respective regions. For example, a distinct feature 
occurs in uniform vegetation inland of the north-west Western 
Australian coast. Fire danger peaks most commonly between 
09:00 hours and 11:00 hours UTC (late afternoon to early 
evening) in this region. The feature occurs across multiple 
vegetation types (mainly Northern Grassland and Spinifex) 
and so is more likely a product of local weather phenomena, 
potentially a combination of inland winds and higher temper
atures compared to the coast. It is outside the scope of this 
paper but would be of interest to investigate further. 

Month of peak danger 

The month of peak fire danger is determined by calculating 
the monthly mean daily maximum fire danger then selecting 
the month with the highest mean. The resulting plot (Fig. 6a) 
reflects established seasonal ranges and corroborates 
McArthur’s plots of seasonal fire danger (Luke and McArthur 
1978), although with greater detail. Months of peak fire dan
ger vary from December to January in the south and 
October–November in the north. This overall pattern differs 
notably on the east coast as the Great Dividing Range running 
inland of the coast (north to south) modifies the local climate 
in these areas (a characteristic that is reflected in the fuel 
map). In addition, many variations are driven by differences 
in fuel types and subtle variations in climate. Some reflect 
differences in the categorisation of fuels, despite efforts to 
harmonise vegetation characterisation across jurisdictional 

boundaries. For example, there is a clearly artificial bound
ary in the north-west of the map (Fig. 6), associated with the 
border between Western Australia and the Northern 
Territory. This is caused by a subtle difference in the para
metrisation of Spinifex vegetation across the administrative 
boundary (Fig. 1c). 

Continuous Haines index 

The Continuous Haines Index (CHaines) is an indicator of 
atmospheric instability used operationally in some parts of 
Australia. An extension of the Haines Index, it also flags 
atmospheric instability and the potential for abrupt 
decreases in relative humidity as dry air mixes down 
towards the surface, potentially resulting in rapid increases 
in fire activity (Mills and McCaw 2010). The AFDRSRP uses 
CHaines as an additional indicator of fire danger by flagging 
when the predicted CHaines exceeds the climatological 95th 
percentile of daily maxima. Initially such values had only 
been derived with lower resolution atmospheric models 
spanning a period of less than a decade to provide indicative 
estimates of typical CHaines for several locations in 
Australia. Dowdy and Pepler (2018) developed a spatially 
comprehensive Australian climatology of CHaines based on 
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Fig. 5. Mode hour of maximum Fire Behaviour Index in UTC.   
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Fig. 6. Month of maximum mean fire danger for (a) AFDRSRP and 
(b) McArthur fire danger system. This follows an expected pattern 
between northern and southern extremes of the country.   
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ERA-Interim reanalysis (Dee et al. 2011) between 1979 and 
2016, using the 06:00 UTC timestep as representative of peak 
afternoon fire weather conditions. The higher spatial resolu
tion and hourly temporal resolution of BARRA-R offered an 
opportunity to better resolve variability of CHaines in both 
time and space. For this reason, the 1990–2019 BARRA-R 
dataset was used to develop a climatology of CHaines using 
hourly data from which daily maximum CHaines was com
puted. A map of 95th percentile daily maximum CHaines 
was then derived from these data. 

Plots of 95th percentile daily maximum CHaines and 
mode hour of maximum CHaines are in Figs 7 and 8, respec
tively. The values for the 95th percentile daily maximum 
plot largely agree with figures from Mills and McCaw 
(2010), and those in Dowdy and Pepler (2018). In each 
case, values of 95th percentile daily maximum CHaines 
are around 10 on the east coast of Australia and 13 in the 
western interior of the continent. 

The timing of daily maximum CHaines, for values above 
the 95th percentile of daily maxima (Fig. 8), is of particular 
interest as this has not been investigated before. The hourly 
resolution of BARRA-R permits close observation of typical 
diurnal variability in this quantity. Mean times of diurnal 
peaks range from 00:00 hours to 05:00 hours UTC (local time 
08:00–13:00 hours in the west and 10:00–14:00 hours in the 
east) and can be seen to broadly follow the general shape of 
the 95th percentile value map with areas in the western 
interior ranging up to 05:00 hours UTC (13:00 hours local 
time) and the eastern and southern coastal areas peaking at 
01:00 hours UTC (11:00 hours local time). These patterns do 
not reflect a consistent local time peak across the continent 
but instead indicate that diurnal surface heating is only one 
factor in the occurrence of peak values. 

Discussion 

This paper has presented a subset of results from a climatol
ogy of the AFDRSRP. It is important to note that these results 
are a snapshot of the Research Prototype of the AFDRS, and 
not its operational implementation. The system is designed 
to be tuned based on observations of fire events so that over 
time, it will evolve to more accurately predict the danger 
associated with real events. However, many of the broad 
characteristics resulting from this study provide good 
instruction on the overall behaviour of the system and 
thus will prove valuable in training and decision-making 
processes in fire management. 

The greatest departure in the AFDRSRP from previous fire 
danger rating systems is the application of more fire spread 
models as an alternative to McArthur FFDI and GFDI. This is 
most clearly seen in the fuel type map and the patterning 
that occurs in all resultant maps. The climatology presented 
here is a strong departure from previous climatologies of fire 
danger in Australia that focused solely on the FFDI and 
hence, resulted in clearer and simpler outcomes but which 
spoke more to the climate in an area than directly to its fire 
danger. Vegetation is rarely uniform thus the fuel type map 
makes the AFDRSRP a much more realistic tool for fire 
managers. Inevitably, the fuel type map will not prove to 
be fully accurate in parts of the country. However it and 
other aspects of the AFDRSRP are designed to be updated 
and refined as the system evolves. 

Investigation of the climatology of the AFDRSRP fire dan
ger rating categories indicates that the system accords 
broadly to observation and the expectation of fire managers. 
It also highlights areas that have greater or lesser propensity 
to higher categories together with corresponding vegetation 

0 2 4 6 8 10 12

Fig. 7. 95th percentile of daily maximum CHaines.   
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Fig. 8. CHaines mean hour of maximum for values above the 95th 
percentile. Values above the 95th percentile are relevant to assessing 
contributing atmospheric instability to fire danger. These timings 
indicate the peak instability for this range of CHaines tends to 
occur between the local morning to early afternoon.   
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types. The variation in sensitivity and response of various 
vegetation types is a direct reflection of the fire spread 
models used and so is not surprising in itself. However, it 
is the first time this variation has been mapped and hence 
provides an enhanced awareness of the distribution of fire 
danger across Australia. An interesting adjunct to this result 
would be to investigate how it corroborates with experien
tial knowledge of regions of extreme fire danger. With the 
current level of validation these maps provide useful tools 
for fire managers to know where best to focus resources in 
fire-management scenarios. Additionally, although the indi
vidual models have been empirically derived and hence 
reflect the observed behaviour of the associated fuel type, 
the distributions of categories (Fig. 2) show how these 
models are modulated by the overall climate in which 
they occur. Hence the relative danger of a particular vege
tation type may be attenuated by the local climate in its 
endemic region. 

The results of the diurnal variability aspect of the study 
are of particular interest as they challenge the common 
assumption that peak fire danger occurs in the early after
noon. Clearly, this is not the case for all vegetation types and 
sub-climates, indicating that it is essential in decision mak
ing to be aware of typical diurnal characteristics of the types 
of vegetation burning and the corresponding indicated beha
viour, together of course with the variability in weather 
conditions. Other studies indicate that the effects of eleva
tion result in different patterns of diurnal variability in peak 
fire danger (Fox-Hughes et al. 2019). The variations in peak 
timing within each vegetation type (Fig. 4) would reward 
greater exploration, especially in understanding the beha
viour of fuel types that do not conform to an afternoon peak 
(Spinifex and Northern Grassland) to pinpoint drivers of this 
behaviour. Further, the timing of maximum CHaines also 
indicates that potential dramatic changes in atmospheric 
conditions due to instability and dryness may occur outside 
of peak fire danger timing, emphasising the need to assess 
each situation carefully. 

In this paper, we focussed on broad features of the clima
tology of AFDRS across the entirety of Australia. It is clear 
that the climatology is strongly dependent on fuel type 
(discussed further below). It differs in that respect from 
the previous operational system(s) used in Australia, 
which treated forest and grassland separately rather than 
attempting to integrate them into a single fire danger rating 
system. The previous system also largely did not deal with 
other vegetation types. We have not, however, systemati
cally reported the sensitivity of the AFDRS to individual 
weather parameters such as wind speed or relative humid
ity. This is clearly of interest and important both to fire 
managers and meteorologists dealing with fire. Sensitivity 
to weather parameters, particularly wind, of individual fire 
behaviour models is documented in Matthews et al. (2019), 
but is outside the scope of this work. A climatology such as 
that discussed here is of considerable value to fire managers, 

placing current and forecast conditions in historical context. 
As a simple example, time series of AFDRS Fire Behaviour 
Index for a site can be plotted against backgrounds display
ing frequency thresholds such as 90th or 95th percentile 
daily maximum values. 

Finally, we briefly discuss the validity of these results and 
the interplay between the fuel map and climate. The fuel 
type map itself is strongly driven by climatology as the long- 
term effects of climate will encourage the growth of vegeta
tion adapted to local long-term conditions. As such vegeta
tion becomes established, it in turn can have subtle effects 
on climate. Hence in looking at the fuel map, areas of 
mountain and desert, inland and coastal areas can all be 
seen reflected in the fuels that are best acclimatised to those 
conditions. This also highlights that any climatology pro
duced using the fuel type map is only valid for as long as 
both the climate and general vegetation types are consistent. 
Any major events that drastically affect an area may result 
in a change in the types of vegetation that occur there 
having flow on effects to the microclimate of the area and 
hence its response to weather conditions (Wendt et al. 2007;  
Veraverbeke et al. 2012; Beringer et al. 2015). Clear exam
ples of this are long-term drought or large-scale fire events 
that drastically alter the landscape of an area, turning it, for 
example, from scrub to desert or forest to scrub. Such events 
would require changes in the fuel maps and would make the 
climatology results for those areas less valid. A strength of 
the AFDRS is that it can evolve to reflect these changes. 
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