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Welcome from Editors 
 

It is our pleasure to bring to you the compiled papers from the Research Forum of the AFAC 

and Bushfire CRC Annual Conference, held in the Perth Exhibition and Convention Centre 

on the 28th of August 2012. 

These papers were anonymously referred. We would like to express our gratitude to all the 

referees who agreed to take on this task diligently. We would also like to extend our 

gratitude to all those involved in the organising, and conducting of the Research Forum. 

The range of papers spans many different disciplines, and really reflects the breadth of the 

work being undertaken, The Research Forum focuses on the delivery of research findings 

for emergency management personnel who need to use this knowledge for their daily work.  

Not all papers presented are included in these proceedings as some authors opted to not 

supply full papers. However these proceedings cover the broad spectrum of work shared 

during this important event.  

The full presentations from the Research Forum and the posters from the Bushfire CRC are 

available on the Bushfire CRC website www.bushfirecrc.com. 

 

Richard Thornton and Lyndsey Wright  

June 2013  

ISBN: 978-0-9806759-6-2  

 

 

 

 

 

 

 

 

 

 

 

Disclaimer: 

The content of the papers are entirely the views of the authors and do not necessarily 

reflect the views of the Bushfire CRC or AFAC, their Boards or partners. 

http://www.bushfirecrc.com/
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Abstract 

 
Predicting probable fire spread is vital to the success of fire suppression and protection of 

lives and property.  Fire authorities responsible for deploying resources gain a valuable 

advantage if they know in advance where the fire is likely to be by the time resources arrive.  

Researchers at the University of Western Australia (UWA) have developed software, called 

Australis, to simulate bushfire spread over the various fuel types found within Australia.  The 

Western Australian Government’s Statutory Authority Landgate has been detecting fire 

hotspots (FHSs) from the Moderate Resolution Imaging Spectroradiometer (MODIS), 

onboard the Terra and Aqua satellites, in near real-time for over 10 years using both US 

National Aeronautics and Space Administration (NASA) software and algorithms developed 

in-house.  Aurora, a new web based system developed by Landgate in partnership with 

UWA and the Western Australian Government’s Department of Fire and Emergency 

Services (DFES), uses these satellite-derived FHSs as ignition points for the UWA simulator.  

Other variables are also used including real-time gridded weather forecast data and gridded 

drought-factor data from the Australian Bureau of Meteorology (BoM).  This allows 

simulations of up to 24 hours to be activated automatically each time a set of FHSs from 

MODIS are detected.  The output from each simulation is sent to the Aurora website.  This 

secure website allows fire controllers to overlay the bushfire spread simulations on other 

Geographical Information System (GIS) datasets to determine what infrastructure is 

threatened and what access is available to enable suppression of the fire.  Armed with this 

valuable information, a fire controller can then deploy resources with maximum efficiency.  

The fire controller is also able to run simulations using a combination of his/her own 

information (including firebreaks) and pre-existing data.  This allows the testing of various 

ignition points and weather conditions in order to determine the best days for carrying out 

prescribed burns or to run a series of scenarios quickly to optimise fire-suppression 

outcomes. 
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Introduction 

 
One of the advantages of fire is that it helps to stimulate new vegetation growth.  Even 

though the processes contributing to fire spread are not completely understood, there are 

relationships between the observable elements affecting fire behaviour that can be used to 

predict fire spread.  These relationships, or fire-spread models, have been constantly 

improved upon since the mid 1940s (Pastor et al. 2003).  Fire-spread modelling has gone 

from paper-based calculations to cardboard wheel meters and hand-held calculators in the 

1970s and then personal computers (PC) in the 1980s.  With the growth in popularity of 

Geographical Information Systems (GISs) and advances in computing power visualisation of 

the output of fire-spread modelling has become easier.  There are now many PC-based 

software systems that allow the simulation of fire spread over time, including some that have 

been designed for Australian conditions (Pastor et al. 2003).  These systems all require the 

user to manage the underlying datasets needed to run a fire-spread simulation.  For those 

users who are unfamiliar with GIS this can make their use of such systems more difficult and 

time consuming and become a point of resistance.  Having a web-based fire-spread 

simulator with preprocessed spatial data can remove some of these problems. 

Background 

 
The University of Western Australia (UWA) designed fire-spread simulator Australis uses a 

cell-based approach with an underlying irregular grid.  The irregular grid approach minimises 

the distortion of fire shape as the direction to the immediate neighbouring cells of a given cell 

are different from those of any other cell.  It also uses an efficient discrete-event simulation 

methodology to propagate the fire over the landscape.  The advantage of this technique is 

that the computational time is proportional to the number of cells that are ignited (Johnston 

et al. 2008).  The Australis simulator has been written in Java so that it is portable across 

operating systems.  

Landgate’s FireWatch system was developed during the mid 1990s to assist in the 

management of bushfires occurring in Australia.  Originally it only used data from the 

Advanced Very High Resolution Radiometer (AVHRR) on the US National Oceanic and 

Atmospheric Administration (NOAA) polar orbiting satellites (Smith et al. 1998).  However, in 

late 2001, the Western Australian Satellite Technology and Applications Consortium 

(WASTAC) installed an X-band satellite receiver at Murdoch University, Perth, in order to 

receive Moderate Resolution Imaging Spectroradiometer (MODIS) data (Pearce et al. 2005).  

Landgate has been detecting fire hotspots (FHSs) from the MODIS sensor in near real-time 

using US National Aeronautics and Space Administration (NASA) software and also 

algorithms that were developed at Landgate optimised for Australian conditions. 

Funding from the Australian Government’s Department of Broadband, Communications and 

the Digital Economy, through the Digital Regions Initiative (DRI), has enabled Landgate, 

UWA and the Western Australian Government’s Department of Fire and Emergency 

Services (DFES) to work together and develop a web based system using the Australis 

simulator.   
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Design 

 
Landgate has designed a complete fire-simulation system, called Aurora, consisting of web, 

map, database and backend processing servers, all using open-source software or software 

developed as part of the DRI project.  On the backend processing server, two processing 

streams have been developed that use the Australis fire-spread simulator as their engine. 

The first stream (called MODIS FHS simulations) uses the FHSs detected from each MODIS 

pass as ignition points for the simulator.  MODIS passes received in Perth are processed as 

well as passes sent from the X-band satellite receivers in Alice Springs and Townsville.  This 

gives complete coverage of Australia at least twice a day.  The time taken from the start of 

receiving a MODIS pass to the time at which the output simulation appears on the website is 

about 45 minutes for a pass received in Perth.  This extends out to 87 minutes for passes 

from Townsville and 3 hours for passes from Alice Springs.  This is a function of the different 

processing at the X-band satellite receivers, internet speeds and polling of File Transfer 

Protocol (FTP) sites.  The output from each simulation is sent to the Aurora website with the 

ignition time set to the start time of the MODIS pass.  In some cases the same pass will be 

received at two or more different stations and the start time will either be the same or within 

a few minutes.  The advantage of having multiple stations receiving the same pass is that a 

loss of data at one station may be covered by another station.  Currently these MODIS FHS 

simulations are predicted out to 24 hours. 

The second stream (called user-defined simulations) allows the fire controller to run 

simulations using a combination of his/her own information and pre-existing spatial data and 

fire-behaviour models.  This allows the testing of various ignition points, firebreaks and 

weather conditions in order to determine the best time for carrying out prescribed burns or to 

run a series of scenarios in order to optimise fire-suppression outcomes for a current fire 

event. 

For use in an operational scenario, Landgate has also designed a PC version that uses 

Environmental Systems Research Institute’s (ESRI’s) ArcGIS software as its base platform.  

The main advantage this version has over the web based version is that the user can use 

his/her own data (and possibly create higher-resolution simulations).  This use of the PC 

version of the simulator is probably more suited to a fire agency’s operations centre 

responsible for a live fire event. 

Inputs 

Static Datasets 

 
Several static datasets are required to run the simulator.  All of these input datasets must be 

converted to Albers Equal Area Conic Projection (Kelso and Mellor 2012).  As Australia is a 

mid-latitude country and extends predominantly east-west, this type of map projection is 

ideal for equal-area mapping (Snyder 1987).  To define the landscape a set of tiles, with 

each tile containing points, is generated.  This set of irregular points is generated using a 

Poisson disk distribution.  An approximation of the Voronoi diagram and Delaunay 
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triangulation is then calculated to determine the polygon boundaries and neighbours of each 

cell (Johnston et al. 2008).  The point spacing and size of the tiles is arbitrary, but ideally a 

single tile should be at least big enough to cover the area of a large fire.   For the MODIS 

FHS simulations, a point spacing of 1 km with tiles sizes of 100 km is used.  As the MODIS 

FHSs are derived from the 1-km resolution bands and have a spatial error in the order of 

±1.5 km, using a point spacing less than 1 km would result in a locational fallacy.  For the 

user-defined simulations, a point spacing of 250 m with tiles sizes of 25 km is used. This 

represents a trade-off between the processing time taken to generate a simulation for fires 

under extreme weather conditions and the visual aesthetic of the resulting fire-simulation 

spread. 

Once the tiles have been generated, they are spatially intersected with three different 

datasets. The first intersection is with a resampled version of the 1-second (30-m) smoothed 

digital elevation model (DEM–S) derived from the Shuttle Radar Topographic Mission 

(SRTM) data.  This DEM has undergone several processes in order to remove noise and its 

vertical accuracy is approximately 5 m (Geoscience Australia and CSIRO Land & Water 

2010).  The second intersection is with the Major Vegetation Subgroups (MVS) dataset 

taken from the National Vegetation Information System (NVIS).  This dataset contains 67 

groups that represent the dominant vegetation occurring in each 100 m x 100 m cell across 

Australia (ESCAVI 2003). The third intersection is with the Time Of Last Burn (TOLB) 

dataset generated from the NOAA-AVHRR derived fire scar maps.  Landgate has mapped 

fire scars every nine days at 1-km resolution from the NOAA satellites going back to January 

1989.  At the end of each calendar month, the most recent nine-day datasets are added to 

the TOLB dataset.  To keep the two sets of tiles (250 m and 1 km) current, the intersection 

with the TOLB dataset occurs within one hour of it being updated. 

A vegetation mapping file is used to map the vegetation codes in the NVIS MVS dataset to a 

set of fire spread and fuel accumulation models.  There are currently 30 different fire-spread 

models that can be used within the simulator.  These include the McArthur forest and 

grassland meters and models developed as part of Project Vesta (Gould et al. 2007). Some 

models employed for shrublands and mallee-heath use the TOLB to determine the fuel load 

(Kelso and Mellor 2011). 

Dynamic Datasets 

 
There are currently two dynamic datasets that help propagate the state of the whole fire 

system being simulated.  The first is the gridded weather forecast from the Bureau of 

Meteorology.  This dataset is created using the Australian Community Climate and Earth-

System Simulator (ACCESS) Numerical Weather Prediction (NWP) systems and is supplied 

in NetCDF format with hourly forecasts up to 48 hours into the future.  Each hourly forecast 

has a set of weather attributes for each 0.11°0.11° cell across Australia.  These files are 

created four times per day and the last file is usually available within three hours of the base 

times (00:00, 06:00, 12:00 and 18:00 UTC) (NMOC Operations Bulletins 2010).  The screen-

level air temperature, relative humidity and wind vectors at a height of 10 m are extracted 

from each forecast file and written to a comma-separated variable file (CSV) based on the 

latitude and longitude.  
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The second dataset is the drought factor (DF) using the Keetch-Byram Drought Index 

(KBDI).  This dataset is generated on a daily basis for each 0.25°0.25° cell across 

Australia.  The KBDI DF is converted to a CSV file based on the latitude and longitude.  It is 

used in the McArthur forest and grass meters to modify the rate of spread based on fuel 

moisture (Kelso and Mellor 2012). 

Operation 
 

To be granted access to use the Aurora website (http://aurora.landgate.wa.gov.au), a user 

needs to firstly lodge a web request to create an account which then has to be approved by 

DFES.  If the user has been approved, an email is sent stating that access has been 

approved.  After logging in, the default screen view (Fig. 1) has: 

  

1. Three tabs at the top left: 

a) Data – the list of all layers that are available; 

b) Legend - a legend for each layer that can be classified in some form; and 

c) Simulations – a series of panels that enable a user to run customised fire-spread 

simulations. 

2. Two expandable layers at the bottom left: 

a) Active Layers – the list of all layers that are turned on; and 

b) Simulation Progress – the status table for active user simulation. 

http://aurora.landgate.wa.gov.au/
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3. A map window on right-hand side with tools along the top. 

 

The “Simulations” tab is used to run a customised simulation.  There are six panels of 

information that can be populated: 

 

1. Duration 

2. Ignition Sources 

3. Fuel Load Adjustments & Firebreaks 

4. Weather 

5. Annotations 

6. Run Simulation 

 

The “Duration” panel allows the user to enter the start date, time and duration of the fire-

spread simulation.  The “Ignition Sources” panel allows the user to enter either a set of 

ignition points and/or a set of ignition lines.  At least one ignition source must be entered and 

each one can have a different time and date as long as it fits within the duration of the 

simulation.  The “Fuel Load Adjustments & Firebreaks” panel allows the user to draw a 

polygon and assign a fuel load for that polygon.  This is useful for when a simulation is being 

run on a live fire and part of the landscape has already been burnt and mapped. This can be 

entered so that the simulation does not burn over parts of the landscape that have already 

been burnt.  This panel also allows the user to place a polyline representing a firebreak.  The 

“Weather” panel has a default setting which uses the gridded weather forecast.  However, 

the user can also enter his/her weather information.  This is useful if the user has access to 

an automatic weather station close to the fire or has been provided with a spot fire- weather 

forecast. If the user-provided information does not extend to the full duration of the 

simulation the weather forecast is used to fill any gaps.  The “Annotations” panel allows the 

user to mark points of interest on the landscape.  If the fire spread reaches that point the 

ignition time is added to the list of attributes for that point of interest.  The “Run Simulations” 

panel allows the user to enter a name for the simulation and any notes that need to be 

attached to the simulation.  The user can then click on the submit button and the “Simulation 

Progress” layer at the bottom left of the screen is activated.  This table is updated with a 

green tick when each of the five steps; submitted, pre-processing, running, post-processing 

and complete is successful.  These five steps are carried out on the backend processing 

server using the user defined simulations stream.  All fire spread points generated are added 

to a PostGIS database on the database server. 

If an error occurs during one of the five steps, a red cross appears in the table and an error 

message window will appear.  This error message can then be submitted using the 

“Feedback” icon at the very bottom left of the screen.  A simple simulation, using a few 

ignition sources and benign weather conditions, can run in less than 10 seconds. More 

complex simulations, with extreme weather conditions, may run for more than two minutes. 

Figure 6.  Default view of Aurora website after login. 
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The new simulation will appear in a folder with the same date as the simulation start date 

under the folder called “My Sims”. This layer can be turned on and will appear in the map 

window as a series of coloured points with each colour representing the hour at which the 

point was ignited. An attribute table can be activated by clicking on any point. 

Improvements  

 

There are several improvements to the Aurora website and Australis simulator that are 

currently being implemented or planned for the near future. 

Currently, the simulator does not incorporate any form of road network.  This means that 

roads do not act as barriers to the spread of the fire.  However, for the user-defined 

simulations, firebreaks can be added that mimic the barrier that a road provides for the fire 

spread. 

Even though there are 30 fire-spread models within the Australis simulator less than a 

quarter of these are currently used.  Expert knowledge has been used to map the various 

vegetation codes for Western Australia, used in NVIS, to the most appropriate fire spread 

and accumulation models.  This same level of expert knowledge needs to be applied to the 

other states of Australia. 

A point spacing of 250 m is used for the user-defined simulations. With the DEM and NVIS 

datasets having cell resolutions substantially better than this, there is the possibility of using 

a point spacing of 100 m.  The trade off is that the Australis simulator will have to calculate 

the fire spread across 6.25 times as many points which may increase the time taken to 

process a simulation.  Likewise the map server has to read 6.25 times the number of points 

from the PostGIS database, which may increase the time taken to display large fire-spread 

simulations. 

The TOLB dataset currently only uses NOAA-AVHRR data.  The burnt area from which the 

TOLB is derived is manually digitised, and only burnt areas larger than 4 km2 are mapped 

(Marsden et al. 2001).  However, burnt areas mapped from higher-resolution satellite data, 

such as Landsat, could be easily incorporated.  Fire agencies may have their own burnt-area 

mapping taken from aerial photography.  Combining these types of datasets would produce 

a more accurate picture of the burnt area and thus produce more accurate fire-spread 

simulations. 

 

Even though the website looks easy to use there are many underlying concepts that need to 

be understood to make the best possible use of the fire-spread simulator.  Short training 

courses are currently being run with operational staff from DFES.  As a result of these 

training courses, a training manual is currently being developed. 

Conclusion 

 
The Aurora website is an extension of the present capabilities of Landgate’s FireWatch 

website to include fire-spread simulation.  Aurora can help fire controllers quickly test various 

ignition points and weather conditions in order to determine the best days for carrying out 



Steber et al: Enhancing the capabilities of Landgate’s FireWatch with fire-spread simulation 

Page | 122          R.P. Thornton & L.J. Wright (Ed) 2013, ‘Proceedings of Bushfire CRC & AFAC 2012 Conference Research 

Forum’ 28 August 2012, Perth Australia, Bushfire CRC 
 
 

prescribed burns or to run a series of scenarios to optimise fire-suppression outcomes for a 

live fire event.  With this web-based system the user does not have to concern 

himself/herself with the management of the underlying datasets needed to run a fire-spread 

simulation.  It can be run without the need for any software other than an up-to-date web 

browser.  There is also no need for expensive hardware or a high-speed network.  This 

means that Aurora can be used to benefit fire management in regional and remote areas 

where internet connectivity is often limited but is being upgraded under the Australian 

Government’s National Broadband Network (NBN) program.  The provision of improved 

emergency services to regional and remote areas, using new communications infrastructure, 

of the kind described in this paper, is a key objective of the Digital Regions Initiative through 

which this work has been funded. 
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