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Executive summary 

In collaboration with the fire planning, behaviour and response community, the Bureau of 

Meteorology (the Bureau) has undertaken a comparative investigation of the accuracy of four 

fire spread simulators regularly used in Australia. Ten case studies nominated by agencies, 

were evaluated. This report describes the results of two major project efforts, which were run 

in parallel.  

1. An internal Bureau project which developed and set up an initial evaluation 

framework for the Phoenix fire spread simulator. 

2. A second project which extended and applied the framework to evaluate additional 

fire spread simulators. This inter-comparison project was sponsored by Australasian 

Fire and Emergency Service Authorities Council (AFAC) and New South Wales Rural 

Fire Service (NSW RFS). 

The second, externally sponsored project, aimed to assess the comparative suitability of the 

simulators (primarily based on their outputs) for the purposes of operational fire spread 

prediction, bushfire risk planning and training. Through consultation with stakeholders the 

project developed an endorsed set of key questions to guide and clarify the direction of the 

simulator inter-comparison project.  

In operational settings, the focus is on when and where a fire will impact, using quantities 

such as forward spread rate and direction of spread (bearing) as well as area burnt. The 

emphasis of this investigation was firmly focused on these quantities. The specific questions 

to be investigated targeted the needs of three key stakeholder groups: decision makers, fire 

behaviour analysts and simulator developers. Consequently, the investigation methodology 

aimed to address the following three operational user focused questions and associated sub 

questions: 

 

• Question 1a.  What simulator is the best overall? 

o All simulators had strengths and weaknesses, none performed very well 

against all or even most case studies. Refer to Section 5 of this report for a 

detailed analysis. 

o It is proposed that the methodology of this study, when applied to additional 

case studies, could allow stratification of results such that particular simulators 

perform better in particular fire types or outcomes sought (such as bearing).  

Refer to Section 5. 

• Question 1b.  What simulator is the best on each case study? 

o Refer to Section 4.2 and subsections for a detailed breakdown of the 

performance of simulators for each case study. Table 27 in Section 4.3.1 

details simulator performance against a range of metrics. 

• Question 2a.  How accurate for each fire input characteristic (temperature, ignition 

location, etc) is the output? 

o Refer to Section 4.3 and Annex D of this report. 

 



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 11 of 92 
 

• Question 2b.  How sensitive to variations of each input characteristic is the output? 

o Refer to Section 4.3 and Annex D of this report. 

• Question 2c.  If the weather and fuel could be perfectly described, which simulator 

performs the best? 

o Refer to Section 4.2.3 of this report. 

• Question 3.  How can the uncertainty in weather inputs be quantified to assist in the 

discrimination between model errors and simulator input errors? 

o Refer to Section 3.6 and Annex D of this report. 

 

In attempting to answer the operationally focused questions the project efffectively developed 

four enabling outputs that together comprise a robust and extensible framework for 

evaluating fire spread simulators:  

 

1. Software that permits the automatic running of fire spread simulators, including the 

additional functionality of perturbing input variables; 

2. Software that allows the analysis of simulator outputs in terms of a set of defined 

metrics; 

3. Software that allows investigators and the user community to explore the simulator 

results and document the analysis in a dashboard format; and 

4. Reports that clearly document a transparent evaluation process to support ongoing 

use of the outputs by the fire agencies and the Bureau, and summarise the body of 

results collected using the evaluation framework. 

 

In summary, the project has successfully established a robust and reproducible framework 

for testing and comparing the performance of multiple fire spread simulators, including 

different versions of simulators. This framework enables additional case studies to be readily 

assessed, which over time, has the potential to contribute to a deeper analysis of all 

simulators for a wider range of fire configurations.  

The project has evaluated, as far as documented case studies provided to the authors and 

resource constraints permit, the three simulators most widely used in Australia: Phoenix, 

Australis and Prometheus, together with the development simulator framework Spark. 

Additionally, in order to be more comprehensive in its evaluation, the project evaluated four 

release versions of Phoenix simulator and three configurations of the Spark framework. 

As a part of the evaluation, the Bureau also agreed to highlight any relevant simulator 

software, numerical engine or system issues discovered during the evaluation that could 

impact on the suitability for robust, large scale automated and manual operations. However, 

it was agreed that a detailed examination of the quality of the code bases, software 

frameworks, scalability, issues related to the technical fitness for purpose of the systems, or 

the underlying science was out of scope. 
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Case studies 

The ten case studies nominated by fire agencies came from notable bushfires in six States 

that occurred during the period of 2013-2016 and represented different fuel types and fire 

weather conditions. The limited availability of good data for fire events reduced the number of 

case studies that could be used for evaluation purposes. No suitable case studies were put 

forward for northern Australia. 

Data set availability and quality issues associated with the chosen cases studies impacted on 

the choice of evaluation methods that could be used. Only fire location and rate of spread 

data were available to the project, so no other fire behaviour characteristics output by 

simulators could be evaluated. The frequency of observations of even these provided data 

(sometimes daily, or a substantial fraction of a day), made quality evaluations difficult in 

some cases. 

In most cases, the underlying fire behaviour equations are reliant on inputs of fuel type, fuel 

load and slope. Regular ongoing maintenance and verification of input base layers which 

include previously burnt areas, fuel and topography are critical for simulator performance and 

impact on the results from this kind of comparative analysis. We note that, in some cases, 

NSW RFS devoted considerable effort to checking and formatting input fuel and fire 

behaviour information prior to the Bureau receiving that data as inputs for the evaluation 

studies.  

Additionally, the configuration of some simulators influenced the degree to which they could 

be comprehensively tested using the full scientific evaluation framework developed by the 

Bureau. In this regard, two simulators, Phoenix and Spark, were able to be fully automated, 

allowing a large number of simulations, which enabled sampling of a more detailed range of 

responses to input conditions, while Australia and Prometheus required manual testing of 

input variation, giving a much less comprehensive assessment of their performance.  

Experiments that allow 'batch-mode' execution provide users with the ability to easily repeat 

or extend a given case study. More importantly it provides an agile test framework for 

transition of simulators into operations. Simulators that permitted scalability and batch-mode 

execution were more conducive to our investigation and research, and more amenable to 

running ensembles of simulator instances. 

The run times of the current simulators and their associated computational restrictions (i.e., 

resolutions, maximum permissible run time lengths, etc.) were wide-ranging and the drivers 

behind this variation of the individual models were not investigated in any detail. These 

issues would most likely restrict the ability of the current simulators to be executed over 

larger domains beyond individual fire events in a reasonable time frame. In their current form 

these models are not well tuned to act as predictive tools suited to answer the 'what if' 

question” for a large district, state or the whole of Australia. Run-times of one to two minutes 

for each simulator instance, such as occurred in the case of the Pinery fire, are acceptable in 

situations of one-off execution. In our perturbation experiments with Phoenix (for example), 

ten parameters were varied 25 times each.  Running these simulations at, say, 100 points 

across a state or across Australia requires 25,000 individual simulations. Such a volume of 

simulations running on the Bureau mid-range computing infrastructure would introduce a 

significant delay to operational activities, but may be suitable for planning purposes. 
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A high level summary of the performance of the four simulators based on the ten case 

studies finds:  

• No single simulator stands out overall as being superior to the others, as none 

performed well for all case studies. All simulators over-predicted some fires and 

under-predicted others. 

• Prometheus produces reasonable simulations in environments for which there is 

appropriate fuel data, noting that it is natively designed to execute using Canadian 

fuel types, relying on translation from such fuels to a local fuel types. 

• Australis produces simulation outputs similar in quality to other models and resides in 

an interface which is simple to use manually, but which is difficult to expand for 

larger-scale operation (i.e., running ensembles). 

• Phoenix performs relatively well in most case studies, with differences evident 

between versions; it is scalable to an ensemble with some effort, but is not easily 

adapted to the range of fuel types found in Australia. 

• Spark, a development framework for fire simulators, performed well compared to the 

other, more mature, simulators. It is easily scalable to an ensemble in a Linux 

computing environment, easily incorporates new fuel models, and operates in a 

computationally transparent fashion.  

To some extent, the lack of consistently good performance is a consequence of most of the 

case studies being extreme events of one sort or another. This, in turn, is at least partly a 

consequence of the lack of readily availability of fire behaviour data for non-severe events. 

This is a long standing issue for all the fire community, simulator developers and any 

assessment process such as the one undertaken in this study. 

Fires are driven by meteorological conditions and are highly sensitive to wind in particular. 

Describing the relationship between fire spread and wind is a major challenge in fire science, 

which in turn affects simulator accuracy. Varying inputs can lead to substantially different fire 

simulator spread estimates, which would affect operational decisions based on those 

simulator outputs. This highlights the value of an ensemble approach to the operational use 

of fire spread simulators, where meteorological, fuel and ignition parameters are varied to 

produce a range of potential simulation outputs. 

In the context of this project the uncertainty in model inputs could also affect the conclusions 

about simulator performance for the case studies. Therefore, an important aspect of this 

project was to understand the sensitivity of the fire spread simulations to meteorological 

uncertainty within the error spread of meteorological variables. In particular, small differences 

in wind direction and timing substantially affected the simulator output and its verification 

against observed fire behaviour. To account for this sensitivity the project evaluated the 

median and range of performance for each simulator when inputs were varied over their 

expected range of uncertainty. The error characteristics of Australian Digital Forecast 

Database (ADFD) grids of the meteorological variables used in fire spread simulators are 

described and applied to the fire simulations.  
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The recommendations from the evaluation project are: 

 

1. Given the current state of simulator performance, single, deterministic runs often 

produce poor predictions. We recommend, from the findings of this study, that 

simulators are executed using an ensemble based approach to account for 

uncertainty in fuel, ignition and weather inputs. 

 

2.  The routine measurement of fire behaviour, including the measurement of simulator 

output parameters that were outside the scope of this project, should be prioritised, 

which would facilitate the further development, testing and routine verification of fire 

spread simulators. This is especially important given the primary finding that all 

simulators require improvement in order to perform adequately across a range of 

scenarios.  

3. The fire community should work toward standardisation of input data formats, as the 

development of common meta-data standards and adoption of common GIS 

coordinate standards for simulator inputs would enable a broader set of cases to be 

used in simulator development and testing and routine verification. 

4. The framework and the metrics developed in this work should be continued and 

extended to include further suitable case studies, perhaps as a national test bed for 

the research, simulator and science community. 

5. A concerted effort should be made to test these simulators using case studies from 

the northern half of Australia where introduced grasses and varying vegetation maps 

are significantly different to the ten case studies used here. 

6. The fire community should extend the framework to include additional relevant 

metrics (e.g. flame height, spotting intensity), subject to data availability, and develop 

a set of open metrics and standards for fire model assessment much like the 

American standard for evaluation of structural fire models. 

7. Given the possibility of significant differences in performance between simulator 

versions, releases should be thoroughly tested and verified using this or a similar 

framework to better understand operational impacts and risks associated with varying 

simulator outputs. 

8. The fire community should work towards developing a nationally sponsored hosting 

framework for holding case study data, which is both managed (with the grant of 

appropriate IP rights) and standardised. This valuable resource would readily support 

greater simulator assessment activities, feature development and testing by a range 

of stakeholders.  The stakeholder group would ideally include universities, scientific 

organisations and the various fire authorities. 
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1 Introduction 

Fire spread simulators (FSSs) predict the surface spread of fire across a landscape. In 

Australia, FSSs have been used in recent years by fire agencies to assist in operational 

decision-making and planning. FSSs require several types of input data, most frequently in 

gridded form, which are fed to an appropriate fire model, depending on fuel type. Weather 

data is an important subset of this input data, and is generally provided by the Bureau of 

Meteorology (the Bureau). The Bureau has responsibility under the Meteorology Act (1955) 

to issue warnings of weather conditions that are likely to give rise to bushfires, and also 

provides routine weather services to fire agencies in Australia. Partnerships with State and 

Territory fire agencies ensure that action statements included in Bureau fire weather 

warnings are endorsed by and attributed to the fire agencies, based on the fire danger rating 

calculated by applying fire danger algorithms (most commonly, the algorithms based on the 

McArthur fire danger meters) to forecast weather conditions. 

FSSs have been introduced as additional guidance into operational use in many jurisdictions, 

highlighting the strong need for a clearly defined process for operational acceptance. New 

versions of models should be accompanied with a clear statement of the degree to which 

they are an improvement over previous versions, and an objective assessment of whether a 

particular model is superior to others in particular circumstances, and that any new model 

and its operating environment are sufficiently robust to support critical decision-making. 

There is now a general recognition that a clearly defined, objective and defensible evaluation 

process is required for the testing of fire predictive models prior to their introduction into 

operations, as is the norm in many other software development domains.   

Two linked projects shaped this fire simulator evaluation. The first was an internal Bureau 

project which had a key objective to set up an evaluation framework for the Phoenix fire 

spread simulator. The second project was established to apply that framework to evaluate a 

range of additional fire spread simulators, sponsored by Australasian Fire and Emergency 

Services Authorities Council (AFAC) and New South Wales Rural Fire Service (NSW RFS). 

AFAC and NSW RFS approached the Bureau to conduct an independent, scientific 

evaluation of the fire spread simulators currently used in Australia to guide future funding for 

development. The outcome of a repeatable analysis framework to evaluate future simulators 

and case studies was a priority. The draft evaluation methodology was presented to the 

national AFAC Predictive Services Group (PSG) for feedback and recommendations. 

Comments from PSG were included in the final version of the evaluation methodology prior 

to sign off from the project sponsors, AFAC and NSW RFS. 

For the Bureau, this project was of strategic importance for the fire weather warning service 

to remain current. With the proposed implementation of the National Fire Danger Rating 

System (NFDRS) to focus on fire behaviour metrics rather than being limited to fire weather 

parameters, delivering these warning services into the future will require significant changes 

to current methodology. Building skills and knowledge in the area of fire spread modelling 

and model evaluation, including the potential benefits and limitations of these tools, was seen 

as a first step in this process. The future inclusion of coupled fire-atmosphere modelling and 

higher resolution forecasting could greatly improve these tools. 

The main FFSs used in Australia generally work by applying empirical equations to estimate 

rate of spread. These empirical equations are typically one dimensional equations derived 

from experimental data for specific fuel types. The computer based FSSs extend these 
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equations to a two-dimensional landscape by including spatial representations of fuel, 

topography and weather parameters. 

Internationally there has been significant development around fire spread simulators. Several 

research centres are investigating coupled fire-atmosphere modelling to better forecast the 

behaviour of extreme fire events. For example, the National Centre for Atmospheric 

Research (NCAR) in Boulder, Colorado is operating an experimental coupled fire-

atmosphere model over the State of Colorado (Coen 2013). The Bureau and NCAR are 

collaborating on fire model evaluation, with both agencies looking to leverage off the other’s 

research. In respect of the Bureau FSS evaluation project (for simplicity, from here on in this 

report the two evaluation projects will be referred to as “the project”), NCAR has advised on 

possible spatial verification approaches, and is examining the use of the project evaluation 

framework developed for this evaluation to verify its coupled model outputs. 
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2 Report structure 

This report describes the systematic approach taken to undertake in the evaluating of four 

FSSs regularly used in Australia and summarises the results of the project. The approach 

used ten fire case studies from around Australia where quality-controlled ground truth 

observations of area burned was available. For each fire spread simulator, a set of 

performance metrics was calculated based on ensemble forecasts for each case study by 

comparing predicted and observed area burned. Estimates of uncertainty in simulator inputs, 

including weather and fuel data, added an important dimension to the methodology.  

The salient points from the project effort are contained within this report. This report forms a 

standalone summary document which encapsulates the expanse of work that has been 

undertaken by the Bureau. Section 3 of this report summarises the methodology, analysis 

process and information and communication technology (ICT) framework implemented to 

complete the work. The key project results for the baseline run for each of the simulators are 

reviewed in Section 4 of this report. Sections 5 to 8 of this report contain the conclusions and 

recommendations from the project, along with some other insights from the project work. 

The more detailed, progressively documented and approved components of the project work 

that support this summary are included as the following appendices:  

• Annex A - Data  

The data document describes for stakeholders the datasets which the project used to 

evaluate four fire simulators (noting that Spark is actually a simulator framework). It 

also highlights the quality dimensions of fire behaviour data provided by fire agencies 

in several jurisdictions. 

• Annex B - Methods  

The methods document describes for stakeholders the agreed methods used to 

analyse the performance of the simulators. The document also outlines some of the 

constraints associated with a more manual approach to simulator execution.  

• Annex C - ICT  

The ICT document describes for stakeholders the ICT structures and considerations 

used to store the datasets, run the simulators and analyse the performance of the 

simulators for each case study. 

• Annex D - Analysis  

The analysis document contains the detailed analysis results produced by the project 

to answer the key questions posed by the stakeholders as a way of evaluating the 

performance of each simulator. 

• Annex E - Weather analysis  

The weather analysis document is a narrative overview of the prevailing weather 

conditions for each case study that the project considered. This analysis is included 

because the weather largely sets the context for the case studies. 
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• Annex F – Comments on simulator developments  

Development of the simulators continued during the project, by the relevant 

development teams. Therefore a selection had to be made regarding the version/s to 

be evaluated for each of the simulators. Any significant changes for the simulators 

that the project team were notified of after this time are noted in Annex F. 

• Annex G – Feedback survey example 

For due diligence in the analysis, feedback from expert users was sought to verify 

baseline results for each case study before proceeding with the analysis. An example 

of the survey used to gather this information is included in Annex G. 

 

These documents (Annex A – G) are referred to through the body of this report. Annex A and 

B were detailed progress reports related to specific project milestones for the fire simulator 

evaluation project. All of the information contained within Annex A and B was correct at the 

time of endorsement and signoff by the stakeholders. The reader is directed to the body of 

this final project report for a summary of the final evaluation process and scope changes that 

were progressively approved during the project. 
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3 Evaluation  

The basis for the evaluation approach can be found in Annex B, the "Methods document". 

However, modifications to this approach have been made over the course of the project. As 

well as summarising the final evaluation approach, this section also highlights modifications 

to the originally documented approach and why these changes were made. 

3.1 Evaluation simulators 

The four simulators that were evaluated as part of this project were Phoenix (Tolhurst et al. 

2008), Australis (Johnston et al. 2008), Prometheus (Tymstra et al. 2010) and Spark (Hilton 

et al. 2015). Brief descriptions are provided below; details can be found in the references just 

given. Where practical, multiple versions of some simulators were included in the evaluation. 

All simulators use essentially the same weather information, with the exception that 

Prometheus explicitly requires precipitation (implicit in the others, through the drought factor). 

 

Phoenix  

Phoenix is a fire spread simulator that was initially developed by the University of Melbourne 

(Tolhurst et al. 2008) as part of Bushfire CRC, with further development by DELWP. The 

Phoenix simulator is a complex multi-model simulator that has the following key 

characteristics: 

• Geometric rate of spread fire front propagation; 

• Models of fuel state, which are composed of fine grained fuel information; 

• Models of suppression effects on the propagation of fire fronts; 

• Models of fire spotting behaviour; and 

• Gridded and time series representations of the weather. 

Different versions of the Phoenix software have been used in each State jurisdiction. As a 

result, the evaluation included all obtainable Phoenix versions 4.06, 4.07, 4.08 and 5.00. A 

suppression model within Phoenix was disabled for the evaluation. 

 

Australis  

Australis is a fire spread simulator that was initially developed by the University of Western 

Australia (Johnston et al. 2008) as part of Bushfire CRC. Key characteristics of the Australis 

simulator include: 

• Cellular automata based fire front propagation; 

• Gridded representations of fuel state; 

• Suppression models; and 

• Gridded and time series representations of the weather.  

During the evaluation, the DFES Landgate web interface allowed for the remote execution of 

the Australis simulator and enabled the manual execution of the simulator, which also 
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restricted inputs to time-series of weather fields (a constraint that was applied to all 

simulators). The version that was in was included in the evaluation project was version 1.5.6. 

Prometheus  

Prometheus, the Canadian Wildland Fire Growth Simulator Model, is a fire simulator that was 

developed by the Canadian Forest Services and is supported by Alberta Agriculture and 

Forestry (Tymstra et al. 2010). Key characteristics of the Prometheus simulator include: 

• Time series weather inputs used to derive Canadian Fire Weather Indices; 

• Gridded representations of fuel type with look up tables; 

• A Fire Behaviour Prediction system based on 16 primary fuel types; and 

• Ability to compare multiple scenarios within one project run 

The fire weather indices and subsequent fire behaviour parameters, used to indicate the 

antecedent conditions of the area prior to fire ignition, are generated through weather 

parameters and applied to each fuel type through empirical equations to represent the fire 

behaviour response. At this stage, there are no equivalent fire behaviour equations for 

eucalypt forests, although as an interim measure mappings have been added to allow the 

simulator to continue to run if these fuel types are encountered (D Taylor 2017, pers. comm. 

6 January). The version that was included in the evaluation project was version 6.1.0.7. 

 

Spark framework and resulting simulators (Basic, Vesta and McArthur) 

The Spark simulator framework (Hilton et al. 2015) developed by CSIRO was used to 

construct a set of fire spread simulator workflows. Key characteristics of the Spark framework 

include: 

• Flexibility to implement a fire simulator using user-defined models; 

• Complex and fast level-set based fire front propagation; 

• Scalability (i.e. capacity to run multiple instances simultaneously); 

• Access to a complete processing framework (workspaces); and 

• Gridded and time series representations of the weather.  

The details of the different workflows are as follows:  

1. Basic workflow makes use of a Vesta (Cheney et al. 2012) fuel model for all non-

grass fuels. For grass fuels the CSIRO natural grassland model (Sullivan 2009) is 

used. 

2. Vesta workflow makes use of the Vesta fuel model and, additionally, includes a heath 

model (Anderson et al. 2015). The CSIRO grassland model is used for all grass fuels, 

and is varied by condition (natural, grazed, eaten out). 

3. McArthur workflow uses the McArthur Forest Fire Danger Meter model with NSW 

RFS fuel curves for all non-grass fuel types. The CSIRO grassland model is used for 

all grass fuels, varied by condition (natural, grazed, eaten out) and an addition shape 

constraint is applied to model flank and backing fire spread. 
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The workflows were developed by NSW RFS and reviewed by the CSIRO staff who 

developed the Spark framework. The version included in the evaluation project was version 

0.8.0. 

 

3.1.1 Simulator access and support 

For the purposes of evaluation, the simulators were provided to the project in the following 

manner: 

• Phoenix versions 4.06, 4.07, 4.08, 5.00 were provided by the NSW RFS with the 

approval of the owning agencies. The Phoenix development team also offered 

invaluable assistance in the early stages of the project. 

• Australis was not directly accessible for the purposes of evaluation, rather access to 

the Landgate (web-based) system was provided by DFES. Landgate staff assisted 

with the evaluation of Australis, updating the system and uploading fire isochrones as 

needed.  

• The Spark framework was obtained from CSIRO, and support was provided by NSW 

RFS to develop workflows. 

• Prometheus was obtained from the Alberta Agriculture and Forestry agency, with 

insights and assistance provided by development team from Natural Resources 

Canada, and David Taylor from Tasmanian Parks and Wildlife Service. 

 

3.2 Evaluation ICT framework 

The ICT framework was a key deliverable for this project. The aim was to develop a set of 

tools that allowed multiple simulators to be run efficiently with varying input parameters in a 

repeatable way to produce a verifiable evaluation result. The ICT solution to run and evaluate 

fire simulators for the project is described in detail in the ICT document included in Annex C. 

The configurations of the fire spread simulators are shown in Table 1. Some of the 

considerations were the native operating systems and code base, along with how these 

could be run in a virtual environment with multiple runs. 
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Table 1. Fire spread simulators, models and implementation 

Simulator  Fire model(s) utilised 
Build 

implementation 

Years of 

development 

(approximate) 

Scalability 

Native 

operating 

system 

support 

Phoenix 

Composed of several 
models: 

• Dry eucalypt forest  

• CSIRO Southern 
Grassland 

Fire propagation using 
Huygens Principle 

Windows (.NET) > 10 years 
CPU and 
multicore 

Windows 

Prometheus 

Based on the Canadian 
Forest Fire Behaviour 
Prediction system with 
model(s) supporting 16 
different fuel types. 
Fire propagation using 
Huygens Principle 

Windows 
(C++/Java) 
 

> 10 years CPU only Windows 

Australis 

Supports several models for 
different vegetation types 
such as: 

• Semiarid (Mallee-heath)  

• Shrubland  

• Spinifex grasslands  

• Eucalypt forest 
Fire propagation using 
cellular automata  

Java  < 10 years 
CPU and 
multicore 

Cross 
platform 

Spark 

Models are user-defined and 
implemented. The evaluation 
project used:  

• McArthur’s dry eucalypt 
forest model 

• The Vesta dry eucalypt 
forest fire model 

Fire propagation using level-
set methods 

Multi-platform 
(OpenCL) 

Solver code > 
10 years, 
Simulator < 3 
years 

CPU and 
multicore 
and GPU 

Cross 
platform 

 

3.3 Evaluation questions 

To define the scope of the evaluation project, a workshop was held with stakeholders in 

February 2016. The scoping workshop highlighted the following areas: 

• Importance of documenting application of FSSs for operations and planning - see use 

case decision diagrams included in Appendix D of the Methods document (Annex B);  

• Selecting potential fire case studies - see finalised set of case studies in Annex A, the 

Data document; and 

• Identifying key questions that the evaluation project aimed to answer – see evaluation 

template, Appendix A of the Methods document (Annex B). 

The emphasis of this project was firmly focussed on these issues and the specific questions 

to be investigated targeted the needs of three key stakeholder groups: high-level decisions 

makers, fire behaviour analysts and simulator developers. The questions that were 

generated from the workshop were refined through subsequent stakeholder consultation and 

understanding of use cases. Consequently, the project methodology aimed to address the 
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operational user focused questions shown in Table 2, Table 3 and Table 4. These tables also 

include a summary of the approach taken during the project to answer each question. 

For high-level decision makers, the questions shown in Table 2 provide a general 

assessment of simulator performance, ranked against the other simulators both overall and 

for each case study. Whilst this assessment is comparatively straightforward to describe and 

interpret it has limitations insofar as it masks potentially important details. 

Table 2. Questions from high level decision makers (i.e. investors) 

Question Approach 

Question 1a. 

What simulator is the best overall? 

A meta-analysis summarising the accuracy and 
sensitivity to perturbed inputs of each simulator across 
all case studies.  

Question 1b. 

What simulator is the best on each case 
study? 

Individual summaries for each simulator for each case 
study, describing and visually depicting accuracy and 
sensitivity. 

For expert users such as fire behaviour analysts who apply these simulators to guide 

operational decision making, the questions outlined in Table 3 are more specific to simulator 

performance under the particular weather and fuel conditions associated with each case 

study. This more detailed approach analyses additional performance metrics of both the 

deterministic 'baseline' result from the official weather forecast and best estimates of fuel, 

ignition location and time, and sensitivity of those performance metrics to perturbations made 

to those input parameters where simulator functionality allowed. The value of weather 

forecaster knowledge applied to simulator inputs was also considered, by modifying the 

weather forecast for one of the case studies to better reflect conditions observed at the fire 

(Cobbler Road). 

Table 3. Questions from fire behaviour analysts (expert users) 

Question Approach 

Question 2a.  

How accurate for each fire characteristic 
(bearing, rate of spread, area) is the output? 

Baseline simulations were run for each case study and 
assessed against the observed characteristics using a 
set of defined metrics (See Section 3.5) 

Question 2b.  

How sensitive to the inputs is each input fire 
characteristic (temperature, ignition location, 
etc) of the outputs? 

A chart was produced showing the performance of 
each simulator with respect to each simulator input 
characteristic once input parameters were perturbed 
within their expected levels of uncertainty. 

• Weather inputs 
Weather parameters (wind speed, wind direction, 
temperature and humidity) were perturbed. 

• Ignition location 
Ignition location was perturbed while keeping all 
weather fixed. 

• Ignition time Ignition time was perturbed within a small window. 

• Variations in fuel Fuel layers were perturbed based on the fuel load. 

Question 2c. 

If the weather and fuel could be perfectly 
described, which simulator performs the 
best? 

Weather error was minimised by consultation with an 
expert forecaster using hindsight and the analysis 
repeated for a single case study (Cobbler Road).  
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For simulator developers, it is important to be able to identify sources of error and 

uncertainty. This is hinted at in Question 2c and elaborated on further in Question 3 in Table 

4. Improved understanding of weather uncertainties may help in identifying where to focus 

future simulator development effort. To answer this question, a detailed analysis of forecast 

and observed weather parameters allowed the uncertainty in weather to be described for 

each case study. These uncertainty bounds were subsequently used to generate the input 

variable perturbations for the sensitivity runs for each simulator. 

Table 4. Questions from simulator developers (modellers, fire scientists) 

Question Approach 

Question 3 

How can the uncertainty in weather inputs be 
quantified to assist in the discrimination 
between model errors and simulator input 
errors? 

The error distribution of the weather forecast variables 
was estimated using the best available gridded 
weather and archived weather observations.  

 

3.4 Evaluation case studies 

By agreement with AFAC and the NSW RFS, the project evaluated simulator performance 

against ten fire event case studies across a range of physical and fire weather environments. 

Fire behaviour data was provided by agencies for verification, as outlined in the formal data 

access agreements in Annex A. The baseline case study datasets used in this project remain 

the property of the agencies from which they were obtained.  

As part of this project, a detailed document was prepared on the data requirements for each 

simulator and the quality of the data available for each case study. The key points are 

summarised here while the full document is available in Annex A. A detailed report of the fire 

weather for each case study is included in Annex E. 

Table 5 lists the case studies selected for the evaluation project. They cover a range of 

jurisdictions, fuel types, fire danger ratings and fire behaviour characteristics. Each case 

study is outlined in the following section, with a brief overview of the event to illustrate why it 

was selected, as well as summaries of the weather and fuel information that was used in the 

evaluation project as detailed in Annex A. 

The key input layers for each simulator were sourced from jurisdictions as shown in the 

tables below. It is important to note that the simulators were run with the minimum baseline 

data required; no attempt was made to tune the forecast by including location specific 

modification patches for fuel, weather or topography as would be done when producing an 

operational fire behaviour forecast. Weather data was obtained from Bureau databases for 

Australian Digital Forecast Database (ADFD) grids, spot forecasts and Automatic Weather 

Station (AWS) time series (reporting continuously hourly or half-hourly). The ADFD grids are 

produced at based on numerical weather predictions edited by expert forecasters. ADFD 

(forecast) grids are available over the entire continent for any desired time period, but 

represent an average of the weather parameters over a 6 km grid cell (3 km over Victoria 

and Tasmania). 
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Table 5. List of agreed case studies for fire simulator evaluation project 

Location (fire 
case study 

name) 

Start 
date of 
event 

Date(s) for 
evaluation 

State 
Dominant 

Fuel 
Fire Danger 

Rating* 
Source of FFDI 

information 

Ballandean 27/10/14 27/10/14 QLD 
Grass/ 

forest 
Very High 

Based on AWS. 

Drought Factor (DF) 

from spot forecast. 

Cobbler Road 08/01/13 08/01/13 NSW Grass Severe 

Based on AWS 60 

km away. DF from 

spot forecast. 

North 

Grampians 
15/01/14 17/01/14 VIC 

Forest/ 

grass 
Extreme 

Based on AWS. DF 

from spot forecast. 

Pinery 25/11/15 25/11/15 SA 
Crop/ 

grass 
Catastrophic 

(Bureau of 

Meteorology 2015a) 

Sampson Flat 02/01/15 02/01/15 SA Forest Extreme 
(Bureau of 

Meteorology 2015b) 

State Mine 16/10/13 
16/10/13 

17/10/13 
NSW 

Forest/ 

heath 
Severe (Ching et al. 2017) 

Wambelong 12/01/13 13/01/13 NSW Forest  Catastrophic (Sharples 2014) 

Waroona 06/01/16 06/01/16 WA Forest  Severe (McCaw et al. 2016) 

Wuthering 

Heights 
13/01/16 

26/01/16 

27/01/16 
TAS 

Forest/ 

moor 

Low-

Moderate 

(Bureau of 

Meteorology 2016) 

Fire affected AWS 

Wye River 19/12/15 25/12/14 VIC 
Forest/ 

coastal 
Very High (Leonard et al. 2016) 

* Fire Danger Index observed maximum was calculated based on data from nearest AWS in some 

cases. Mesoscale affects may have varied the actual fire danger index in the vicinity of the fire front. 

 

Ballandean fire 

The Ballandean fire in Queensland's Southern Downs was ignited by lightning on 27 October 

2014, burning through grass and forest. The fire was unsuppressed for the first two days, 

making it a valuable case study.  

Table 6 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official Australian Digital Forecast 

Database (ADFD) grids for the cell located near the fire ignition. A maximum fire danger 

rating of Very High was calculated based on the Applethorpe AWS (station number 041175), 

located approximately 24 km away from the ignition point, with local drought factor taken 

from spot forecasts issued shortly after ignition. 

Table 7 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by QFES and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator.  

 



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 26 of 92 
 

Table 6. Weather data sources for Ballandean fire 

Source Time issued Duration 
Location Distance from 

fire-ground (km) Latitude Longitude 

ADFD* 
1800 UTC 

26.10.14 
168 hours -28.80598 151.86906 0 

Spot forecast 
01:58 UTC 

28.10.14 
24 hours -28.815 151.885 0 

Applethorpe AWS n/a n/a -28.62 151.95 ~24 

Warwick AWS n/a n/a -28.21 152.10 ~69 

* Used for simulation 

Table 7. Other data sources for Ballandean fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel layer QFES RFS Landgate n/a 

Fuel type QFES RFS Landgate n/a 

Fuel disruption QFES Not used Landgate n/a 

Topography QFES RFS Landgate n/a 

Fire history QFES Not used Landgate n/a 

 

Cobbler Road fire 

The Cobblers Road fire in New South Wales started mid-afternoon on 8 January 2013, 

burning quickly through 14,000 ha of grassland within six hours and resulting in extensive 

livestock losses.  

Table 8 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Severe was calculated based on the 

Young AWS (station number 073138), located approximately 60 km away from the ignition 

point, with local curing taken from spot forecasts issued shortly after ignition.  

Table 8. Weather data sources for Cobbler Road fire 

Source Time issued Duration 
Location Distance from 

fire-ground (km) Latitude Longitude 

ADFD* 
1900 UTC 

07.01.2013 
168 hours -34.8361 148.4197 0 

Spot forecast 
0954 UTC 

08.01.2013 
24 hours   0 

Young AWS n/a n/a -34.25 148.25 ~67 

Canberra 

Airport AWS 
n/a n/a -35.31 149.2 ~90 

Temora 

Airport AWS 
n/a n/a -34.43 147.51 ~95 

* Used for simulation 
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Table 9 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by NSW RFS and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 

Table 9. Other data sources for Cobbler Road fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel RFS RFS Landgate n/a 

Fuel type RFS RFS Landgate n/a 

Fuel disruption RFS RFS Landgate n/a 

Topography RFS RFS Landgate n/a 

Fire history RFS RFS Landgate n/a 

 

North Grampians fire 

The North Grampians fire was started by lightning on 15 January 2014, coinciding with a 

heatwave in the region. The fire burnt 52,000 ha of forest and farmland, with property and 

livestock losses. A pyrocumulonimbus formed on 17 January due to the energy released 

from the fire, resulting in lightning and transportation of embers kilometres ahead of the fire 

front. 

Table 10 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Extreme was calculated based on the 

Stawell AWS (station number 079105), located approximately 25 km away from the ignition 

point, with local drought factor taken from spot forecasts issued shortly after ignition. 

Table 10. Weather data sources for North Grampians fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) Latitude Longitude 

ADFD* 
0500 UTC 

16.01.2014 
168 hours -36.9701 142.4191 0 

Spot forecast 
0117 UTC 

16.01.2014 
24 hours -36.963166 142.39854 0 

Longeronong 

AWS  
n/a n/a -36.67 142.30 ~35 

Horsham 

Aerodrome  

AWS 

n/a n/a -36.67 142.17 ~40 

Stawell 

Aerodrome  

AWS 

n/a n/a  -37.07 142.74 ~31 

* Used for simulation 

 

Table 11 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by CFA and included fuel, fuel type, disruption, 
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topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 

Table 11. Other data sources for North Grampians fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel CFA RFS Landgate n/a 

Fuel type CFA RFS Landgate n/a 

Fuel disruption CFA RFS Landgate n/a 

Topography CFA RFS Landgate n/a 

Fire history CFA RFS Landgate n/a 

 

Pinery fire 

The Pinery fire in South Australia started on 25 November 2015 under very hot, dry 

conditions, with a forecast wind change from a north to northwesterly direction to a west to 

southwesterly direction. The grass fire ignited around midday and spread rapidly through 

82,000 ha by the end of the day, resulting in two deaths as well as extensive structure, 

vehicle, crop and stock losses (Bureau of Meteorology 2015a). 

Table 12 summarises the weather data that was available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Catastrophic was documented in the 

Bureau of Meteorology report written on the fire (Bureau of Meteorology 2015a). 

Table 12. Weather data sources for Pinery fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) Latitude Longitude 

ADFD* 
1700 UTC 

24.11.2015 
168 hours -34.3107 138.4242 0 

Roseworthy  

AWS 
n/a n/a -34.51 138.68 ~33 

Clare High 

School AWS  
n/a n/a -33.82 138.59 ~57 

Edinburgh 

RAAF AWS 
n/a n/a -34.71  138.62 ~49 

* Used for simulation 

 

Table 13 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by SA CFS and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 

Table 13. Other data sources for Pinery fire 

Layer Simulator 



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 29 of 92 
 

Phoenix Spark Australis Prometheus 

Fuel CFS  RFS Landgate n/a 

Fuel type CFS  RFS Landgate n/a 

Fuel disruption CFS  RFS Landgate n/a 

Topography CFS  RFS Landgate n/a 

Fire history CFS  RFS Landgate n/a 

 

Sampson Flat fire 

The Sampson flat fire in South Australia started around midday on 2 January 2015 following 

a period of severe rainfall deficiency in South Australia. Significant spotting activity was 

reported and the fire burnt through about 12,500 ha of grassland and forest before it was 

contained. Table 14 summarises the weather data that were available for the simulation. The 

weather time series for the simulation was extracted from the official ADFD grids for the cell 

located near the fire ignition. A maximum fire danger rating of Extreme was documented in 

the Bureau of Meteorology report written on the fire (Bureau of Meteorology 2015b). 

Table 14. Weather data sources for Sampson Flat fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) Latitude Longitude 

ADFD* 
1800 UTC 

01.01.2015 
168 hours -34.7452 138.7977 0 

Edinburgh 

RAAF AWS 
n/a n/a -34.71 138.62 ~16 

Parafield 

Airport AWS 
n/a n/a -34.80 138.63 ~16 

Mt Crawford 

AWS 
n/a n/a -34.73 138.93 ~12 

* Used for simulation 

Table 15 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by SA CFS and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 
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Table 15. Other data sources for Sampson Flats fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel CFS  RFS Landgate n/a 

Fuel type CFS  RFS Landgate n/a 

Fuel disruption CFS  RFS Landgate n/a 

Topography CFS  RFS Landgate n/a 

Fire history CFS  RFS Landgate n/a 

 

State Mine fire 

The State Mine fire was one of approximately 100 fires burning in New South Wales during 

mid-October 2013. The fire was started by explosives on the 16 of October and the fire front 

travelled up to 25 km during the following day, with a final size of around 55,000 ha. 

Table 16 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Severe was documented by a Bureau 

of Meteorology Research and Development study of the event (Ching et al. 2017). 

Table 16. Weather data sources for State Mine fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) 
Latitude Longitude 

ADFD* 
0600 UTC 

15.10.2013 
168 hours -33.4366 150.1605 0 

ADFD* 
1800 UTC 

16.10.2013 
168 hours -33.4629 150.1912 0 

Mt Boyce 

AWS 
n/a n/a -33.62 150.27 ~23 

Bathurst 

Airport AWS 
n/a n/a -33.41 149.65 ~47 

Nullo 

Mountain 

AWS 

n/a n/a -32.72 150.23 ~79 

* Used for simulation 

 

Table 17 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by NSW RFS and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 

 

Table 17. Other data sources for State Mine fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 
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Fuel RFS RFS Landgate n/a 

Fuel type RFS RFS Landgate n/a 

Fuel disruption RFS RFS Landgate n/a 

Topography RFS RFS Landgate n/a 

Fire history RFS RFS Landgate n/a 

 

Wambelong fire 

The Wambelong fire started on the afternoon of the 12 January 2013, and burnt with minimal 

suppression for the first week. Extreme fire behaviour was reported, with a 

pyrocumulonimbus generated over the fire at one point. The fire burnt 56,280 ha of 

predominately forested area before it was contained. 

Table 18 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Catastrophic was documented in the 

report written on the Wambelong fire by A/Prof Jason Sharples from ADFD/UNSW (Sharples 

2014). 

Table 18. Weather data sources for Wambelong fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) 
Latitude Longitude 

ADFD* 
1800 UTC 

11.01.2013 
168 hours -31.2768 148.9698 0 

Coonabarabran 

Airport AWS 
n/a n/a -31.33 149.27 ~30 

Coonamble 

Airport AWS 
n/a n/a -30.98 148.38 ~65 

* Used for simulation 

Table 19 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by NSW RFS and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 
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Table 19. Other data sources for Wambelong fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel RFS RFS Landgate n/a 

Fuel type RFS RFS Landgate n/a 

Fuel disruption RFS RFS Landgate n/a 

Topography RFS RFS Landgate n/a 

Fire history RFS RFS Landgate n/a 

 

Waroona fire 

The Waroona fire in Western Australia was started by lightning on the evening of 5 January 

2016. The fire burnt in a predominantly westerly direction under prevailing east to northeast 

winds. The fire burnt a total of 69,165 ha of predominately forested area, including the town 

of Yarloop where two lives were lost, and 160 homes were destroy along with other 

infrastructure. 

 

Table 20 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Severe was documented in the report 

written on the Waroona fire by Dr Lachie McCaw and co-authors (McCaw et al. 2016). 

 

 

Table 20. Weather data sources for Waroona fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) 
Latitude Longitude 

ADFD* 
2000 UTC 

05.01.2016 
168 hours -32.8899 116.1842 0 

Waroona 

(DAFWA) AWS 
n/a n/a -32.86 115.89 ~26 

Harvey 

(DAFWA) AWS 
n/a n/a -33.06 115.85 ~35 

Dwellingup  

AWS 
n/a n/a -32.71 116.06 ~23 

* Used for simulation 

Table 21 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by WA Department of Parks and Wildlife and included 

fuel, fuel type, disruption, topography and fire history. These were translated into Spark 

layers. The base layers built into Australis were used directly. These are maintained by the 

Landgate team. No input layers were available to run the Prometheus simulator. 
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Table 21. Other data sources for Waroona fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel DPaW RFS Landgate n/a 

Fuel type DPaW RFS Landgate n/a 

Fuel disruption DPaW RFS Landgate n/a 

Topography DPaW RFS Landgate n/a 

Fire history DPaW RFS Landgate n/a 

 

Wuthering Heights fire 

The Wuthering Heights fire in Tasmania was one of about 200 fires that were started by 

lightning on the evening of the 13 January 2016 after a period of record low rainfall. The fire 

burnt in deep peat soils within areas of buttongrass and wet forest for several days before 

taking a run on the 26th and 27th in northeasterly winds.  

Table 22 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Low to Moderate was estimated in the 

Bureau of Meteorology report written on the January 2016 fires (Bureau of Meteorology 

2016), based on nearby weather conditions with local drought factor taken from spot 

forecasts issued during the event. The nearest AWS (Luncheon Hill) was fire-affected in the 

early stages of the fire and therefore reported limited data. 

Table 22. Weather data sources for Wuthering Heights fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) 
Latitude Longitude 

ADFD* 
0500 UTC 

26.01.2016 
168 hours -41.1367 144.7762 0 

Luncheon Hill 

AWS 
n/a n/a -41.15 145.15 ~23 

Smithton 

Aerodrome  

AWS 

n/a n/a -40.83 145.08 ~36 

Cape Grim 

(BAPS) AWS 
n/a n/a -40.68 144.69 ~51 

* Used for simulation 

Table 23 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by TFS and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. Input layers to 

run the Prometheus simulator were provided by Tasmanian Parks and Wildlife Service. 

Support was also provided to assist with setting up the model, particularly with the estimation 

of fire weather indices. 
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Table 23. Other data sources for Wuthering Heights fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel TFS RFS Landgate 06-2014/Tas PWS 

Fuel type TFS RFS Landgate 06-2014/Tas PWS 

Fuel disruption TFS RFS Landgate 06-2014/Tas PWS 

Topography TFS RFS Landgate 06-2014/Tas PWS 

Fire history TFS RFS Landgate n/a 

 

Wye River fire 

The Wye River fire in Victoria was started by lightning on the 19 December 2015. On the 

25th the fire grew to 2080 ha and destroyed 116 homes in the Wye River and Separation 

Creek areas. The fire continued to burn in heavily forested and steep terrain for several 

weeks before it was contained.  

Table 24 summarises the weather data that were available for the simulation. The weather 

time series for the simulation was extracted from the official ADFD grids for the cell located 

near the fire ignition. A maximum fire danger rating of Very High was documented in a 

CSIRO report on the Wye River fire (Leonard et al. 2016). 

Table 24. Weather data sources for Wye River fire 

Source Time issued Duration 
Location Distance from 

fire ground (km) 
Latitude Longitude 

ADFD* 
1000 UTC 

24.12.2015  
168 hours -38.595 143.900 0 

Airey's Inlet 

AWS 
n/a n/a -38.46 144.09 ~26 

Cape Otway 

AWS 
n/a n/a -38.86 143.51 ~40 

Mt Gellibrand  

AWS 
n/a n/a -38.23 143.79 ~46 

* Used for simulation 

Table 25 outlines the other data sources that were available to set up the simulator runs. The 

input layers for Phoenix were provided by VIC CFA and included fuel, fuel type, disruption, 

topography and fire history. These were translated into Spark layers. The base layers built 

into Australis were used directly. These are maintained by the Landgate team. No input 

layers were available to run the Prometheus simulator. 

Table 25. Other data sources for Wye River fire 

Layer 
Simulator 

Phoenix Spark Australis Prometheus 

Fuel CFA  RFS Landgate n/a 

Fuel type CFA  RFS Landgate n/a 

Fuel disruption CFA  RFS Landgate n/a 
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Topography CFA  RFS Landgate n/a 

Fire history CFA  RFS Landgate n/a 

 

3.4.1 Case study quality 

In some cases, observational data on fire perimeter location was available every two to three 

hours, or even more frequently. This allowed a detailed evaluation of fire simulations, or at 

least provided evidence of when the fire took a major run which was suitable for evaluating 

the simulator suite. In some other cases, resource constraints and operational priorities 

resulted in very limited information being available on the fire perimeter. Almost no 

information was available on fire behaviour parameters beyond the timing of fire position. 

Consequently, simulator output relating to fire intensity and flame length could not be 

evaluated in this project. 

Hourly ADFD (forecast) grids were chosen as the input weather data for the evaluations due 

to their universal availability. In particular, the project used the ADFD data most recently 

available prior to the start of any simulations (as being representative of what would normally 

be available to fire behaviour analysts). Spot forecasts are generally more accurate than 

gridded forecasts because they are manually tuned by experienced meteorologists to 

represent conditions at specific locations or small areas, whereas ADFD grids represent an 

average of the expected weather conditions over the 3 or 6 km square of each grid cell. 

These spot forecasts are not requested for all fires so they were not chosen as the default 

input weather information in this project. Further, AWSs are widely spaced over the continent 

and are generally some tens of kilometres from fire locations. When they are close to fires, 

as in the case of Luncheon Hill in Tasmania, they may be burnt over and become 

unserviceable. In either case, AWS data is frequently limited near fires, again affecting the 

quality of the weather information available for simulations.  
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3.5 Evaluation metrics  

A set of metrics has been chosen in this analysis to clearly answer the proposed evaluation 

questions described in Section 3.3. These metrics are a broadly similar subset of the 

originally proposed metrics in Annex B and measure the overlap between the simulated and 

observed burnt areas, and the errors in bearing, rate of forward spread, and burnt area. Not 

included from the original set are implementations of a shape metric and timing metric, which 

have been removed due to project time constraints. In general, a metric is calculated from 

the comparison of a simulated fire at a particular time and the best estimate of the true fire 

state. Practically this means that the metrics are estimates of simulator performance 

characteristics of the fire characteristics being evaluated and are only as reliable as the data 

that they are computed upon. 

The metrics that were used for the fire spread simulator evaluation are described below. 

1. Threat score  

The threat score measures how well the simulated burnt area overlaps with the observed 

burnt areas. This score is widely used in meteorology as an overall summary metric, and 

can be thought of as the spatial accuracy when non-burnt areas have been excluded. 

The threat score is calculated from the overlapping and non-overlapping portions of an 

observed and simulated fire as shown in Figure 1a. The components of the threat score 

are depicted in Figure 1b: 

• TP, true positives, or 'hits', represent the total area that the simulated fire correctly 

identified as burnt.  

• FP, false positives, or 'false alarms', represent the total area that the simulated 

fire incorrectly identified as burnt when it was observed as unburnt.  

• FN, false negatives, or 'misses', represent the total area where the simulated fire 

did not spread but was observed to have burnt.  

• TN, true negatives, represent the total area that the simulator did not identify as 

burnt and was also observed not to have burnt.  

The threat score is sensitive to hits and penalises both misses and false alarms, and is 

calculated as TP / (TP + FP + FN). A good threat score is closer to one, while a poor 

threat score is closer to zero. A poor threat score can result from a large number of false 

alarms or a large number of misses, or both. 

  



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 37 of 92 
 

 

a) 

 

b)  

 

c) 

 

d) 

 

e) 

 

Figure 1. Schematic diagrams showing how the evaluation metrics are calculated. 

a) Plan view of an idealised fire scar observation (obs) and fire simulation (sim) with 

ignition location (Ign). 

b) Overlapping and non-overlapping components for calculation of the threat score; see 

text for definitions of abbreviations 

c) Bearing of the forward spread of the fire determined using a weighted binned approach 

on the outermost portion of the forward spread 

d) Forward spread used in calculating the forward rate of spread difference  

e) Burnt area 
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2. Bearing error (bearing) 

The bearing error is the simulated direction of the head fire minus the observed direction 

of the head fire.  

The bearing of the head fire is estimated to the nearest five degrees using a circular 

sampling approach centred on the ignition source (either a point or centre of mass of 

ignition polygon). This approach defines a circular ring, or annulus, using the 75th and 

100th percentiles for both the observed and simulated maximum fire spread distance from 

the ignition source and divides both rings in to 72 (5 degree) annular bins. Observed and 

simulated fire fronts will intersect one or more of these bins. Figure 1c shows a simplified 

version of this approach with a single intersection for both the simulated and observed 

fires. The proportion of each bin that overlaps the underlying fire is used to provide a 

weighted circular average, which leads to an estimate of fire direction. A good bearing 

error is closer to zero degrees which represents a predicted fire bearing close to the 

observed bearing, while a poor bearing score can be up to a maximum of 180 degrees. 

3. Forward spread error (spread) 

The forward spread error is the simulated burn distance minus the observed burn 

distance in the simulated and observed forward fire spread directions, respectively. The 

forward rate of spread error can be determined by dividing this quantity by the simulation 

run time. 

The calculation of this metric relies on the bearing calculation. The maximum burn 

distances are calculated for the simulated fire using the estimated bearing for its forward 

spread and the observed fire using the estimated bearing for its forward spread. A good 

spread error is close to zero when the simulated forward spread is a good estimate of the 

actual forward spread.  

4. Burnt area error (area) 

The burnt area error is the simulated burnt area minus the observed burnt area. Small 

burnt area errors represent good simulations of burn area. . 

 

In this project, the threat score is regarded as the summary performance metric. The 

additional, 'diagnostic' metrics assist in understanding why simulators have or have not 

performed well. If a simulation attains good secondary metric scores it can be expected to 

achieve a good threat score. 

3.6 Evaluation simulation protocol 

The evaluation methodology was defined in consultation with fire behaviour analysts to 

approximate realistic operational use of the fire simulators. This included the understanding 

that simulation runs of 6 to 12 hours using the best available weather guidance are 

representative of typical use.  

 

The agreed 'baseline' protocol comprised the following steps: 
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1. The most recent ADFD weather grids issued prior to the estimated time of ignition 

were sampled at (or close to) the estimated ignition source of the fire or at the 

centroid of an initial fire shape. Sampling ADFD forecast grids in this way over the 

planned simulation period enabled forecast weather streams to be created for the 

simulation.  

2. Given the best available set of fire perimeter observations, the fire was simulated 

from the estimated ignition source by applying the most recently available forecast 

weather data, as noted above.  

3. The performance metrics (threat score, bearing error, rate of spread error and area 

error) were calculated for the simulation, comparing the observed and simulated fire 

scar. 

The baseline protocol provides a basic means to address the question of simulator accuracy 

for predictions in an operational context. This project also measured the sensitivity of the 

simulators to uncertainties in the input variables by applying perturbations to their baseline 

values. This led to a large number of simulations being run. The following variables were 

perturbed (see Annex B for details): 

• Temperature, wind speed, wind direction and relative humidity: perturbations to 

baseline inputs for these variables were derived from sampling estimated error 

distributions of ADFD weather forecasts relevant to the time and location of each fire 

case study; 

• Fuel load: perturbations were made using a linear sampling between the range of -

20% to +20%, using an approach provided by the NSW RFS; 

• Cloud, drought factor, curing: perturbations were made using a linear sampling 

between the range of -10% to +10%; 

• Ignition location: perturbations were made by producing 20 random samples of the 

ignition location within a 200-meter radius of the known ignition source; and  

• Ignition time: perturbations were made using 20 linear samples within a one hour 

window of the known ignition time.  

Furthermore, for simulators that could not easily be automated and required manual effort to 

perform simulations the number of input variables perturbed and the number of perturbations 

for a given variable was reduced. This variation is shown in Table 26 (below), for a subset of 

the variables explored during the analysis.  
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Table 26. Summary of number of simulator runs and perturbation method 
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Run time  

For all experiment 

runs. 

45m 3hr 3hr 24hr 3hr 45m 45m 45m 45m 6hr 

Baseline 

• Phoenix 

• Spark 

• Australis 

• Prometheus 

 

1 A 

1 A 

1 M 

- 

 

1 A 

1 A 

1 M 

- 

 

1 A 

1 A 

1 M 

- 

 

1 A 

1 A 

1 M 

- 

 

1 A 

1 A 

1 M 

- 

 

1 A 

1 A 
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- 
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Temperature 
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20 A 
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- 
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- 
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Ignition Point 
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- 
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- 
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- 
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- 
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- 

- 
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- 

- 

A = Automatic run, M = Manual run 
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3.7 Evaluation analysis tools 

Analysing the set of generated simulator outputs relies on visual tools, particularly for 

subjective comparisons. The analysis was a tiered process, where first a visual assessment 

of the output is performed, followed by a quantitative metric driven approach. The methods 

followed for this project are outlined below.  

3.7.1 Subjective visual assessment 

Visual assessment of the resulting outputs from a simulator is the first, and often, most 

powerful method that can be used to gauge performance. This first subjective step in the 

evaluation process is demonstrated in Figure 2, where the different simulator outputs shown 

in yellow vary significantly in fire spread, area and shape.  

 

Figure 2. Example simulator outputs for the State Mine fire, showing the simulated fire scar in 

yellow and the observed (reference) fire scar in orange.  

3.7.2 Relative differences of simulator accuracy 

The visual assessment is quantified using metrics that target the spatial characteristics of the 

simulations. The overlap, bearing, forward spread and area metrics used in the project 

measure the accuracy of simulator outputs that are relevant to their operational use.  

In addition to presenting the estimated accuracy of the simulations, which is subject to 

uncertainties related to input and observation quality, we adopt the method promoted in 

climate science (Gleckler et al. 2008) which examines the relative performance of the 

simulators. The principal reason for this decision was to avoid a direct inter-comparison of 

simulators because it was not clear how a suitable reference simulator performance could be 

defined. Given the common difficulties among simulators in accurately modelling fires, an 

assessment of relative performance was more discriminating than reporting metrics against 

an absolute standard. Also, measurement of fire simulator performance is a complex, multi-

dimensional problem, and no one metric is able to completely describe simulator 

performance. 

There are two additional major benefits to following this approach: 

1. Simulators are compared to the estimated median performance of all available 

simulators. In practical terms this comparison leads to easy to understand results -- a 

simulator is either performing better than the population or it is not; and 
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2. The relative comparison produces a score which is a scaled distance from the 

median of the population of simulators between -1 and 1. Naturally normalising the 

metrics allows different fire output characteristics to be compared.  

An example of the relative comparison approach is shown in Figure 3, where the threat score 

is summarised for each of the available simulators. In this case, the numbers in the colour 

bar represent the descriptive statistics of the threat score distribution (minimum, median, 

maximum) for the State Mine fire. Simulators that do not differ greatly from the median are 

coloured white (judged as "average" performance), while simulators that yield higher (better) 

threat scores are coloured green and simulators with poorer (lower) scores are coloured 

pink. The median is used as the reference because it is a more robust estimator of "typical" 

performance than the mean, which can be significantly skewed by outliers. In some cases 

(e.g. State Mine second run), all or most simulators performed similarly, so the relative 

comparison bar is largely or wholly white. 

 

Figure 3: Example relative comparison for the State Mine initial fire case study, showing the 

performance of each simulator coloured by the distance from the median simulator 

performance.  

 

3.7.3 Relative differences of simulator sensitivity  

Following the protocol outlined in Section 3.6, many different perturbations to the inputs of 

each fire simulator were generated, which in turn led to a distribution of scores for each 

metric. An increase in the width of a distribution implies increased sensitivity to the specific 

input parameter.  

To determine a simulator's sensitivity to each of the input variables, the median and 

interquartile range of the metric was computed. For each simulator, sensitivity labels of 

'more', 'less' or 'average' were assigned, defined as: 

1. Less - the sampled interquartile range is less than the 25th percentile of all 

interquartile ranges (for all simulators, for the specific input). 

2. Average - the sampled interquartile range falls within the 25th and 75th percentiles of 

all interquartile ranges. 

3. More - the sampled interquartile range is greater than the 75th percentile of all 

interquartile ranges. 
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The accuracy and sensitivity are displayed together in a modified Hinton diagram, shown in 

Figure 4. The relative accuracy is computed as described in section 3.7.2, where now the 

median of metric distributions for each simulator is compared to an overall simulator 

population median for each input. In Figure 4 the relative comparison is different for each 

variable that is perturbed, highlighting that simulators can be sensitive to changes of input 

parameters in both terms of accuracy and sensitivity. Small boxes indicate less sensitivity to 

input variables and therefore higher confidence in the accuracy assessment indicated by the 

colour. Large boxes and lighter colours make it more difficult to say something definitive 

about the simulator performance. 

 

Figure 4. Modified Hinton diagram for the State Mine fire case study. 

Showing the sensitivity and accuracy of simulators to variations of input parameters. The size 

of boxes relates to sensitivity of parameters to perturbations in corresponding parameters.  

The colours indicate relatively better (green) or worse (pink) performance in comparison to 

other simulators. 

 

3.7.4 Areal comparisons of performance 

Categorical performance diagrams (Figure 5) show a comparison of absolute threat score 

values, providing an alternative to the relative comparison of threat score shown in Figure 3 

and Figure 4. A categorical performance diagram (Roebber, 2009) maps the probability of 

detection (the proportion of observed burnt area that was successfully captured by the 

simulation) on the vertical axis and the success ratio (the proportion of simulated burnt area 

that was observed to have burnt) on the horizontal axis. The threat score is shown by the 

dashed lines (values given on the diagonal), with the regions of above and below median 

performance shown in green and pale pink, respectively. As well as showing absolute values 
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of threat score, this type of display helps to interpret whether simulation errors are likely to be 

related to over-prediction (too many false alarms) or under-prediction (too many misses). In 

the example shown below all simulators over-predicted the burnt area, as was seen in Figure 

2.  

 

 

Figure 5. Categorical performance diagram for the State Mine fire case study. 

A direct visual comparison of simulator performance. Threat score is measured along the 

diagonal line, with better performance towards the top right corner. 
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4 Analysis results and discussion 

Using the defined case studies, user-oriented questions and evaluation protocol defined in 

Section 3, this section provides details of simulator performance.  

4.1 Case study baseline simulation assessment 

An important factor that was considered prior to performing the analysis was the process of 

baseline simulation verification, where the baseline simulation is defined as the simulation 

that would be possible at the time of the fire event using the available inputs.  

The project performed a visual comparison of Phoenix outputs for each case study. This was 

done by contacting the jurisdictions responsible for each case study to confirm that our 

results looked sensible. An example of the correspondence survey for the Wuthering Heights 

case study is included in Annex G. Similarly, discussions were held with David Taylor (Tas 

Parks and Wildlife) to ensure the Prometheus simulations of Wuthering Heights were 

reasonable, and RFS and CSIRO staff discussed Spark results.  No specific discussions 

were held regarding Australis results, as the project used the operational platform to perform 

experiments, which was assumed to be robust. 

Aside from minor changes (such as including an additional run for the State Mine fire, to 

capture the most active phase of the fire), it was clear that baseline simulations were 

adequate for the next stages of analysis.  

4.2 Case study analysis results 

The following sub-sections summarise the high level results for the case studies. Each case 

study shows the associated fire information, visual summary of baseline fire simulations and 

comparison of summary threat scores, and discussion of performance. To explore sensitivity 

a modified Hinton diagram of threat scores for each input variable is also shown to elucidate 

any patterns that may be present. More detail of simulator performance is provided in Annex 

D, where the range of performance metrics is presented across the range of perturbations.  
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4.2.1 Ballandean fire, QLD, 27-28 October 2014 

Case study information 

• Jurisdiction: Queensland Fire and Emergency Service (QLD) 

• Simulation period: 2014-10-27 12:38:00+10:00 to 2014-10-28 16:40:00+10:00 

• Simulation ignition: Point ignition (-28.80598, 151.86906) 

• Weather summary: ADFD grid (-28.80598, 151.86906) 

• Maximum fire danger rating: Very High 

• Predominant fuel type: Grass and Forest 

• Total observed area burnt: > 1000 ha 

Baseline maps 

Figure 6. Baseline maps for Ballandean fire 

 

Figure 7. Ballandean baseline threat 

 

Figure 8. Ballandean sensitivity experiment 

 

 

Additional maps and result visualizations are available in: Annex D, Section 2. 
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Caveats for this case study 

The 28-hour simulation period was substantially greater than the ~12 hour usefulness limit 

typically ascribed to FSS’s. 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

None of the baseline simulations performed particularly well for the Ballandean case study. 

All simulators predicted the general easterly direction of observed fire spread but the forward 

rate of spread was under-predicted in all cases. Conversely, in most cases, the lateral 

spread of the fire was over-predicted.  

Based on the threat score, Spark McArthur and Australis performed better than the median, 

with the other two Spark versions performing more poorly than median. All Phoenix versions 

were close to median. 

 

Question 2a. How accurate for each input characteristic is the output?  

The two worst-performing Spark versions for this case, Vesta and Basic, exhibited poorer 

than median performance for all characteristics apart from relative humidity, for which they 

were median. On the other hand, Spark Vesta was better than median, and best for relative 

humidity, ignition time and drought factor perturbation. All Phoenix versions were close to 

median in performance for all characteristics, apart from wind direction, for which versions 

4.06-4.07 were above median. Of the characteristics against which Australis was assessed, 

it was above median on all but wind speed, for which it was median. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

There was a considerable variability in sensitivity across simulators and characteristics for 

this case study. In general, Spark versions were at most moderately sensitive to 

perturbations of most characteristics, with the exception of wind direction and fuel, for which 

Spark McArthur displayed the greatest sensitivity amongst the simulator suite. Australis was 

most sensitive to temperature perturbation, but least sensitive to wind direction and relative 

humidity perturbation. Phoenix versions tended to be at least moderately sensitive to most 

parameters with the exception of wind speed (versions 4.06-4.07) and ignition location 

(version 4.08) 
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4.2.2 Cobbler Road fire, NSW, 8 January 2013 

Case study information 

• Jurisdiction: Rural Fire Service (NSW) 

• Simulation period: 2013-01-08T15:54:00+11:00 to 2013-01-08T20:04:00+11:00 

• Simulation ignition: Point ignition (-34.8361, 148.4197) 

• Weather summary: ADFD grid (-34.8361, 148.4197) 

• Maximum fire danger rating: Severe 

• Predominant fuel type: Grass 

• Total observed area burnt: 14 000 ha 

 

Baseline maps 

Figure 9. Baseline maps for Cobbler Road fire 

 

Figure 10. Cobbler Road baseline threat 

 

Figure 11. Cobbler Road sensitivity experiment 

 

  

Additional maps and result visualizations are available in: Annex D, Section 3. 
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Caveats for this case study 

None. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Based on the evidence from the simulations, Australis performed better than median in this 

case study. The Phoenix series of simulators and McArthur implementation of Spark were 

generally median, while the Vesta and Basic implementation of Spark were worse than 

median. It is clear from Figure 9 that bearing error strongly influenced simulator performance. 

The relative performance of simulators changed substantially when re-run using a manually 

estimated wind direction (see the next example).  

 

Question 2a. How accurate for each input characteristic is the output?  

Australis performed well on each of the input characteristics assessed in this case study. On 

the other hand, Spark Basic and Vesta were the worst performing simulators across the 

range of characteristics examined. The Phoenix family of simulators were median, with the 

exception of wind direction, against which Phoenix 4.06 and 4.07 were above median, and 

wind speed and ignition location where Phoenix 4.08 and 5.00 were above median. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

Each simulator ranged in sensitivity across the input characteristics. Australis was more 

sensitive than median to perturbations of wind speed and temperature, but less sensitive 

than median to wind direction and relative humidity. Phoenix versions 4.06 and 4.07 

demonstrated generally median sensitivity, except for lower than median sensitivity of 

Phoenix 4.07 to ignition location, and greater than median sensitivity of both Phoenix 4.06 

and 4.07 to curing and cloud. Later versions of Phoenix, and all versions of Spark, displayed 

a full range of sensitivity across the tested input parameters. 
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4.2.3 Cobbler Road fire (re-run), NSW, 8 January 2013 

Case study information 

• Jurisdiction: Rural Fire Service (NSW) 

• Simulation period: 2013-01-08T15:54:00+11:00 to 2013-01-08T20:04:00+11:00 

• Simulation ignition: Point ignition (-34.8361, 148.4197) 

• Weather summary: ADFD grid (-34.8361, 148.4197) 

• Maximum fire danger rating: Severe 

• Predominant fuel type: Grass 

• Total observed area burnt: 14 000 ha 

 

Baseline maps 

Figure 12. Baseline maps for Cobbler Road re-run 

 

Figure 13. Cobbler Road baseline 

threat re-run 

 

Figure 14. Cobbler Road re-run sensitivity experiment 

 

Additional maps and result visualizations are available in: Annex D, Section 4. 
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For this case study, a manually refined wind direction was used rather than the routine ADFD 

gridded wind direction. The wind direction was chosen as that best reflecting the observed 

fire scar, deliberately to minimise input weather errors. With this simulated wind direction, the 

relative performance ranking changed substantially. The later versions of Phoenix (4.08, 

5.00) and Spark McArthur performed better than median, while the other two 

implementations of Spark and Australis performed worse than median. Phoenix versions 

4.06 and 4.07 were of median performance. 
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4.2.4 North Grampians fire, VIC, 17 January 2014 

Case study information 

• Jurisdiction: CFA (VIC) 

• Simulation period: 2014-01-17T01:00:00+11:00 to 2014-01-17T10:00:00+11:00. 

• Simulation ignition: Polygon (fire isochrone at 2014-01-17T01:00:00+11:00) 

• Weather summary: ADFD grid (-36.9701, 142.4191) 

• Maximum fire danger rating: Extreme 

• Predominant fuel type: Forest 

• Total observed area burnt: 52 000 ha 

Baseline maps 

Figure 15. Baseline maps for North Grampians fire 

 

Figure 16. North Grampians baseline 

threat 

 

Figure 17. North Grampians sensitivity experiment 

 

 

Additional maps and result visualizations are available in: Annex D, Section 5. 
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Caveats for this case study 

None. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Australis and Spark basic, together with all versions of Phoenix, exhibited median 

performance in the baseline evaluation of the North Grampians case study. Spark Vesta and, 

particularly, Spark McArthur, performed more poorly than median. 

 

Question 2a. How accurate for each input characteristic is the output?  

Phoenix versions 4.06-4.07 performed better than median with perturbation of wind speed, 

otherwise all versions of Phoenix demonstrated median performance across all 

characteristics. Similarly, Australis showed median performance with the weather parameters 

on which it was tested. Spark Basic showed poorer than median performance with wind 

direction and ignition location variation, while Spark Vesta showed median performance with 

wind direction but below median performance when tested with other criteria. Spark McArthur 

performed the worst with all characteristics for this case study. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

Earlier versions of Phoenix (4.06-4.07) were more sensitive than median to perturbations of 

temperature, fuel, drought factor and curing, with version 4.07 also more sensitive than 

median to ignition location. Later versions (4.08 and 5.00) generally demonstrated only 

median sensitivity to variation of most parameters, but were more sensitive to ignition time. 

Australis was less sensitive to relative humidity and wind direction variation, and exhibited 

median sensitivity to temperature and wind speed. The different versions of Spark exhibited 

a range of sensitivities in this case study. Spark Basic was more sensitive than median to 

wind speed and direction, and to relative humidity and ignition location, but less sensitive 

than median to other characteristics. Spark McArthur was more sensitive to variation in 

relative humidity but exhibited median or below median sensitivity to other characteristics; 

and Spark Vesta demonstrated median sensitivity to wind direction and cloud amount, but 

below median sensitivity to all other characteristics. 
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4.2.5 Pinery fire, SA, 25 November 2015 

Case study information 

• Jurisdiction: DEWNR (SA) 

• Simulation period: 2015-11-25T12:00:00+10:30 to 2015-11-26T00:00:00+10:30 

• Simulation ignition: Point ignition (-34.306941, 138.422494) 

• Weather summary: ADFD grid (-34.31, 138.42) 

• Maximum fire danger rating: Catastrophic 

• Predominant fuel type: Grass and crop land 

• Total observed area burnt: 82 000 ha 

 

Baseline maps 

Figure 18. Baseline maps for Pinery fire 

 

Figure 19. Pinery baseline threat 

 

Figure 20. Pinery sensitivity experiment 

 

Additional maps and result visualizations are available in: Annex D, Section 6. 
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Caveats for this case study 

Only one observation of fire perimeter was available for the Pinery fire, limiting the 

comparison. Simulations were run from the estimated ignition time to the valid time of the 

isochrone around 12 hours later. Twelve hours is understood to represent a practical limit in 

the validity of FSS predictions. 

All simulators suffered in this case, because the wind change arrived at the fireground later 

than forecast in the early morning, as represented in the ADFD grids input into the 

simulators. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Figure 18 shows that all simulators under-predicted the southerly extent of the fire due to the 

timing of the wind-change. The fire progression post wind-change, however, is generally well 

captured in all cases though the Phoenix simulators and Spark Basic over predict the rate of 

spread of the fire in this direction. Spark Vesta and Spark McArthur predict the rate of spread 

well whilst Australis under-predicts on this measure. Figure 19 provides an objective 

comparison in terms of the threat score and shows similar outcomes for all simulators except 

Australis that fares worse.  

 Question 2a. How accurate for each input characteristic is the output?  

Bearing error was around 30 degrees for all base line simulations with Phoenix versions 4.08 

and 5.00 performing slightly better and Australis slightly worse. The failure to capture the 

southerly extent of the fire will likely have contributed significantly to this error. For forward 

rate of spread the Spark simulators performed best, Spark Vesta in particular (under-

predicting by ~2km). Phoenix 4.06 and 4.07 and particularly Australis performed the worst 

(under-predicting by over 20km). However, for area of impact error the Spark simulators and 

Australis (under-prediction of ~50,000ha) all fared worse than the Phoenix simulators, 

particularly Phoenix 4.08 and 5.  

Question 2b. How sensitive to variations of each input characteristic is the output? 

For threat score Spark McArthur showed greater than median sensitivity to the most input 

parameters: temperature, ignition time, ignition location and drought factor. Australis (for 

which only four parameters are varied) demonstrated greater than median sensitivity to: wind 

speed, temperature and relative humidity. Spark Basic showed less than median sensitivity 

to the most input parameters: wind speed, relative humidity, fuel, drought factor, curing and 

cloud. 
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4.2.6 Sampson Flat fire, SA, 2 January 2015 

Case study information 

• Jurisdiction: DEWNR (SA) 

• Simulation period: 2015-01-02T12:20:00+10:30 to 2015-01-02T18:00:00+10:30 

• Simulation ignition: Point ignition (-34.746934, 138.795503) 

• Weather summary: ADFD grid (-34.74524, 138.79772) 

• Maximum fire danger rating: Extreme 

• Predominant fuel type: Forest 

• Total observed area burnt: 12 500 ha 

 

Baseline maps 

Figure 21. Baseline maps for Sampson Flat fire 

 

Figure 22. Sampson Flat baseline threat 

 

Figure 23. Sampson Flat sensitivity experiment 

 

Additional maps and result visualizations are available in: Annex D, Section 7. 
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Caveats for this case study 

None. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Based on the simulator testing, the Spark Basic and Vesta implementations performed much 

better in this case study than median, while the earlier two versions of Phoenix performed 

more poorly than the median. Australis, together with Phoenix versions 4.08 and 5.00, 

demonstrated median performance. 

 

Question 2a. How accurate for each input characteristic is the output?  

Later versions of Phoenix (4.08 and 5.00) demonstrated greater than median bearing 

accuracy in this case study, while Australis and the McArthur implementation of Spark were 

below median. Earlier versions of Phoenix and Spark Basic were of median accuracy. Spark 

Vesta showed better than median Rate of Spread performance, with Australis and Spark 

basic also somewhat better than median. The other simulators were close to median 

performance. With respect to Area of Impact, the Vesta and Basic Spark implementations 

were better than median, and Phoenix versions 4.06 and 4.07 worse. Later versions of 

Phoenix and Australis were median. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

In general, Spark implementations were more sensitive to input perturbations across the 

range of characteristics than other simulators, while Phoenix versions were less sensitive. 

Exceptions to this include a greater than median sensitivity on the part of Phoenix 4.06 and 

4.07 to ignition location in respect to overall Threat Score and (in the case of Phoenix 4.07) 

forward rate of spread, and of ignition time in respect of bearing. 
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4.2.7 State Mine fire, NSW, 16 October 2013 

Case study information 

• Jurisdiction: Rural Fire Service (NSW) 

• Simulation period: 2013-10-16T12:00:00+11:00 to 2013-10-16T16:23:00+11:00 

• Simulation ignition: Point ignition (-33.4366, 150.1605) 

• Weather summary: ADFD grid (-33.4366, 150.1605) 

• Maximum fire danger rating: Severe 

• Predominant fuel type: Forest and heath 

• Total observed area burnt: > 55 000 ha 

Baseline maps 

Figure 24. Baseline maps for State Mine fire 

 

Figure 25. State Mine baseline threat 

 

Figure 26. State Mine sensitivity experiment 

 

Additional maps and result visualizations are available in: Annex D, Section 8. 
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Caveats for this case study 

None. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Based on the objective evidence presented, in Figure 25, Australis and two versions of Spark 

(Basic and McArthur) performed better than median in this experiment. The Spark Vesta 

configuration performed worse than median, while all Phoenix versions demonstrated close 

to median performance. 

Question 2a. How accurate for each input characteristic is the output?  

Based on an analysis of the threat score, Spark Vesta performs worst on each input 

characteristic in this case study, while the other two Spark implementations perform better 

than median. Australis performs best on three of the four characteristics on which it is 

assessed, and median on wind direction. The Phoenix simulator family demonstrate median 

performance for all characteristics, except relative humidity, for which Phoenix versions 4.08 

and 5.00 are above median. 

Question 2b. How sensitive to variations of each input characteristic is the output? 

Australis is more sensitive than median for temperature, but less sensitive than median for 

the other meteorological characteristics against which it is assessed. The Phoenix simulators 

demonstrate at most median sensitivity to all characteristics, apart from version 4.07, which 

is more sensitive than median to perturbations of ignition location. Spark McArthur 

demonstrate the greatest degree of sensitivity to the largest number of characteristics (six), 

with median sensitivity to the remainder, including wind direction, temperature, curing and 

cloud. Spark Basic exhibits a full range of sensitivity across the set of characteristics, while 

Spark Vesta is least sensitive of the simulators, with median sensitivity to four characteristics 

(wind speed, drought factor, curing and cloud), and lower sensitivity to the remaining input 

characteristics. 
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4.2.8 State Mine fire (additional run), NSW, 17 October 2013 

Case study information 

• Jurisdiction: Rural Fire Service (NSW) 

• Simulation period: 2013-10-17T11:05:00+11:00 to 2013-10-17T17:25:00+11:00 

• Simulation ignition: Polygon (fire isochrone at 2013-10-17T11:05:00+11:00) 

• Weather summary: ADFD grid (-33.4366, 150.1605) 

• Maximum fire danger rating: Severe 

• Predominant fuel type: Forest and heath 

• Total observed area burnt: > 55 000 ha 

Baseline maps 

Figure 27. Baseline maps for State Mine fire re-run 

 

Figure 28. State Mine (re-run) baseline 

threat  

 

Figure 29. State Mine (re-run) sensitivity experiment 

 

Provided upon NSW RFS request, additional maps and result visualizations are available in: Annex D, 

Section 9. 
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4.2.9 Wambelong fire, NSW, 13 January 2013 

Case study information 

• Jurisdiction: Rural Fire Service (NSW) 

• Simulation period: 2013-01-13T09:50:00+11:00 to 2013-01-13T14:35:00+11:00 

• Simulation ignition: Point ignition (-31.2768, 148.9698) 

• Weather summary: ADFD grid (-31.2768, 148.9698) 

• Maximum fire danger rating: Catastrophic 

• Predominant fuel type: Forest 

• Total observed area burnt: 56 280 ha 

 

Baseline maps 

Figure 30. Baseline maps for Wambelong fire 

 

Figure 31. Wambelong baseline threat 

 

Figure 32. Wambelong sensitivity experiment 

 

Additional maps and result visualizations are available in: Annex D, Section 10. 
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Caveats for this case study 

Calculations of scores when starting a fire from known fire scars, as is the case for 

Wambelong, influence contingency table based scores. In this case, it artificially increases 

the amount of overlap between the observed and simulated fires, leading to higher threat 

scores. Using a relative comparison of the simulators allows us to ignore this inconsistency. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Versions 4.06 and 4.07 of Phoenix performed the best of the simulator suite in this case 

study as assessed by threat score. Phoenix 4.08 and 5.00 were also a little better than 

median. Spark Basic and Vesta were the worst performers, with Australis and Spark 

McArthur also below median. 

 

Question 2a. How accurate for each input characteristic is the output?  

The four Phoenix versions all performed to at least median standard across all 

characteristics for this case study, and uniformly better than median for wind direction and 

ignition location. For ignition time, earlier (4.06 and 4.07) versions of Phoenix performed 

best. Australis performed worse than median across the characteristics assessed. All Spark 

versions also performed more poorly than median, with Spark Basic and Vesta worst across 

the range of characteristics. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

In general, Spark simulators demonstrated less sensitivity to perturbations of input 

characteristics than other simulators. Spark Basic exhibited lower than median sensitivity to 

all characteristics apart from wind speed and curing, which were median, while Spark Vesta 

displayed lower than median sensitivity to half of the ten characteristics, and was above 

median for only fuel. Australis displayed at least median sensitivity for all of the four 

characteristic assessed, and was above median for temperature and wind speed. The 

Phoenix family of simulators generally displayed at least median sensitivity, except that 

versions 4.06 and 4.07 were less sensitive than median to wind speed and fuel. 
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4.2.10 Wambelong fire (re-run), NSW, 13 January 2013 

Case study information 

• Jurisdiction: Rural Fire Service (NSW) 

• Simulation period: 2013-01-13T09:50:00+11:00 to 2013-01-13T16:40:00+11:00. 

• Simulation ignition: Polygon (fire isochrone at 2013-01-13T09:50:00+11:00) 

• Weather summary: ADFD grid (-31.2768, 148.9698) 

• Maximum fire danger rating: Catastrophic 

• Predominant fuel type: Forest 

• Total observed area burnt: 56 280 ha 

 

Baseline maps 

Figure 33. Baseline maps for Wambelong fire re-run 

 

Figure 34. Wambelong baseline threat 

re-run 

 

Figure 35. Wambelong re-run sensitivity experiment 

 

Provided upon NSW RFS request, additional maps and result visualizations are available in: Annex D, 

Section 11. 



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 64 of 92 
 

4.2.11 Waroona fire, WA, 6 January 2016 

Case study information 

• Jurisdiction: DPaW (WA) 

• Simulation period: 2016-01-06T06:30:00+08:00 to 2016-01-06T14:50:00+08:00 

• Simulation ignition: Point ignition (-32.89, 116.17) 

• Weather summary: ADFD grid (-32.8899, 116.1842) 

• Maximum fire danger rating: Severe 

• Predominant fuel type: Forest 

• Total observed area burnt: 69 165 ha 

 

Baseline maps 

Figure 36. Baseline maps for Waroona fire 

 

Figure 37. Waroona baseline threat 

 

Figure 38. Waroona sensitivity analysis 

 

Additional maps and result visualizations are available in: Annex D, Section 12. 
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Caveats for this case study 

The Waroona fire was characterised by a number of highly non-linear phenomena including 

downslope winds, intense ember showers and pyrocumulonimbus development. As such, fire 

spread simulators may reasonably be expected not to perform well for this event. 

In order to limit simulator run-time to 12 hours or less, an initial assumption was made that 

the fire would not have spread significantly from the time of ignition on the evening of 05 

January until 0600 WST on 06 January, noting that the first observation of the fire was via 

satellite hotspot imagery at 0630 on the 6th and that Parks and Wildlife staff observed the fire 

to be 8 Ha in size at 0815. Feedback from Dr. Lachie McCaw is that a shorter simulation, 

commencing from the confidently reconstructed fire boundary at 1140 WST, would be 

valuable and remove a potential source of error in the simulations. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

On the basis of the threat score summary in Figure 37, the best simulators for this case study 

are Phoenix versions 4.06 and 4.07. Later Phoenix versions display median performance, as 

does Spark McArthur, while Australis and the remaining Spark versions are poorer than 

median. 

It is important to note, for this case study, that the median performance, as estimated from all 

simulators is relatively poor. 

 

Question 2a. How accurate for each input characteristic is the output?  

Version 4.06 of Phoenix displayed the greatest degree of accuracy relative to median, as did 

Spark McArthur (better than median on five input characteristics), while remaining Phoenix 

versions were median to better than median on all characteristics. Spark Basic performed 

worst on all characteristics in this case study, while Spark Vesta was also worse than median 

across the range of characteristics. Australis performed more poorly than median on most 

characteristics against which it was assessed, but better than median with respect to wind 

speed. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

Australis was more sensitive than median to three of the four characteristics tested. The 

Spark simulators, on the other hand, were generally less sensitive. Spark Basic displayed at 

most median sensitivity, Spark Vesta displayed above median sensitivity only to wind speed, 

and Spark McArthur, only to wind direction and relative humidity. In general, the Phoenix 

simulators were of median to above median sensitivity, with less than median sensitivity 

displayed only by versions 4.08 and 5.00 to wind speed perturbations. 
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4.2.12 Wuthering Heights fire, TAS, 26-27 January 2016 

Case study information 

• Jurisdiction: Tasmania Fire Service (TAS) 

• Simulation period: 2016-01-26T18:26:00+11:00 to 2016-01-27T10:49:00+11:00 

• Simulation ignition: Polygon (fire isochrone at 2016-01-26T18:26:00+11:00) 

• Weather summary: ADFD grid (-41.1367, 144.7762) 

• Maximum fire danger rating: Low to Moderate 

• Predominant fuel type: Wet forest and moorlands 

• Total observed area burnt: 21,970 ha 

Baseline maps 

Figure 39. Baseline maps for Wuthering Heights fire 

 

Figure 40. Wuthering Heights baseline 

threat 

 

Figure 41. Wuthering Heights sensitivity analysis 

 

Additional maps and result visualizations are available in: Annex D, Section 13. 
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Caveats for this case study 

Calculations of scores when starting a fire from known fire scars, as is the case for 

Wuthering Heights, influence contingency table based scores. In this case, it artificially 

increases the amount of overlap between the observed and simulated fires, leading to higher 

threat scores. Using a relative comparison of the simulators allows us to ignore this 

inconsistency. 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Australis, Prometheus and all versions of Phoenix demonstrated median performance, while 

Spark versions (including Spark Vesta, with added moorland model) performed worse than 

median in this case study. Both Australis and Prometheus were tested manually over a 

reduced range of conditions. Limitations with the fuel mapping in Prometheus meant that the 

fire simulation was only valid for the button grass area around the southern part of the fire. In 

this area, the simulator performed well. 

 

Question 2a. How accurate for each input characteristic is the output?  

All versions of Phoenix generally performed better than most versions of Spark across the 

range of characteristics. Phoenix demonstrated good performance with respect to ignition 

point perturbation, and median performance against variation of other parameters. All Spark 

versions were poorer than median for ignition point perturbation, and Spark McArthur was 

poorer than median for all characteristics but Spark Basic was median for seven of the ten 

characteristics tested. Against the weather parameters tested, Australis exhibited median 

performance. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

All versions of Phoenix demonstrated median sensitivity to variations in drought factor and 

curing, and at most median sensitivity to all other parameters. Australis demonstrated greater 

than median sensitivity to temperature and relative humidity while sensitivity to wind speed 

and direction was median. Spark demonstrated a range of sensitivities across versions and 

characteristics with, notably, Spark McArthur more sensitive than median to most 

characteristics apart from wind direction, with median sensitivity, and curing and cloud, with 

lower than median sensitivity. Also, Spark Vesta with the buttongrass model was of median 

sensitivity to all characteristics apart from temperature and drought factor, for which it 

exhibited lower than median sensitivity.  

  



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 68 of 92 
 

4.2.13 Wye River fire, VIC, 25 December 2015 

Case study information 

• Jurisdiction: CFA (VIC) 

• Simulation period: 2015-12-25T11:21:00+11:00 to 2015-12-25T18:00:00+11:00 

• Simulation ignition: Polygon (fire isochrone at 2015-12-25T11:21:00+11:00) 

• Weather summary: ADFD grid (-38.595, 143.900) 

• Maximum fire danger rating: Very High 

• Predominant fuel type: Forest and coastal 

• Total observed area burnt: >50,000 ha 

 

Baseline maps 

Figure 42. Baseline maps for Wye River fire 

 

Figure 43. Wye River baseline threat 

 

Figure 44. Wye River sensitivity experiment 

 

Additional maps and result visualizations are available in: Annex D, Section 14. 
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Caveats for this case study 

Calculations of scores when starting a fire from known fire scars, as is the case for Wye 

River, influence contingency table based scores. In this case, it artificially increases the 

amount of overlap between the observed and simulated fires, leading to higher threat scores. 

Using a relative comparison of the simulators allows us to ignore this inconsistency. Australis 

isochrones were estimated poorly (note over estimation into ocean region). 

 

Answers to evaluation questions 

Question 1b. Which simulator is the best on this case study? 

Based on the threat score summary presented in Figure 43, the three Spark simulators all 

performed better than median for this case study. Phoenix simulators were median, while 

Australis performed more poorly than median. 

 

Question 2a. How accurate for each input characteristic is the output?  

Spark versions Vesta and Basic perform particularly well, with all input characteristics either 

best or at least above median. Spark McArthur also performs well, with better than median 

performance on all input characteristics. Australis, in this case study, performs more poorly 

than median on all characteristics measured. Phoenix simulators are median for most 

characteristics, but below median for wind direction and relative humidity. 

 

Question 2b. How sensitive to variations of each input characteristic is the output? 

Australis demonstrates mostly median sensitivity, except for wind direction which is lower 

than median. The other simulators display a range of sensitivity to different characteristics. 

Most Phoenix versions display median sensitivity, although versions 4.08 and 5.00 are less 

sensitive to wind speed and relative humidity but more sensitive to temperature and curing, 

while the earlier versions are more sensitive to cloud, and version 4.06 to ignition location. 

Spark Basic, and to a lesser extent Vesta and McArthur, display lower than median 

sensitivity to the greatest number of input parameters. 
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4.3 Case study analysis discussion 

4.3.1 Meta-analysis 

To provide a measure of overall simulator performance a meta-analysis was conducted as 

follows:  

1. The Hinton diagrams from each case study were the basis for this analysis. For each 

of the ten perturbed simulator variables (four for Australis and Prometheus) 

simulators were awarded a score of +1 for an above median metric value (green), 0 

for near median value (white) and -1 for a below median value (pink), then averaged 

to produce a normalised score. 

2. This scoring approach was repeated for all case studies. 

3. Tallying the scores for each simulator across all case studies provided a simple, 

qualitative measure of relative simulator accuracy. 

Steps 1 to 3 were then repeated for the other metrics: bearing error, forward spread error 

and burnt area error. An example of this calculation for the Ballendean fire is shown in Figure 

45 for Australis, the simulator in the first column. 

 

Figure 45. Ballandean Hinton diagram for threat score showing the meta-analysis approach for 

assessing overall simulator accuracy. 

  
 

The results from this analysis are presented in Table 27. Negative (positive) scores represent 

a tendency towards poorer (better) performance across the ten case studies. The worst 

meta-analysis scores for each metric are highlighted in red and the best scores are 

highlighted in green. 
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Table 27. Results of a simple meta-analysis of fire spread simulator metrics 
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A
u

s
tr

a
li
s
 

P
h

o
e
n

ix
 4

.0
6
 

P
h

o
e
n

ix
 4

.0
7
 

P
h

o
e
n

ix
 4

.0
8
 

P
h

o
e
n

ix
 5

.0
0
 

P
ro

m
e
th

e
u

s
* 

S
p

a
rk

 B
a
s
ic

 

S
p

a
rk

 B
u

tt
o

n
* 

S
p

a
rk

 M
c
A

rt
h

u
r 

S
p

a
rk

 V
e
s
ta

 

Threat Score 0.3 0 -0.1 0.3 0.4 0 -1.4 -0.9 1.7 -4.6 

Bearing Error -2.3 -2.3 -2.4 -1.6 -1.5 -0.3 3.8 1 2.2 4.8 

Forward 
Spread Error 

1.5 -3 -2.9 -0.2 -0.2 0.8 1.2 1 3.6 2.3 

Area error -1.3 0.6 0.7 3.2 3.2 1 0.5 1 -2.8 -1.5 

*Only run for the Wuthering Heights case study 

 

The results from the meta-analysis are summarised thus for the ten case studies: 

• Threat score: There is no standout best simulator in terms of accuracy though Spark 

Vesta consistently under-performed. 

• Bearing error: Spark Vesta performed consistently better than median. 

• Forward spread error: Spark McArthur tended to perform better than median whilst 

Phoenix versions 4.06 and 4.07 tended to under-perform. However the best and 

worst results were less marked than for the threat score and bearing error. 

• Burnt area error: Phoenix 4.08 and 5.00 tended to perform better than median 

whereas Spark McArthur tended to under-perform. Again, the best and worst results 

were less marked than for threat score and bearing error. There was no clear pattern 

among simulators in terms of consistent under/over-prediction. 

It is worth noting that the threat score and area error metrics are unequivocal (assuming the 

observation data is of sufficiently high quality to make this assessment). By contrast it may 

not always be appropriate to take bearing error and, by extension, forward spread error at 

face value. This is because there is an assumption in calculating these metrics that there will 

always be a localised and identifiable head-fire. For high aspect ratio (long, thin) fires this 

may well be the case. However, with low aspect ratio (more rounded) fires or those of a 

complex morphology a distinct head fire from which bearing and forward spread can be 

derived can be hard to identify or even not meaningful. Baseline runs from the State Mine fire 

shown in Figure 46 provides an example of this difficulty. 
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Figure 46. Spark Vesta (left panel) and Phoenix 4.06 (right panel) baseline simulations of the 

State Mine fire from the ignition location. 

 
In this example, determining the bearing of the Spark Vesta simulation was straightforward 

and resulted in a 0° error with respect to the bearing of the observed fire. The more complex 

forked shape of the Phoenix simulation led to the bearing being determined from the upper 

fork and resulted in an objectively determined bearing error of 25°. A subjective assessment 

could easily result in a smaller error. The objectively determined bearing also has 

ramifications for the calculation of forward spread error. Having ready access to simulator 

output figures, like Figure 46, is therefore important to complement potential limitations for 

objective performance measures such as bearing error and forward spread error. It should 

be noted that the extent of the fire used to determine bearing is configurable - it could be the 

furthest tip of the fire or the whole body of the fire. Although not explored in this analysis, 

taking advantage of this configuration ability could be worthwhile.  

A number of additional observations are noteworthy: 

• Spark Vesta and Basic produced the simulations with the highest aspect ratio 

whereas Phoenix and Australis simulations tended to be more rounded/complex in 

shape. 

• Phoenix simulators produced very similar simulations. Versions 4.06 and 4.07 were 

near identical as were versions 4.08 and 5.00. 

• An attempt at stratifying results by fire danger rating, point/polygon fire initialisation 

and fuel-type were abandoned due to the small sub-sample size. 

The preceding meta-analysis is a simple approach. Variations could include considering only 

metric values for which there is higher confidence. This could include only considering 

simulators which achieve the best (worst) metric values, that is, darker green (pink) colours 

rather than all shades. This would, however, lead to a smaller sample size from an already 

small number of results. Alternatively, incorporating metric sensitivity from the Hinton 

diagrams would provide a means of ascribing confidence to these best or worst metric 

values. The significance of sensitivity in this project is discussed next.  

4.3.2 Sensitivity analysis  

Estimating uncertainty for simulator inputs was a large part of this project. Applying 

uncertainty to the simulator inputs is manifested as output sensitivity in the resulting 

simulations. This sensitivity is captured by the metrics. This sensitivity to a variety of input 

variables has been summarised in a variety of ways: maps of simulated and observed fires, 

Hinton diagrams and categorical performance diagrams. It is worth explicitly discussing the 

interpretation of metric sensitivity.  
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Threat Score 

For the threat score, sensitivity relates to the overlapping and non-overlapping components 

between simulated and observed fire shapes. As shown below, high threat score sensitivity 

can be associated with a high threat score that indicates a good match between simulated 

and observed fire shapes. The threat score is potentially sensitive to uncertainty in all of the 

input variables. For example, changing wind direction leads to a corresponding change in 

simulated fire direction that can significantly affect the overlap between the simulated and 

observed fire and thus significantly alter the threat score. An example is illustrated in Figure 

47a which shows a  good match between the baseline Spark Vesta simulation for the 

Sampson Flat fire (yellow), the observed fire (orange) and an indication of the effect that 

varying wind direction has on simulation (dashed line). It is easy to infer from this figure how 

the simulated and observed fire overlap would be affected by changing the wind direction 

input to Spark Vesta, resulting in a high sensitivity to wind direction. 

a) b)

Figure 47. The effect of varying wind direction on Spark Vesta simulator output for the Samson 

Flat fire. 

The dashed line shows the 5th percentile extent of the simulated fire spread for the wind 

direction sensitivity runs. 

By contrast, a poor match between simulated and observed fire shapes, as a result of 

significant over-prediction, results in a low threat score. In this case, changing wind direction 

and therefore fire direction may not affect the overlap extent or the threat score may remain 

dominated by the non-overlapping components, resulting in a low sensitivity to wind 

direction. An example is shown in Figure 47b for the Phoenix 5.00 simulator, also for the 

Sampson Flat fire.  

Threat score sensitivity has also been an important consideration in answering Question 1 of 

the evaluation project: Which simulator is best? The Hinton diagram for threat score for the 

State Mine case study from Figure 26 is reproduced here (Figure 48) to illustrate this point. In 

Hinton diagrams small dark green (pink) squares suggest that a simulator has performed well 

(poorly) for a particular metric with a comparatively high degree of confidence. Conversely, 

large dark green (pink) squares suggest a lower degree of confidence in the result. The large 

squares of lighter shades of green/pink or white reduce further the ability to make meaningful 

statements about performance. 

Figure 48 shows that when considering uncertainty in wind speed (first row) Australis was the 

most accurate simulator for this case study. As this accuracy exhibited low sensitivity to the 

estimated uncertainty, there is some confidence in the accuracy result. The figure also shows 

that the Spark Basic simulator was also quite accurate though this accuracy exhibited a 

greater sensitivity to wind speed uncertainty, giving less confidence in the result.  
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Figure 48. Threat score sensitivity experiment for the State Mine fire case study 

 

From an operational perspective this could be viewed as a good result for Australis for this 

case study – consistently accurate performance given wind speed uncertainty. From the 

point of view of identifying the "best" simulator, however, this raises the possibility that Spark 

Basic could be more accurate given wind speed uncertainty. The associated performance 

diagrams for this case study shown in Figure 49 (reproduced from Annex D) help explain this 

idea. 

 

Figure 49. Baseline run performance diagram and the wind speed sensitivity experiment 

performance diagram for the State Mine case study. 

 

The green squares show Australis simulation runs, while red triangles show Spark Basic 

runs. The dashed isolines represent threat score. The left panel shows that the baseline run 

for Australis produced a threat score of around 0.5 and for Spark Basic a value of around 

0.4. In the right panel multiple runs are generated by applying the estimated wind speed 

uncertainty to the baseline run. Australis scores consistently highly with threat score values 



Released: 08/06/17  
 

Version: 1.81 Final Report: fire spread simulator evaluation  Page 75 of 92 
 

between 0.45 and 0.5. Although threat scores are generally lower for Spark Basic than for 

Australis some are actually higher, close to 0.6. If it is accepted that the "true"’ wind speed is 

likely to fall within the uncertainty bounds and could lead to these high threat score values 

this implies that Spark Basic cannot be discounted as being the more accurate simulator 

given a perfectly accurate wind speed forecast for this case study. Incorporating uncertainty 

into simulator inputs thus makes the task of identifying the "best" simulator harder. This is, 

nevertheless, an important consideration in this evaluation. 

Bearing error 

Bearing can reasonably be expected to be sensitive to wind direction. The previously 

discussed effect of fire aspect ratio on the determination of bearing direction may have some 

influence on bearing error sensitivity. For example, the State Mine case study shows that 

high aspect ratio (long, thin) simulations from Spark Basic and Vesta exhibit higher bearing 

error sensitivity to wind direction than low aspect ratio (more rounded) simulations such as 

Spark McArthur and Australis (see Annex D, Figures 52 and 54). Other factors likely to 

influence bearing error sensitivity include inhomogeneous fuel distribution, topography and 

disruptions and, by extension, ignition location.  

Forward spread error 

Sensitivity in forward spread error can be expected to relate, at least partly, to the underlying 

one dimensional fire models behind the simulators. These models depend on variables such 

as wind speed, temperature and relative humidity so sensitivity to these variables should 

provide insight into model sensitivity. A simple tallying exercise similar to the meta-analysis in 

the previous section found that across all case studies Phoenix versions 4.06 and 4.07 

tended to be more sensitive to temperature whereas Spark Vesta and Basic exhibited low 

sensitivity to temperature. For wind speed Phoenix versions 4.08 and 5.00 exhibited 

somewhat low sensitivity, while for relative humidity Australis showed lower sensitivity. The 

situation, however, is complicated because the forward spread calculation is reliant on an 

accurate calculation of bearing. Furthermore, for the ten case studies in this project, forward 

spread was sensitive to all variables that were investigated. For a homogeneous 

environment in terms of fuel and topography, forward spread should be independent of wind 

direction and ignition location. 

Burnt area error 

As with forward spread error, the burnt area error was sensitive to variations in all variables 

that were investigated. There is some evidence for high aspect ratio fire simulators, Spark 

Basic and Vesta, to exhibit similar sensitivities for forward spread error and burnt area error. 

This is demonstrated in the Sampson Flat and State Mine case studies (see Annex D, 

Figures 46 and 54).  

 

Sensitivity experiments highlight the importance of incorporating input uncertainty into the 

prediction process, as demonstrated by the variation of simulator outputs that occurs when 

key input variables are adjusted (for example, wind direction or speed). The above 

discussion is based on a high-level analysis and there is scope to explore the findings 

further. Other possibilities for further investigation include: 

• Comparing a simulator's sensitivity simulations against its baseline simulation rather 

than an observed fire as a possible means to probe intrinsic sensitivity to variables. 
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• Using input uncertainty to generate ensemble-based frequency of impact fields, a 

proxy for probability of impact (e.g., Louis and Matthews, 2015; Miller et al., 2015). 

These probabilities could be used as thresholds to form a deterministic or "most 

likely" prediction of impact or to better inform risk-based decisions. Key to this idea is 

the new-found ability to maximise the accuracy of the simulator output with respect to 

a well-defined validation set of case-studies and a better understanding of the 

uncertainty of inputs.  

5 Conclusions regarding simulator performance 

The small number of case studies available for this study constrained the ability to draw solid 

conclusions about the "best" simulator from the evaluation. The project examined ten case 

studies over four southern Australian fire seasons, but many more fires occur across the 

Australian landscape. Given this constraint, a simple meta-analysis was conducted by 

tallying the number of times each simulator's performance was better than, worse than, and 

close to median. 

• The ‘Threat Score’ was used as a summary accuracy measure of burnt area 

predictions compared to burnt area observations. Based on the simple meta-analysis 

of Threat Score described above, there is no stand out “best” simulator across the ten 

case studies. Overall performance was very similar for all simulators except for the 

Spark Vesta simulator which tended to perform poorly. 

• Errors in bearing, rate of spread and burnt area were used as secondary diagnostic 

metrics. Bearing error and forward spread error could be established with greater 

confidence for fires with a high aspect ratio. Spark Vesta and Spark Basic tended to 

predict burnt areas with a high aspect ratio more frequently. Australis, by contrast, 

produced burnt areas with a lower aspect ratio, that is, a more rounded appearance.  

• Based on the limited fire data available, the analysis of bearing error suggested Spark 

Vesta tended to perform better at predicting bearing for the ten case studies.  

• Based on the limited fire data available, the analysis of forward spread error 

suggested Spark McArthur tended to perform better at predicting forward spread for 

the ten case studies. Phoenix versions 4.06 and 4.07 performed less well. 

• Based on the limited fire data available, the analysis of burnt area error suggested 

Phoenix versions 4.08 and 5.00 tended to perform better and Spark McArthur less 

well. All simulators over-predicted some fires and under-predicted others. 

• The Phoenix family of simulators produced very similar simulations of burnt area. In 

particular and with respect to all metrics, versions 4.06 and 4.07 were near identical 

as were versions 4.08 and 5.00. 

• The application of realistic uncertainty estimates to simulator inputs such as wind 

speed and direction led to associated variation with evaluation results as varying 

these inputs altered the burnt area simulations and therefore the evaluation metrics. 

This is a further but necessary consideration in identifying the "best" simulator.  

• The sample size is too small to support a meaningful stratification of results, for 

example by fire danger rating or fuel type.  
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The volume of evaluation results produced in this study is considerable and further benefit is 

likely to be gained by investigating them in greater detail. However, there is clear evidence 

from this study that simulators are sensitively dependent on inputs, and variation of inputs 

leads to a variation of outputs, sometimes with very large variations. For example, a small 

change in wind direction in the simulated fire spread for the Cobbler Road fire resulted in a 

change from very poor to quite good verification. Also, in some instances, small changes in 

ignition location resulted in substantial changes to the final simulated fire area. 

The operational use of simulators would benefit from incorporating uncertainty into the 

prediction of fire progression by sensibly varying inputs to simulators as the project has 

demonstrated. Given a range of outputs, and suitable validation data, a calibrated ensemble-

based probabilistic output could be generated and may be superior to a deterministic run. 

6 Limitations of this evaluation project 

Available resources and data limited the extent to which this project could comprehensively 

evaluate the suite of fire spread simulators used in Australia. Further, limitations in the design 

and in the underlying fire spread models of the simulators themselves limited their scope or, 

in some cases, their capacity to be incorporated into the project framework. The limitations 

that affected the project output are: 

• None of the simulators incoporate atmospheric coupling / feedback as a driving

influence and only one simulator accounted for propagation through spotting and

none of the simulators attempt incorporate the complex dynamics associated with the

propagation of wildfires due to the release of combustible gases and aerosols

(Urbanski et al., 2009).

• The limited data availability for fire events reduced the number of case studies that

could be used for evaluation purposes.

• Dataset availability and quality issues associated with the chosen cases studies

impacted on the development of the analysis methods and project approach that

could be used.

• No suitable case studies were put forward by the fire agencies for the northern half of

Australia, including the tropics.

• While the aim was to test a wide range of weather conditions and fuel types, this

complicated the analysis process by increasing the number of parameters to be

considered.

• The configuration of individual simulators influences the degree to which they can be

comprehensively tested. Two simulators, Phoenix and Spark, were able to be fully

automated, allowing a larger number of simulations to sample a more detailed range

of responses to input conditions. Two simulators, Australis and Prometheus, required

manual testing of input variation, resulting in a less comprehensive assessment of

their performance.
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7 Insights from the evaluation project 

Here we provide comments on the processes or data that provoked discussion within the 

project team. These are things for which solutions internal to the project were developed, or 

which will require ongoing attention. They are not recommendations or findings as such, but 

are worth documenting to assist in any future fire spread simulator evaluation activities. 

• Performing experiments with simulators that allow “batch-mode” execution provides 

users with the ability to easily repeat or extend a given case study. More importantly, 

it provides an agile test framework for transition of simulators into operations. 

Simulators that permit scalability and batch-mode execution were more conducive to 

our investigation and research. There is still some room for improvement, however, 

where the project observed that some experiments executed for abnormally long 

periods of time due to resource contention.  

• The run times of the current model frameworks and the associated computational 

restrictions with these models (i.e., resolutions, maximum permissible run time 

lengths, etc.) were wide-ranging and the drivers behind this variation were not 

investigated in any detail. These issues would most likely restrict the ability of the 

current simulators to be executed over larger domains in a reasonable time frame. As 

it stands these models are not well tuned to act as “predictive tools” that are suited to 

answer the “what if question” for a large district, state or the whole of Australia. 

• A focus on production of the best possible deterministic simulation can be challenging 

given the inherent uncertainty associated with the model inputs. A more valuable 

approach would be to present the users with a range of possible outputs, based on 

best available information over time.  

• Estimates of fire rate of spread are challenging, because when undertaking such 

calculations, the furthest extent that a given fire has spread from ignition source is 

typically used as the measure. This issue is particularly pertinent in some case 

studies (i.e., grass fires) where the spread is not uniform or when significant wind 

changes within the analysis period change the direction of fire spread. The fire front 

geometry affects calculations of rates of spread for the fire front.  

• While we did not specifically test performance of simulators in dealing with complex 

fire shapes, we recognise that those simulators constructed using level-set methods 

(e.g. the Spark family of simulators) are natively more capable of modelling such 

shapes. 

• Regular ongoing maintenance and verification of input base layers which include 

previously burnt areas, fuel and topography are critical for simulator performance and 

will impact on the results from this kind of comparative analysis. In most cases, the 

underlying fire behaviour equations are reliant on fuel type, fuel load and slope from 

base layers. 

• Specification of antecedent conditions within the simulators needs to keep up to date 

with any changes in fire indices. 

• While the development of the simulator evaluation framework and testing of ten case 

studies took more than a year, the framework development permits the efficient 

analysis of many additional cases (once in a standard input format).  Arguably, most 
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significant fires occurring across Australia henceforth should be examined within this 

framework. 

8 Recommendations from this evaluation project 

The points below offer a number of recommendations for the development and 

implementation of fire spread simulators and for future simulator evaluation studies. The 

recommendations relate to the simulators themselves, to fire behaviour observations and to 

the framework for evaluation of fire spread simulators. 

 

1. Given the current state of simulator performance, single, deterministic runs often 

produce poor predictions. We recommend, from the findings of this study, that 

simulators are executed using an ensemble based approach to account for 

uncertainty in fuel, ignition and weather inputs. 

2. Weather forecast information is now available on increasingly high resolution spatial 

grids.  Some simulators are currently able to take advantage of gridded weather input 

data, and any future simulator developments should maintain, or include such a 

capability. 

3. The routine measurement of fire behaviour, including the measurement of simulator 

output parameters that were outside the scope of this project, should be prioritised, 

which would facilitate the further development, testing and routine verification of fire 

spread simulators. This is especially important given the primary finding that all 

simulators require improvement in order to perform adequately across a range of 

scenarios.  

4. The fire community should work toward standardisation of input data formats, as the 

development of common meta-data standards and adoption of common GIS 

coordinate standards for simulator inputs would enable a broader set of cases to be 

used in simulator development and testing and routine verification. 

5. The framework and the metrics developed in this work should be continued and 

extended to include further suitable case studies, perhaps as a national test bed for 

the research, simulator and science community. 

6. A concerted effort should be made to test these simulators using case studies from 

the northern half of Australia where introduced grasses and varying vegetation maps 

are significantly different to the ten case studies used here. 

7. The fire community should extend the framework to include additional relevant 

metrics (e.g. flame height, spotting intensity), subject to data availability, and develop 

a set of open metrics and standards for fire model assessment much like the 

American standard for evaluation of structural fire models. 

8. Given the possibility of significant differences in performances between model 

versions, releases should be thoroughly tested and verified using this or a similar 

framework to better understand operational impacts and risks associated with varying 

model outputs. 
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9. The fire community should work towards developing a nationally sponsored hosting 

framework for holding case study data, which is both managed (with the grant of 

appropriate IP rights) and standardised.  This valuable resource would readily support 

greater simulator assessment activities, feature development and testing by a range 

of stakeholders.  The stakeholder group would ideally include universities, scientific 

organisations (Geosciences Australia, CSIRO, the Bureau etc.} and the various fire 

authorities. 
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9 Stakeholder endorsement and sign-off 
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Executive summary 

This document describes for stakeholders the datasets which the Fire Predictive Services 

Project is using to evaluate four fire simulators/frameworks currently used operationally in 

Australia. It also aims to highlight the quality dimensions of fire behaviour data provided by 

fire agencies in several jurisdictions. Finally it outlines for stakeholder sign-off, the 

dimensions and the quality of the evaluations which can be achieved given the combination 

of case study data and simulators functionality that is currently available. 

Please note that this is a detailed progress report related to a project milestone for the fire 

simulator evaluation projects. All of the information contained within this report was correct at 

the time of endorsement and signoff by the stakeholders. The reader is directed to the body 

of final project report as there may be some further changes and adjustments over time. 
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1 Introduction 

Fire spread simulators (FSSs) predict the surface spread of fire across a landscape. In 

Australia, FSSs are used by fire agencies to assist in operational decision-making and are 

expected to play a role in a future National Fire Danger Rating System. The Bureau of 

Meteorology (the Bureau) is actively investigating the application of FSSs through a number 

of projects in collaboration with the fire community. In particular, the Bushfire Predictive 

Services project, of which this document is a product, is evaluating the performance of 

simulators and simulator frameworks against observed fire behaviour. 

Simulators are run using a number of underlying input datasets. Some of these datasets are 

static, while others are typically updated, on varying timescales. Generally, topography 

datasets are entirely static, unless errors are detected. Fuel type datasets are also updated 

infrequently, to refine vegetation types or correct errors. If used, disruption datasets may be 

infrequently updated, as things like infrastructure expansion or relevant land use changes 

take place. Fire history datasets may be updated more frequently, depending on the activity 

level of a fire season and the resources available to maintain these records. Forecast 

weather datasets (including at least wind speed and direction, temperature and relative 

humidity), on the other hand, are updated as new forecasts become available, generally 

twice per day for routine operations, more frequently if rapidly changing circumstances 

demand. In particular, spot fire weather forecasts are produced on request. In addition, 

weather observation data may be updated almost continuously, depending on the proximity 

observation platforms such as Automatic Weather Stations (AWS). 

 

Wildfires exhibit complexities in size, duration and intensity, a feature often associated with 

multifaceted systems. There are several long-standing issues around appropriate techniques 

for analysing particular aspects of fire behaviour when the data sets are neither as complete 

nor as accurate as desired. Other analytic issues result from incomplete temporal information 

and changes in data collection quality or procedures. No single data set element necessarily 

contains all of the information required to run a simulator. For example, surface 

meteorological data may be sparse, as Automatic Weather Station coverage is limited, and in 

many cases sub-hourly information is important (i.e., wind gusts). 

 

Datasets of fire behaviour observations may include fire boundaries, fire intensity 

measurements, flame height, rate of spread, and possibly spotting intensity, all of which 

change as an event progresses. Constraints on the availability of fire behaviour information 

have meant that this project is using only fire isochrone (boundary) data to evaluate 

simulators. This document outlines the details of the various datasets held by the Bureau, 

which are necessary to run and evaluate the fire simulators for the selected case studies, 

and outlines the features of the datasets that are likely to impact on the evaluation of the 

simulators. 

 

Assessment of data quality underpins a good evaluation of fire simulators, which in turn will 

lead to decisions regarding which simulators are fit for purpose to assist in the process of 

making operational fire management decisions. 
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The sections in this document discuss these issues in general, and with each case study in 

particular, together with our considerations on how our proposed approach to the analyses 

aims to address these and other issues in this analysis. We make a recommendation as to 

what is possible in terms of an evaluation given this detailed analysis. 

2 Dataset specification 

2.1 Simulators/Frameworks 

The simulators/frameworks specified in this evaluation project are: 
 

1) Phoenix simulator (Tolhurst et al. 2008); 
2) Australis simulator (Kelso et al 2015); 
3) Prometheus simulator (Tymstra et al 2010); and 
4) Spark framework (A general description of Spark is given in Miller et al (2015)). 

 

2.2 Simulator requirements 

(1) Input requirements for Phoenix are: 
 

• fuel type map and models; 

• wind modifier; 

• fire history; 

• topography; 

• fuel disruption; and  

• weather (including grid or point values of temperature, wind speed and direction, 
relative humidity, cloud cover) 

 
with the following additional potential layers: 

 

• road proximity; 

• assets & values; and 

• suppression resources. 
 
(2) For Australis, the input requirements are: 
 

• Topography – fixed in Landgate; 

• Weather; 

• Fuel characteristics (fuel type, fuel load); 

• Fire history with additional potential layers; and 

• Fuel load modification. 
 
(3) In the case of Prometheus the input requirements are: 

 

• topography (optional slope, aspect and elevation in ESRI ascii format); 

• geographical features (optional e.g roads and watercourses as vectors, that can act 
as fuel breaks); 

• fuel (mapped to the 16 standard fuel types in the Canadian Fire Behaviour Prediction 
system); and 
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• weather time series (possibly more than one, but one primary series) with optional 
wind grid. 

 
(4) For Spark framework the input requirements (based on the simulator as configured for 

this project – note that these parameters may be updated as the spark framework 
evolves) are:  
 

• weather – currently requires netcdf grid or spot forecast time series; 

• topography; 

• fuel type layer; 

• fire history; and  

• fuel table. 
 
For each simulator, and for verification purposes, observed ignition location(s) and fire 
isochrones observations are also required to verify the simulator forecast isochrones. It 
should be noted that observed fire behaviour parameters in addition to isochrones would be 
useful for verification because such fire features may be available as outputs from 
simulators. However, in general, this information is not recorded during fire events. 

 

2.3 Case studies 

By agreement with the New South Wales Rural Fire Service (NSW RFS) and Australasian 

Fire and Emergency Service Authorities Council (AFAC), the project will evaluate simulator 

performance against ten fire case studies, for which “good quality” fire behaviour data exists 

across a range of physical and fire weather environments. Fire agencies that operate in most 

state jurisdictions were requested to suggest fire events that might be suitable, together with 

an assessment of the quality of verifying data. In early May 2016 a table of candidate events, 

for which “good quality” validating data was available, was circulated and agreed by agency 

representatives. The agreed case study events are documented in Table 1. 

Please note with respect to these case studies: 

• A more detailed summary of each fire event is provided in Appendix A.  

• Maps of case study fire extent are also provided in Appendix B. 

• Data access agreements with agencies are provided in Appendix E 

 

In each case, a data access agreement was signed to all data sets to be used for the project. 

These agreements have been included in Appendix D. 
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Table 1. Fire event case studies for evaluation 

Location (fire 
case study 

name) 

Start 
date of 
event 

Date(s) for 
evaluation 

State 
Predominant 

Fuel 

Fire 
Danger 
Index* Comments 

Ballandean 27/10/14 27/10/14 QLD Grass/forest VH 
Based on AWS. DF 

from spot forecast. 

Cobbler Road 08/01/13 08/01/13 NSW Grass SEV 

Based on AWS 60 km 

away. DF from spot 

forecast. 

North 

Grampians 
15/01/14 17/01/14 VIC Forest/grass EXT 

Based on AWS. DF 

from spot forecast. 

Pinery 25/11/15 25/11/15 SA Crop/grass CAT BoM report 

Sampson Flat 02/01/15 02/01/15 SA Forest EXT BoM report 

State Mine 16/10/13 
16/10/13 

17/10/13 
NSW Forest/heath SEV Ching et al study 

Wambelong 12/01/13 13/01/13 NSW Forest  CAT Sharples report 

Waroona 06/01/16 06/01/16 WA Forest  SEV McCaw report 

Wuthering 

Heights 
13/01/16 

26/01/16 

27/01/16 
TAS Forest/moor L-M 

BoM report. Fire 

affected AWS 

Wye River 19/12/15 25/12/14 VIC Forest/coastal VH Leonard et al report 

 

2.4  Dataset curation 

We have attempted to document the status and date of validity of the key data layers 

required to run the four simulators. In Section 2.2 we set out the requirements to run each of 

the fire spread simulators, and in to the best of our abilities. These requirements are 

shown in Table 2. Similarly, Table 3 documents the weather data and observed fire 

behaviour (isochrones) data available for each case study. Note that in Table 3, the number 

of spot fire weather forecasts corresponds to the period of the fire run investigated in this 

evaluation study (not necessarily the entire lifetime of the fire).  

Please note: 

• Metadata for each case study’s fire isochrones are documented in Appendix C. 
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Table 2. Status of fire and fuel datasets required for running fire spread simulators 

Fire case 
study 

location 

Fuel dataset, availability and fire history data 
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Ballandean  A     13.06.2014  11.06.2014 

Cobbler Road  A     01.01.2013  11.08.2015 

North 
Grampians 

 A     05.12.2011  08.04.2016 

Pinery  A     20.01.2016  25.01.2016 

Sampson Flat  A     20.01.2016  25.01.2016 

State Mine  A     01.10.2013  11.08.2015 

Wambelong  A     01.01.2013  11.08.2015 

Waroona  A     19.12.2016  19.12.2016 

Wuthering 
Heights 

      10.11.2015  22.02.2012 

Wye River  A     05.12.2011  08.04.2014 

 

Table Legend 

 = have the required data element 

A = Absent/missing 

 

Table footnotes 
1to be discuss with AFAC and the agencies – fuel OK for grass, and a mapping exists only for 

Tasmanian fuels to Prometheus (Canadian) fuels. 
2Spark can generate fuel data from Phoenix data layers. Data sets will be provided by NSW 

RFS. 
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Table 3. Status of weather and fire behaviour datasets required for running fire spread simulators 

Fire Case Study 
(date of run to 

be investigated) 
 

Bureau Weather data elements 
Fire behaviour 
observations 
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Ballandean 

27-28 Oct 2014 
(2/1-2)  (5) 

28.10.2014 11:58 
28.10.2014 18:46 
28.10.2014 21:54 
29.10.2014 09:27 
29.10.2014 16:03 

2 (2) 6hr no 

Cobbler Road 

8 Jan 2013 
(1/2-3)  (2) 

08.01.2013 20:54 
09.01.2013 04:14 

2 6 hr yes 

North Grampians 

17 Jan 2014 
(3/1-2)  (5*) 

16.01.2014 12:17 
17.01.2014 04:03 
17.01.2014 04:23 
17.01.2014 12:20 
17.01.2014 13:09 

25(13) ~2hr yes 

Pinery 

25 Nov 2015 
(2/2)  (1) 25.11.2015 18:15 1 (1)$ 7.5hr yes 

Sampson Flat 

2 Jan 2015 
(3/1)  (5) 

02.01.2015 15:56 
03.01.2015 00:25 
03.01.2015 04:54 
03.01.2015 11:11 
03.01.2015 16:56 

19(6) ~3hr yes 

State Mine 

16 Oct 2013 
(1/2)  (3) 

17.10.2013 05:54 
17.10.2013 14:44 
17.10.2013 23:08 

13 (3) 2-9hr yes 

Wambelong 

13 Jan 2013 
(1/1-2)  (3) 

13.01.2013 00:51 
13.01.2013 17:00 
13.01.2013 22:29 

15 (4) 
~1hr 

(p.m.) 
yes 

Waroona 

6 Jan 2016 
(3/1)  (4) 

06.01.2016 21:51 
07.01.2016 06:21 
07.01.2016 08:09 
07.01.2016 14:59 

20 (12) ~2hr yes 

Wuthering Heights 

26 – 27 Jan 2016 
(2/2-3)  (3) 

26.01.2016 16:51 
27.01.2016 09:44 
27.01.2016 16:17 

30 (2) 4 hr yes 

Wye River 

25 Dec 2015 
(3/1-2)  (2) 

24.12.2015 13:04 
25.12.2015 06:25 

62 ~1 hr yes 

 

Table Legend 

 = have the required data element 

$ = Not a good temporal distribution in the data element 

 

Table Notes on AWS locations 

Are included on the following page 
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Table Notes on AWS locations 

• Roseworthy AWS (el. 65 m) is 37 km SE of Pinery, at similar elevation. Clare (el. 395m) is 

about 50 km from Pinery, and somewhat higher.  

• Wambelong initial spot forecast request location (el. 550 m) approximately 27 km west of 

Coonabarabran Airport AWS (645 m). 

• Waroona (DAFWA) AWS (el. 36 m) is very close to the fireground, with Harvey (DAFWA) 

AWS (el. 38 m) 26 km to the south, and 14 km south of Yarloop, both (as is evident from their 

elevation) on the coastal plain. Note: DAFWA AWS anemometer height is 3 m, and their 

exposure is not recorded. Dwellingup BoM AWS is 17 km NE of Waroona, on the Darling 

escarpment, at an elevation close to that of the fire ignition point. 

• Luncheon Hill AWS is approximately 27 km east of Wuthering Heights Rd, but was damaged 

by fire during 26-27 January. A Victorian PAWS was deployed at the fire site, but several days 

after the 26-27 January fire run. However, Smithton AWS (el. 7 m) lies 40 km to the northeast, 

and Cape Grim AWS (el. 86 m) is about 50 km N of Wuthering Heights Rd, where the 

fireground was at about 160 m elevation. 

• Cobbler Rd initial spot location (el. 500 m) is 60 km SSE of Young AWS (380 m). 

• Longeronong AWS (el. 133 m) lies approximately 25 km N of the ignition location (el. ~ 200 m) 

of the North Grampians fire, with Horsham Airport AWS 31 km NNW of the ignition site, at 134 

m elevation. Stawell AWS is closer in elevation, at 235 m, but lies some 39 km to the ESE. 

• Edinburgh RAAF Base AWS (el. 17 m) is approximately 14 km WNW of Sampson Flat, but 

lower than the approximately 290 m of Sampson Flat. Similarly, Parafield AWS (el. 10 m) is 13 

km WSW of Sampson Flat, but again lower in elevation. Mt Crawford AWS, on the other hand, 

at 19 km ENE from Sampson Flat, is at approximately 430 m elevation. The combinations of 

the three AWS provide a generally good indication of conditions in the Sampson Flat area, 

despite their differences in elevation. 

• Mt Boyce AWS is approximately 15 km SE of the State Mine Fire origin, but at 1080m 

elevation, while the initial fire spot forecast request was for 550 m elevation. 

• Wye River is within 40 km of three Bureau AWS, the closest being Aireys Inlet, approximately 

26 km NE of Wye River.  

• Applethorpe AWS (el. 872 m) is 24 km NNE of Ballandean, at approximately 730 m elevation. 

Warwick AWS (el. 475 m) lies approximately 68 km NNE of Ballandean ignition location. 

 

3 Data issues and constraints that are to be noted 

3.1 Fire behaviour observations 

It should be noted that for operational and case study evaluation purposes, fire behaviour 

observation datasets ideally should be updated several times per day, allowing fire behaviour 

analysts to update predictions and evaluate the performance of fire spread simulators. In 

reality, this is often not possible or realistic as scarce resources are devoted to the safety of 

life and property, and fire mapping resources such as line-scan aircraft are not available or 

the costs to carry out frequent observations may be prohibitive. As a consequence, older or 

estimated data may be used for initialising or evaluating the simulators in real time. 
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3.2 Data layer quality or extent constraints 

Other datasets may also be less than optimal for example:  

 

(1) fuel data may include a “standard” load, associated with each fuel type, which may or 

may not be appropriate to the particular fuel sample burning in this case;  

(2) while efforts are made to ensure the currency of fuel type data, fuel type may not always 

be correct, which will have an obvious impact on the accuracy of fire simulations; and  

(3) weather datasets will, by their very nature, approximate conditions at a fire site. If 

obtained from the Australian Digital Forecast Database (ADFD), they will be average 

values over a three or six kilometre grid which may not reflect distortions to the broad 

conditions resulting from local topographic or land cover variations. Even specifically 

requested spot forecasts can only be approximations, albeit at higher quality than is 

usually the case with the ADFD grids, as detailed climatologies of weather experienced at 

fire sites are generally not available. 

3.3 Impact of fire suppression activities 

Fire agencies will naturally attempt to control the spread of fires. Such suppression efforts 

can have a very significant impact on subsequent performance evaluations of fire spread 

simulators. In general, suppression efforts will have a larger impact on fire size towards the 

end of a fire event. We will assume in this analysis that the least impact of suppression 

efforts will be when a fire makes a significant run. For this reason, we will concentrate the 

simulator evaluation on the periods when fires make substantial runs, or during periods when 

it is documented that fires were “unsuppressed” by fire agencies. 

4 Evaluation metric constraints 

Based on the extent and quality of the data sets we suggest that the methods outlined in the 

project methodology document (“Methodology for the evaluation of fire spread simulator 

accuracy”) will be relevant and achievable for the ten agreed case studies, subject to a 

number of caveats based on the availability of fire behaviour (i.e. isochrone) data. These are 

highlighted in Table 4. 
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Table 4. Ability to calculate evaluation metrics based on available isochrone data. 

 

Table Legend 

 = can be calculated form the data sets obtained. 

? = can be calculated if some data interpolations or estimations are made. 

# = see methods document final version: 0.61 1-08-16. 

†These parameters may be difficult to compute without making assumptions about the 

progress of the fire, due to the wind change during the fire event. 

 

Table footnotes 
1At 6.9.16, only incomplete isochrones are currently available – in discussion with QFES to 

attempt to get more data. 
2Very detailed data – we assume that the separate polygons can legitimately be aggregated to 

form complete fire areas at successive times 
3Assumes boundary approximates the fire after 7.5 hours from ignition on 25.11.15. 
4Assumes that the very detailed isoline data can legitimately be connected to form isochrones 

polygons. 
5Two isochrones available on day of studied run (1049 and 1447), but isochrones also 

available 1826 the previous day and 1400 the subsequent day. 
6Very detailed data – we assume that the separate polygons can legitimately be aggregated to 

form complete fire areas at successive times. 
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State Mine      3 Ching et al (2016) 

Pinery3  ?†  ?† ? 1 Bureau of Meteorology (2016a) 

Wambelong 
     4 

Fawcett et al. (2014) 

Dillon (2015) 

Sharples (2014) 

Waroona4 

     12 

Bureau of Meteorology (2016b) 

McCaw et al. (2016) 

Ferguson (2016) 

Wuthering 
Heights5 ? ? ? ? ? 2 

Bureau of Meteorology (2016c) 

Strategic Planning Group, TFS (2016) 

Wye River6      62 Leonard et al. (2016) 
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5 Overall project evaluation constraints 

Following on from the above analysis, which maps the applicability of the data sets for use in 

the agreed methods calculation, it is also important to highlight the ability to exercise the data 

elements in the agreed simulator family. The limitations in our capacity here are born out of 

one or more of the following features: 

(a) the lack of current capabilities in the “simulator” framework; 

(b) inability to map data sets into simulators i.e. fuels; and 

(c) the sometimes poor temporal resolution of data sets (isochrone frequency etc.). 

 

This breakdown is set out in Table 5. 
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Table 5. Ability to calculate evaluation metrics, based on dataset and simulator constraints 
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Table Legend 

Red – is not currently computable without significant effort. 

Yellow – computable via automated runs of the simulator, with provided Australian fuel layers. 

Yellow (hatched) – computable via manual runs of the simulator with significant effort.  

Green – computable via automated simulator runs with minimum effort. 
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6 Evaluation recommendations  

With respect to each simulator and subject to the data quality, outlined in this report, we put 

forward the following formal analysis and evaluation recommendations for consideration and 

approval: 

 

1. Phoenix simulator 

a) This simulator can be run in batch mode using the open execution framework 

developed by the project; 

b) The provided data sets enable the project to execute the agreed methods as detailed 

in Table 4; and 

c) We have access to four (4) versions of Phoenix, which initial testing has 

demonstrated behave differently, and which we understand are currently in use to 

some degree within fire agencies.  

Project Evaluation Recommendation (1): All available (to the Bureau) versions be 

evaluated as part of the project. This is a variation on the project scope that adds an 

additional set of (three) simulators and corresponding computation. 

 

2. Spark framework and simulator(s) 

a) This framework can be run in batch mode using the open execution framework 

developed by the project; 

b) The provided data sets enable the project to execute the agreed methods as detailed 

in Table 4; and 

c) We expect to have access to three (3) configuration instances of the Spark 

framework based on (1) the native CSIRO configuration/workflow implementations 

using topography and a simple grass-forest fuel type layer with fixed fuel values (2) 

the project focused Vesta fire behaviour equations (developed by CSIRO) using fuel 

types and models specific to each case study and (3) the McArthur sets of fire 

behaviour equations (developed by the RFS and CSIRO) using fuel models derived 

from the Phoenix input data sets. 

Project Evaluation Recommendation (2): All three configurations of the Spark 

framework be evaluated as part of the project. This is a variation on the project scope 

that adds an additional set of (two) simulators and corresponding computation.  

 

3. Australis model 

a) This simulator cannot be run in an automated fashion and must be run manually*; and 

*Efforts by the Bureau of Meteorology, the NSW Rural Fire Service and the Australasian Fire 

and Emergency Services Council to obtain Australis source code or executables have proven 

unsuccessful, so we are unable to implement the full evaluation framework for this simulator. 

With assistance from WA Department of Fire and Emergency Services we have access to the 

Landgate web service, which allows us access to Australis (as a proxy). 
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b) The provided data sets enable the project to execute the agreed methods as detailed 

in Table 4. 

Project Evaluation Recommendation (3): With the support of DFES, we through a 

best-effort exercise run the Australis simulator manually for each of the case studies. 

Running through a very small permutation of input variables.  

 

4. Prometheus simulator 

a) The most recent version of the Prometheus fire simulator (later than 5.5) do not 

support batch runs the open execution framework developed by the project nor by 

using the Canadian batch mode utility (Pandora); 

b) The provided data sets enable the project to execute the agreed methods as detailed 

in Table 4; 

c) The provided data sets will only enable a limited number of case studies to be 

investigated*. 

*Versions from 6.2.0 offer a mapping to Tasmanian fuel types, but there is no clear, well-

defined mapping from most Australian fuels to the Canadian fuel types built into Prometheus, 

particularly eucalypt forest. Thus, we are not able to run large numbers of simulations 

automatically, and, further, in the absence of agreed mappings from built-in Canadian fuel 

types to those of much of Australia (with the exception of grasslands, which are considered 

sufficiently similar between Canada and Australia to allow unmodified operation of 

Prometheus on Australian grasslands), we are able to simulate a very limited number of the 

case studies being used in this project.  

d) At this stage, we tentatively estimate that as a “best effort” set of simulations for 

Prometheus would involve the Cobbler Rd, Pinery and Wuthering Heights case 

studies.  

Project Evaluation Recommendation (4): Through a best-effort exercise run the 

Prometheus simulator manually for each of the Cobbler Rd, Pinery and Wuthering 

Heights case studies. Running through a very small number of permutations of the input 

variables.  

7 Recommendations for future studies 

7.1 Some data management workflows and concepts 

Adapted from the Australian National Data Service summary 

• see http://www.ands.org.au/guides/curation-continuum 

The datasets collected and worked on during the evaluation represent a valuable asset to the 

fire and research community. The concepts of a data curation continuum and an 

understanding of curation boundaries allow agencies to describe how the management of 

data for discovery and reuse is best facilitated. These concepts are also likely to be of 

interest to the broader fire agency community who initially create data sets and to those 

stakeholders who are involved in data management and distribution. 

http://www.ands.org.au/guides/curation-continuum
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A typical data curation continuum begins in the semi-private domain, with the creation of 

business/research data sets (see Figure 1 below). There may be a large number of specific 

data objects which are updated at various frequencies. At this stage, agencies/researchers 

typically manage their own data. Preservation and creation of metadata may not be needed, 

and access to the data stets is typically limited. 

 

Figure 1. Domains, data stores and curation boundaries 

 

At the other end of the continuum is the creation of public domain data sets. There are likely 

to be a smaller number of selected static data objects which have accrued more relevant 

metadata, and which may be managed and preserved through institutional arrangements 

through repositories which may take a central of federated structure. This data is more likely 

to be publicly accessible. 

Each business area or project typically has a unique pattern of data curation dimensions and 

transition along those dimensions. The key transitions occur when data moves from the 

private domain into a collaborative environment, and when data moves into the public 

domain. 

These transitions are referred to as curation boundaries. They are points in time when 

curation decisions need to be made and when responsibilities for data management may 

transfer to others. 

At the collaboration curation boundary, data moves from the private research/business 

domain into a shared research domain. Typically an authority needs to decide what data to 

be shared, who should be able to access the data, and what additional information 

(metadata) people will need to collaborate in the project/activity. At this stage the context of 

the data is clear, and collaboration is likely to occur mainly with same discipline colleagues, 

although cross-institutional collaboration is common. 
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There may be legal issues (IP; copyright, licence etc.), such as the need to de-identify data 

to protect privacy, or to protect access to data in accordance with any agreements, contracts 

or institutional policies (The project has already provided some general best practice and 

pertinent examples relating to the management of IP to the sponsors of this investigation). 

Data publication implies continuing availability, so arrangements for storage and preservation 

need to be made. 

Data publication also implies a need for the data to be discoverable. As a result, persistent 

identifiers may need to be assigned to the data, and more complete metadata created. This 

metadata will need to include descriptions of the data, how it was created and manipulated, 

access and reuse policies, and copyright statements. Since publication also exposes the 

data beyond the creating discipline, plain language descriptions of the data may be required 

to facilitate reuse of the data. 

7.2 Some best practice data management principles 

The project group considers that there are four broad product groups that all data falls into 

that might be of use to fire agencies, and to researchers in this service delivery space. They 

are: 

1) Meteorological data products (model (numeric), observations, climate) i.e, 

temperature, relative humidity, wind speed and direction, analysis and forecast 

products, AWS etc; 

2) Land surface data products topography, fuels, burn area etc; 

3) Space data products aerosol, smoke dispersion etc; and 

4) Hydrological data products. 

Within these product groups, data sets will be in many specific data classifications. For 

example (a) GIS (spatial – polyline, shape, isochrones that define areas), (b) Gridded data, 

(c) Point based measurements, (d) Message formats etc.  

We would strongly encourage the use of standards that are vendor neutral and widely 

applicable, which don’t need codec’s to be developed or elaborate transforms to be 

undertaken. Such pathways increase risks, costs and the likelihood of errors being 

introduced into any evaluation or data exchange task. 

For the above data classifications, we strongly suggest these open formats as noted below: 

(a) For General Point Data 

Formats – BUFR (a message format), CSV (table) 

(b) For Gridded Data sets 

Formats – GRIB2, NetCDF CF, HDF5 and their published international schemas 

(c) For Spatial Data sets which can be point, gridded, shapes etc 

The conventions set out by the Open Geospatial Consortium (OGC) should be adhered to, in 

regard to vector and raster formats. We note that vectors can be converted to raster, and 

vice versa. 
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Types – Shape which may contain: polygons (shape files), lines/polylines (isochrones) and 

point or multi-point 

-  Coverage which may contain: point, or node, arc, or line, polygon and a label 

Formats - Geotiff (raster format), Shapefile (vector format has may shape types i.e point, 

polyline, polygon etc), Discrete and continuous vector gridded formats which consist of 

coordinates.  

(d) Schemas & Meta Data 

Schemas/Metadata elements should be produced and published in XML or GeoJson format. 

They should be place on a central managed repository and referenced e.g. the most current 

schema are data elements, available at……. 

Units associated with physical values i.e. units of distance, temperature, and mass should be 

consistent and defined in a modern schema/metadata structure as seen in standards based 

gridded data sets. 

7.3 Formal Project Specific Recommendations Relating to Future 

Data Set Curation 

Based on the project learnings, we considered it valuable to offer some general 

recommendations that can be readily implemented without significant overheads, so as to 

enhance the accessibility of various data sets that are currently being gathered by 

jurisdictions, this extends to: 

1. Observation data, stored as either geotiff’s or shapefile formats.  

Project Data Recommendation (1): Observation data be stored in a standard reference 

frame and as a marked up shapefile. Where fire scars are stored as complete polygon 

representations of fire shape.  

2. Simulator static layers stored in ESRI format or geotiff format. 

Project Data Recommendation (2): Inputs to simulators are stored in a suitable, fast to 

access, data format – such as geotiff or netcdf. Where the formats support self-describing 

the units and associated meta-data for each input is stored.  

3. Simulator outputs as shapefiles or geotiff’s.  

Project Data Recommendation (3): Outputs from simulators conform to an open-

standard and gridded output is stored in a suitable raster format, such as geo-tiff or CF-

compliant netcdf.  
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8 Project and stakeholder endorsement and sign-off  

 

Project Executive Approval: 

ADPW 

 

Roger Deslandes 

  

  

 

Project Director: 

RDTAS: 

 

Mr John Bally 

 

  

 
We are formally seeking:  
 

(a) Confirmation that our analysis of the extent and quality of the data sets are correct; 
(b) That no further relevant case study data for these case studies are available by 

circulating this document to the jurisdictions;  
(c) Approval for the base evaluation analysis that has been proposed by the Bureau in 

sections 3 and 7 of this document; and 
(d) Approval to proceed with the simulator evaluation on the basis of the datasets 

currently held. Endorsement acknowledges that additional data may be received in 
future, from state fire authorities.  

 

AFAC 

Manager of Predictive Services: 

 

Mr Greg Esnouf  

 

  

 

RFS NSW 

Manager Of Community Planning: 

 

Dr Simon Heemstra 
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Appendices 

A. Summary of fire spread simulator test case events 

 

a) Ballandean (started 27 October 2014) 

 

The Ballandean fire burnt through grass and forest in Queensland’s Southern Downs from 27 

October 2014, having started from a lightning ignition, and was contained by 2 November. 

The fire was unsuppressed for the first two days of its run, making it a valuable case study in 

this respect alone. 

 

b) Cobbler Road (started 8 January 2013) 

 

The Cobbler Road fire, which started under Severe fire danger conditions mid-afternoon on 8 

January 2013, burnt quickly, travelling 35kms and covering 14,000 hectares within six hours. 

It caused significant damage to farming country including extensive livestock losses. Much of 

the activity took place overnight on 8-9 January 2013. The strong westerly wind did not ease 

overnight and nearly 150 firefighters worked intensively to protect properties in the path of 

this remarkably fast moving grass fire. (RFS Bush Fire Bulletin, 35(1)) 

 

c) North Grampians (started 15 January 2014) 

 

Lightning started a bushfire in the Grampians on 15 January 2014. The fire coincided with a 

heatwave in the Grampians region, as temperatures exceeded 40 ⁰C between 15-20 

January, and Forest FDI conditions were believed to be Extreme. The fire burnt 52,000 Ha of 

bush and farmland, destroyed 30 homes and killed 7000 sheep before being contained on 21 

January. A pyrocumulonimbus generated by the fire produced more lightning, and lofted 

embers kilometres ahead of the fire front on 17 January. 

 

d) Pinery (started 25 November 2015) 

 

Hot and very dry conditions with strong north to northwest winds ahead of a strong and gusty 

west to southwesterly change affected much of South Australia on the 25th November 2015, 

leading to dangerous fire weather. Fire danger indices corresponding to the Catastrophic fire 

danger category occurred in the Mid North and Murraylands and very briefly in parts of the 

Eastern Eyre Peninsula, Riverland and North West Pastoral districts. Several fires occurred 

but the most serious was the Pinery fire in the Mid North district to the north of Adelaide. This 

fire ignited about midday, and was a fast running grass fire. The fire initially spread 

southeastwards as a long narrow fire, and when the wind turned, the long eastern flank 

became a broad front and the fire spread rapidly eastwards. About 82 000 hectares was 

burnt by the end of the day. Two people died, and several people suffered serious burns. 

Known losses include 87 homes either destroyed or significantly damaged, nearly 400 other 

structures, mainly farm sheds and outbuildings and 100 vehicles burnt. There were large 

crop and stock losses. The Pinery fire burnt from 25 November to 2 December 2015. (MWR 

Nov. 2015) The Pinery fire was tracked with weather-watch radar, useful to constrain the fire 

progress. 
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e) Sampson Flat (started 2 January 2015) 

 

After a severe rainfall deficiency for Jul-Dec 2014, Adelaide recorded 44.1 ⁰C on 2 January 

2015, and 38.2 ⁰C on 3 January. The Sampson Flat fire started at around 12:20 pm 2 

January in the Adelaide Hills, burning about 12,500 Ha and destroying 27 houses before it 

was contained on 8 January. Significant spotting from the fire was reported from about 2:20 

pm on 2 January. Extreme FFDI and GFDI were reported from the nearest AWS to the fire 

on 2 January, with CHaines Index calculated at 13 on the Adelaide Airport 22:00 CST 

sounding. (from “Sampson Flat Fire Weather Conditions for 2 January 2015”, SA Regional 

Office). 

 

f) State Mine Fire (started 16 October 2013)  

 

State Mine Fire was one of approximately 100 fires that burnt in NSW in mid-October 2013, 

following a record warm September in the state. The fire was ignited by an explosives 

training exercise on Australian Defence Force land on 16 October, travelling up to 25 km on 

the 17th, in Severe FFDI conditions, eventually burning in excess of 55, 000 Ha and 

destroying five houses and damaging the historic Zig-zag railway. The fires that burnt in the 

Blue Mountains in October 2013 destroyed in total more than 300 homes (the Springwood 

fire, ignited on 17 October, alone destroyed 195 homes).  

 

g) Wambelong (started 12 January 2013) 

 

During the week leading to the Wambelong fire, Very High to Extreme fire danger occurred in 

the vicinity of the fire ignition location, with Catastrophic fire danger forecast for the 12th, and 

a CHaines Index of 12-13. A fire started on the afternoon of the 12th, and burnt a large area 

on the 13th remaining uncontrolled for a week, burning eventually 56, 280 Ha and 53 houses 

(Coroner’s Report Warrumbungles fire). Extreme fire behaviour occurred, with lateral fire 

spread observed at times, and a pyrocumulonimbus cloud generated over the fire. 

 

h) Waroona (started 6 January 2016) 

 

The Waroona bushfire (Perth Hills Fire 68) was ignited by lightning in the Murray River valley 

south-east of Dwellingup and was detected at 0630 hr on Wednesday 6 January 2016. 

Burning under prevailing E to NE winds the fire made a series of major runs to the west, 

eventually burning to the Indian Ocean near Lake Preston. Around sunset on 7 January the 

fire burned through the town of Yarloop resulting in the loss of two lives, destruction of more 

than 100 homes and severe damage to other buildings and infrastructure. The fire burnt a 

total area of 69165 ha including 31180 ha of freehold land, making it the second largest 

individual fire in the south-west since the Dwellingup fire of January 1961. The fire was 

notable for its size and complexity, for the scale and duration of suppression operations, and 

for its significant social and economic impacts on the community of south-west Western 

Australia (from: Reconstruction of the spread and behaviour of the Waroona bushfire (Perth 

Hills 68, 6-7 January 2016, McCaw et al 2016) 
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i) Wuthering Heights (started 13 January 2016) 

 

Over 70 fires started in western and northwestern Tasmania on 13 January 2016 from some 

2000 lightning strikes as a trough crossed the State. The four month period to the end of 

December 2015 had seen record low rainfall over the western 80% of Tasmania. The 

Wuthering Heights fire burnt for several days before running on the 19th in warm, dry 

conditions and again on the 26th into the 27th in fresh northeasterly winds. As with many of 

the other fires burning at the time, Wuthering Heights fire burnt into peat, making it very 

difficult to extinguish. In addition, the fire was not well-modelled by fire simulators, burning 

largely in Low-Moderate Forest FDI conditions (noting that FFDI is not the most appropriate 

fire index in the wet forest and moorlands within which much of the fire burnt). 

 

j) Wye River (started 19 December 2015) 

 

A lightning strike on 19 December started a small fire near Wye River. On Christmas Day the 

fire grew to 2080 Ha, destroying 116 homes in Wye River and Separation Creek, under Very 

High fire danger conditions. The fire continued to burn for several weeks in steep, difficult 

and heavily forested terrain. The event followed a heatwave in Victoria from 18-20 

December. (MWR December 2015) 

 

 

-o0o- 

  



Bushfire Predictive Services     Released: 5/10/16 
 

Version: 1.4 Fire Spread Simulator Data Status Page 29 of 66 
 

 

B. Case study isochrone maps derived from the data sets 

provided by the agencies 

 

a) Ballandean fire 

 
 

b) Cobbler Road fire 
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c) North Grampians fire 

 
 

 

d) Pinery fire 
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e) Sampson Flat fire 

 
 

  

f) State Mine Fire fire  
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g) Wambelong fire 

 

 

h) Waroona (6/1/2016) 
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i) Wuthering Heights fire 

 

 

j) Wye River (25/12/2015) 
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C. Case study metadata 

 
a) Ballandean fire 

 

Metadata     
 Fire Ballandean   
 Projection EPSG:4283, GDA94   
 Format Single shapefile (.shp)   
 Type Polyline   
 

Ignition Point 
-
28.809436,151.870692   

 Ignition Time ?   
 First Date ?   
 Last Date ?   
 First Area ? m2 
 Final Area ? m2 
 

    Attributes   
  OBJECTID .shp attribute 
  SHAPE_Leng .shp attribute 
  

    Survey times Derivation Description 

? Line Scan? Partial fire boundary, unknown time 
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b) Cobbler Road fire 

 

Metadata     
 Fire Cobblers Road   
 

Projection 
EPSG:3308, GDA94 / NSW 
Lambert 

 Format Multiple shapefiles (.shp) 
 Type Polygon   
 Ignition Point -34.8361, 148.4197   
 Ignition Time 08/01/2013 at 1554hrs   
 First Date 8/01/2013 20:04   
 Last Date 11/01/2013 9:21   
 First Area 5315 ha 
 Final Area 14670 ha 
 

    Attributes   
  Id .shp attribute 
  Date yyy-mm-dd- hh:mm 
  

    Survey times Derivation Description 

8/01/2013 20:04  Linescan Main run of the fire  

9/01/2013 2:52  Linescan 
Main run of the fire, very little 
spread after this time 

9/01/2013 11:55  Linescan     

9/01/2013 19:45  Linescan     

10/01/2013 12:13  Linescan     

10/01/2013 21:30  Linescan     

11/01/2013 9:21  Linescan     
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c) North Grampians fire 

  

Metadata     
 Fire North Grampians Fire   
 Projection EPSG:311, GDA94 / Vicgrid94 
 

Format 
Single shapefile 
(.shp)   

 Ignition Point ?   
 Ignition Time ?   
 

First Date 
15/01/2014 

20:00   
 

Last Date 
20/01/2015 

20:00   
 First Area 8921 m2 
 Final Area 541741579 m2 
 

    Attributes   
  OBJECTID .shp attribute 
  Date yyyy-mm-dd 
  Time HH:mm 
  weather integer 
  FFMC integer 
  Fuel_compl integer 
  Fire_behav integer 
  Fire_name string 
  Comment string 
  Shape_Leng .shp attribute 
  Shape_Area .shp attribute 
   

 

   Survey times Derivation Description 

15/01/2014 20:00 Air obs photos 3 separate fires 

16/01/2014 8:00 Air obs photos Overnight spread of two fires, third deemed contained. 

16/01/2014 11:15 Air obs photos Spread of two fires 

16/01/2014 14:10 Air obs photos Two fires join 

16/01/2016 15:20 Air obs photos Fire spreads south 

16/01/2014 18:00 Air obs photos Fire spreads south and west 

16/01/2014 19:00 Air obs photos Fire spreads south and west 

16/01/2014 20:00 Air obs photos Fire spreads south and west 

16/01/2014 21:00 Estimated Fire spreads south and west. ROS decrease. 

16/01/2014 22:15 Estimated Fire spreads south and west 

17/01/2014 0:00 Reconstruction Fire spreads south and west 

17/01/2014 1:00 Reconstruction Fire spreads south and west 

17/01/2014 1:50 Reconstruction Fire spread southwest. Fingers develop. 

17/01/2014 3:22 IR line scan Fire spread southwest. Increased ROS. Two spot fires 
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Survey times Derivation Description 

17/01/2014 6:00 Field obs Fire spread southwest, incorporating spot fires. 

17/01/2014 10:00 Air obs photos Fire spread southwest 

17/01/2014 11:30 Air obs photos Fire spread southeast along whole flank. 

17/01/2014 12:30 Air obs photos Fire spread southeast  

17/01/2014 14:30 Estimated Fire spread southeast  

17/01/2014 15:30 Estimated Fire spread southeast. Reached Wartook reservoir. 

17/01/2014 17:30 Air obs photos 
Fire spread northeast from both north and south flank. One 
spot fire east of reservoir. 

17/01/2014 19:15 Air obs photos Fire spread northeast, incorporating spot fire. 

17/01/2014 22:00 Field obs Fire spread north. One spot fire. 

18/01/2014 3:00 Field obs Fire spread north. Two spot fires. 

20/01/2014 20:00 Final Final fire area. 
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d) Pinery fire 

 

Metadata     
 Fire Pinery   
 Projection EPSG:3107, GDA94 / SA Lambert 
 Format Single shapefile (.shp)   
 Type Polygon   
 

Ignition Point 
-34.306941, 
138.422494     

 Ignition Time 12:05   
 First Date 25/11/2015 0:00   
 Last Date 25/11/2015 0:00   
 First Area 78257 ha 
 Final Area 78257 ha 
 

    Attributes   
  OBJECTID .shp attribute 
  INCIDENTNU integer 
  INCIDENTNA string 
  INCIDENTTY string 
  FIREDATE yyyy-mm-dd 
  FINANCIALY yyyy/yyyy 
  FIREYEAR yyyy 
  SEASON string 
  DATERELIAB integer 
  IMAGEINFOR string 
  FEATURESOU integer 
  CAPTUREMET integer 
  CAPTURESOU integer 
  COMMENTS string 
  HECTARES float 
  SHAPE_AREA .shp attribute 
  SHAPE_LEN .shp attribute 
  

    Survey times Derivation Description 

25/11/2015 Unknown Fire boundary 
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e) Sampson Flat fire 

 

Metadata     
 Fire Sampson Flat fire   
 Projection EPSG:3107, GDA94 / SA Lambert 
 Format Single shapefile (.shp), Single .kmz file 
 Type polygon   
 Ignition Point ?   
 Ignition Time ?   
 First Date 2/01/2015   
 Last Date 19/01/2015   
 First Area 0 m2 
 Final Area 115006325 m2 
 

    Shapefile 
Attributes   

  OBJECTID .shp attribute 
  INCIDENTNU yyyymmxxx 
  INCIDENTNA string 
  INCIDENTTY string 
  FIREDATE yyyy-mm-dd 
  FINANCIALY yyyy/yyyy 
  FIREYEAR yyyy 
  SEASON string 
  DATERELIAB integer 
  IMAGEINFOR string 
  FEATURESOU integer 
  CAPTUREMET integer 
  CAPTURESOU integer 
  COMMENTS string 
  HECTARES float 
  Shape_Leng .shp attribute 
  Shape_Area .shp attribute 
  

    kmz Attributes   
  

Name 
d/mm/yyyy h:mm:ss 
AM/PM 

  timestamp yyy-mm-ddT hh:mm:ss 
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Survey times Derivation Description 

2/01/2015 14:30 n/a Initial boundary   

2/01/2015 15:00 n/a Fire spread southeast. Spot fires. 

2/01/2015 15:30 n/a Fire spread southeast 

2/01/2015 16:30 n/a Fire spread southeast 

2/01/2015 17:00 n/a Fire spread southeast 

2/01/2015 18:00 n/a Fire spread southeast 

2/01/2015 21:00 n/a Fire spread east   

3/01/2015 0:30 n/a Fire spread northeast 

3/01/2015 6:30 n/a Fire spread northeast 

3/01/2015 8:30 n/a Fire spread southwest 

3/01/2015 13:00 n/a Fire spread southeast 

3/01/2015 16:30 n/a Fire spread several directions including spotting 

3/01/2015 21:30 n/a Fire spread northeast 

4/01/2015 13:00 n/a Fire spread mostly northern flank 

4/01/2015 21:00 n/a No significant increase 

5/01/2015 14:00 n/a No significant increase 

6/01/2015 12:00 n/a No significant increase 

6/01/2015 19:30 n/a No significant increase 

19/01/2015 Final Final fire area. Shapefile 
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f) State Mine fire 

 

Metadata     
 Fire State Mine   
 Projection EPSG:4283, GDA94   
 Format Multiple shapefiles (.shp) 
 Type Polygon   
 Ignition Point -33.4366, 150.1605   
 Ignition Time 16/10/2013 12:05   
 First Date 16/10/2013 16:23   
 Last Date 25/10/2013 20:19   
 First Area 64.91 ha 
 Final Area 52068.23 ha 
 

    Attributes   
  FID .shp attribute 
  Shape .shp attribute 
  MAPID integer 
  ADDEDDATET dd/mm/yyyy 
  ADDEDUSERN string 
  SYNCHRONIS integer 
  CAPTUREDDA   
  CAPTUREDUS string 
  DATASOURCE integer 
  VALIDATEDD   
  VALIDATEDU string 
  FIREPOLYGO integer 
  IncidentNa string 
  Notes string 
  BurntPerim float 
  BurntArea float 
  SHAPE_area .shp attribute 
  SHAPE_len .shp attribute 
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Survey times Derivation Description 

16/10/2013 16:23 Hand drawn Fire boundary 

16/10/2013 23:09 Linescan Fire boundary 

17/10/2013 10:04 Hand drawn Fire boundary 

17/10/2013 11:59 Linescan Fire boundary 

17/10/2013 21:15 Linescan Fire boundary 

18/10/2013 0:26 Linescan Fire boundary 

19/10/2013 0:24 Linescan Fire boundary 

20/10/2013 7:29 Linescan Fire boundary 

21/10/2013 4:22 Linescan Fire boundary 

22/10/2013 0:27 Linescan Fire boundary 

23/10/2013 17:38 Linescan Fire boundary 

24/10/2013 19:06 Linescan Fire boundary 

25/10/2013 20:19 Linescan Fire boundary 
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g) Wambelong fire 

 

Metadata     
 Fire Wambelong   
 Projection EPSG:28355 GDA94 MGA zone 55 
 

Format 
Multiple 
shapefiles (.shp)   

 Type polygon   
 

Ignition Point 
-31.2768, 
148.9698   

 

Ignition Time 
12/01/2013 at 
1605hrs   

 First Date 13/01/2013 9:50   
 Last Date 18/01/2013 13:25   
 First Area 527251 m2 
 Final Area ? m2 
 

    Attributes   
  OBJECTID .shp attribute 
  MAPID integer Not propagated 

ADDEDDATE yyyy-mm-dd Wrong 
 ADDEDUSERN string Not propagated 

SYNCHRONIS integer Not propagated 

CAPTUREDDA yyyy-mm-dd Contains processed date not capture date. 

CAPTUREDUS string 
  DATASOURCE integer Not propagated 

VALIDATEDD   Not propagated 

VALIDATADU   Not propagated 

FIREPOLYGO   
  IncidentNa   Not propagated 

Notes   Not propagated 

BurntPerim float Not propagated 

BurntArea float Not propagated 

LinescanDa yyyy-mm-dd 
  SHAPE_Leng .shp attribute 
  SHPATE_Area .shp attribute 
  Area_Ha float 
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Survey times Derivation Description 

13/01/2013 9:50 Linescan Initial boundary. Two fires. Time in file name 

13/01/2013 14:35 Linescan 
Fire spread northeast and southwest. Some spot 
fires 

13/01/2013 15:55 Linescan Fire spread southeast. Some spot fires 

13/01/2013 16:40 Linescan Fire spread southeast. One major spot fire 

14/01/2013 8:30 Linescan 
Fire spread northeast. Fires merged. Several new 
spot fires 

14/01/2013 14:00 Linescan Some infilling, minimal fire spread 

14/01/2013 19:10 Linescan Some infilling, minimal fire spread 

15/01/2013 0:06 Linescan Breakout on southwest flank 

15/01/2013 9:55 Linescan Minimal fire spread 

15/01/2013 17:00 Linescan Several breakouts along southern flank 

16/01/2013 3:58 Linescan Some fire spread 

16/01/2013 12:06 Linescan Minimal fire spread 

17/01/2013 10:40 Linescan Some fire spread along southern flank 

18/01/2013 20:31 Linescan Large breakout on southern flank 

18/01/2013 13:25 Linescan Final boundary 
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h) Waroona fire 

 

Metadata     
 Fire Waroona   
 Projection EPSG:28350 GDA94 MGA zone 50 
 Format Single shapefile (.shp)   
 Type polyline   
 Ignition Point ?   
 Ignition Time ?   
 First Date 6/01/2016 11:40   
 Last Date 8/01/2016 3:00   
 First Area ? m2 
 Final Area ? m2 
 

    Attributes   
  OBJECTID_1 .shp attribute 
  OBJECTID .shp attribute 
  LegendLab dd/mm hh:mm 
  Source string 
  Shape_Leng .shp attribute 
  Fixed integer 
  Shape_Le_1 .shp attribute 
  Date d mmm 
   

 

   Survey times Derivation Description 

6/01/2016 11:40 Reconstruction Initial boundary 

6/01/2016 14:34 Incident Spot fire 

6/01/2016 14:50 Incident Main fire spreads west 

6/01/2016 19:06 Incident Main fire spreads west 

6/01/2016 21:00 Reconstruction Main fire spreads west 

6/01/2016 23:00 Reconstruction Main fire spreads west 

6/01/2016 23:40 Incident Spot fires to the west 

7/01/2016 1:00 Reconstruction Main fire spreads west 

7/01/2016 1:40 Incident Merges with spot fires. New spot fire. 

7/01/2016 3:32 Incident Main fire spreads west 

7/01/2016 9:30 Reconstruction Main fire spreads southwest 

7/01/2016 11:00 Incident Main fire spreads west 

7/01/2016 11:40 Incident Spot fire 

7/01/2016 13:30 Reconstruction Main fire spreads southwest 

7/01/2016 14:45 Incident Low ROS 

7/01/2016 17:10 Incident Spot fire 

7/01/2016 18:30 Incident Main fire spreads slowly (north flank) 

7/01/2016 19:30 Reconstruction Main fire spreads slowly (south flank) 
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Survey times Derivation Description 

7/01/2016 20:30 Reconstruction Main fire spreads slowly (south flank) 

8/01/2016 3:00 Incident Final boundary 
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i) Wuthering Heights fire 

 

Metadata     
 Fire Wuthering Heights   
 Projection EPSG:28355, MGA Zone 55 
 Format Single shapefile (.shp)   
 Type Polygon   
 Ignition Point ?   
 Ignition Time ?   
 First Date 14/01/2016 12:00   
 Last Date 15/03/2016 14:00   
 First Area 4.53 ha 
 Final Area 21970 ha 
 

    Attributes   
  FID .shp attribute 
  Shape .shp attribute 
  Geoname string 
  Includent_N integer 
  Fire_name string 
  Status string 
  Effective_ yyyy-mm-dd 
  Effective1 hhmm 
  Updated_By string 
  Notes string 
  Capture_Ty string 
  Locality string 
  AIRS_Updat NULL 
  OBJECTID .shp attribute 
  

    Survey times Derivation Description 

14/01/2016 12:00 AIR GPS     

16/01/2016 15:45 AIR GPS     

17/01/2016 20:30 Unknown     

19/01/2016 16:17 AIR GPS     

23/01/2016 9:30 AIR GPS     

25/01/2016 13:45 AIR GPS     

25/01/2015 13:46 AIR GPS     

26/01/2015 18:26 AIR GPS     

27/01/2016 10:49 AIR GPS     

27/01/2016 14:47 AIR GPS     

28/01/2016 14:00 AIR GPS     

29/01/2016 11:00 AIR GPS     

30/01/2016 14:27 AIR GPS     

31/01/2016 9:00 Unknown     
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Survey times Derivation Description 

1/02/2016 18:40 AIR GPS     

2/02/2016 15:30 AIR GPS     

2/02/2016 18:38 AIR GPS     

3/02/2016 17:45 AIR GPS     

4/02/2016 12:00 AIR GPS     

4/02/2016 16:45 AIR GPS     

5/02/2016 16:45 AIR GPS     

6/02/2016 10:00 AIR GPS     

8/02/2016 16:00 Unknown     

8/02/2016 17:00 Unknown     

9/02/2016 16:00 Unknown     

10/02/2016 17:00 Unknown     

11/02/2016 17:00 Unknown     

12/02/2016 9:00 Unknown     

12/02/2016 11:00 Unknown     

12/02/2016 14:30 Unknown     

13/02/2016 17:00 Unknown     

16/02/2016 17:00 Unknown     

17/02/2016 13:00 Unknown     

20/02/2016 14:00 Unknown     

3/03/2016 10:56 AIR GPS     

13/03/2016 9:00 Unknown     

15/03/2016 14:00 AIR GPS     
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j) Wye River fire 

 

Metadata     
 Fire Wye River   
 Projection EPSG:28354, MGA Zone 54 
 Format Single shapefile (.shp)   
 Type Polygon   
 Ignition Point ?   
 Ignition Time ?   
 First Date 24/12/2015 19:00   
 Last Date 26/12/2015 3:30   
 First Area 64.91 ha 
 Final Area 52068.23 ha 
 

    Attributes   
  FID .shp attribute 
  Shape .shp attribute 
  Date dd/mm/yyyy 
  Time_text hhmm 
  Source_Nam text 
  Sourcecomm text 
  supporting text 
  Accuracy_R integer 
  Source text 
  time_perio hhmm - hhmm 
  Time_noted hhmm 
  Time hh:mm 
  Date_Time dd/mm/yyyy hh:mm 
  accuracy +/- Xm 
  uniq_id integer 
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Survey times Derivation Description 

24/12/2015 19:00 IMT mapping     

25/12/2015 11:16 Linescan     

25/12/2015 11:21 Linescan     

25/12/2015 12:05 Linescan     

25/12/2015 12:10 FLIR - Image     

25/12/2015 12:12 FLIR - AIG Video     

25/12/2015 12:16 FLIR - Image     

25/12/2015 12:19 FLIR - AIG Video     

25/12/2015 12:20 FLIR - AIG Video     

25/12/2015 12:22 FLIR - AIG Video     

25/12/2015 12:40 FLIR - Image     

25/12/2015 12:45 FLIR - AIG Video     

25/12/2015 12:48 FLIR - AIG Video     

25/12/2015 12:55 Linescan     

25/12/2015 12:59 FLIR - Image     

25/12/2015 13:26 Linescan     

25/12/2015 14:26 
FLIR Video - Laser 
Range     

25/12/2015 14:36 FLIR - AIG Video     

25/12/2015 14:44 FLIR - AIG Video     

25/12/2015 15:07 FLIR - AIG Video     

25/12/2015 15:08 FLIR - AIG Video     

25/12/2015 15:10 
FLIR Video - Laser 
Range     

25/12/2015 15:13 FLIR - AIG Video     

25/12/2015 15:16 FLIR - AIG Video     

25/12/2015 15:18 FLIR - AIG Video     

25/12/2015 15:20 FLIR - AIG Video     

25/12/2015 15:23 FLIR - AIG Video     

25/12/2015 15:33 FLIR - AIG Video     

25/12/2015 15:36 FLIR - AIG Video     

25/12/2015 15:39 
FLIR Video - Laser 
Range     

25/12/2015 15:50 Linescan     

25/12/2015 15:57 Linescan     

25/12/2015 16:57 Linescan     

25/12/2015 17:00 Aerial Image     

25/12/2015 17:55 FLIR - AIG Video     

25/12/2015 18:00 FLIR - AIG Video     

25/12/2015 18:04 FLIR - AIG Video     

25/12/2015 18:05 FLIR - AIG Video     

25/12/2015 18:07 FLIR - AIG Video     

25/12/2015 18:08 FLIR - AIG Video     

25/12/2015 18:09 FLIR - AIG Video     
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Survey times Derivation Description 

25/12/2015 18:10 FLIR - AIG Video     

25/12/2015 18:11 FLIR - AIG Video     

25/12/2015 18:12 FLIR - AIG Video     

25/12/2015 18:24 FLIR - AIG Video     

25/12/2015 18:26 FLIR - AIG Video     

25/12/2015 18:36 FLIR - AIG Video     

25/12/2015 18:41 FLIR - AIG Video     

25/12/2015 18:50 FLIR - AIG Video     

25/12/2015 18:56 FLIR - AIG Video     

25/12/2015 19:03 Linescan     

25/12/2015 19:08 Linescan     

25/12/2015 19:34 Linescan     

25/12/2015 19:39 Linescan     

25/12/2015 19:41 Linescan     

25/12/2015 20:07 Linescan     

25/12/2015 20:13 Linescan     

25/12/2015 20:30 Linescan     

25/12/2015 20:36 Linescan     

25/12/2015 20:57 Linescan     

25/12/2015 21:02 Linescan     

25/12/2015 21:26 FLIR Video     

25/12/2015 21:32 Linescan     

26/12/2015 0:12 Linescan     

26/12/2015 0:17 Linescan     

26/12/2015 3:30 IMT mapping     
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D. Data access agreements for this project 

The following documents are the signed data access agreements to outline the requirements 

for the transfer and use of digital data for the project. 

An agreement with NSW RFS was not required as data provision was covered in the 

executed Deed for the project.  
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i. Department Parks and Wildlife Western Australia 
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ii. Country Fire Authority Victoria 
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iii. Queensland Fire and Emergency Services 
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iv. Tasmania Fire Service 
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v. Department of Environment, Water and Natural Resources 

South Australia 
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E. Data Reliability rating table 

The table below was extracted from Cruz et al. (2012) 

Rating Weather 
Fine fuel moisture 

content 
Fuel complex 

Fire behaviour 
(ROS) 

1 

Nearby (<25 km) 
routine obs. or field 
measurements 

Point measurements 
at time of fire, 
extrapolated to fire 
area accounting for 
topographic effects 

Fuel characteristics 
inferred from fuel 
age function 
developed for 
particular fuel type 

Direct timing of fire 
spread 
measurements (IR 
scans, aerial obs, 
observed reference 
points with photos) 

2 

Obs within 50 km of 
fire (with no local – 
terrain/vegetation- 
effects on wind field, 
and/or partially 
validated model wind 
field 

Single point 
measurements 
within or in vicinity of 
fire area 

Fuel characteristics 
inferred from visual 
assessment of 
nearby unburnt fuel 

Reliable timing (+/- 
15 minutes) of fire 
spread by field 
observations with 
general reference 
points 

3 

Obs >50km from fire, 
reconstruction of 
wind near fire/Obs 
<50km, but local 
effects on wind field, 
or data not 
representative of fire 
area 

Estimation of fuel 
moisture through 
validated models, 
taking account 
topographic effects 

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

Reconstruction of 
fire spread with 
numerous cross-
references 

4 

Spot observation 
near fire 

Estimated fuel 
moisture for nearby 
(<25km) 
meteorological 
stations 

Fuel characteristics 
typical of equilibrium 
level in dry 
schlerophyll forest 

Doubtful 
reconstruction of fire 
spread 

5 

Distant obs. At 
locations very 
different from firesite 

Estimated fuel 
moisture for distant ( 
>25km) 
meteorological 
stations 

 Anecdotal or 
conflicting reports of 
fire spread 
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Executive summary 

This document describes a novel methodology for the evaluation of fire spread simulators. It 

considers previous published evaluations in this field, concepts and methods from weather 

forecasting verification as well as a user-oriented approach with a multidisciplinary set of 

stakeholders. The approach uses a set of fire case studies from around Australia that include 

quality-controlled ground truth observations of area burned. For a given fire spread simulator 

a set of performance metrics are calculated for each case study by comparing predicted and 

observed area burned. Estimates of uncertainty in simulator inputs, including weather and fuel 

data, add an important dimension to the methodology. Application of the methodology to 

multiple fire spread simulators provides objective measures of the quality of simulator 

predictions under different conditions and enables inter-simulator comparisons. The 

presentation and visualisation of results is briefly discussed. 

Please note that this is a detailed progress report related to a project milestone for the fire 

simulator evaluation projects. All of the information contained within this report was correct at 

the time of endorsement and signoff by the stakeholders. The reader is directed to the body of 

final project report as there may be some further changes and adjustments over time. 

1 Introduction 

Fire spread simulators (FSSs) predict the surface spread of fire across a landscape. In 

Australia, FSSs are used by fire agencies to assist in operational decision-making and are 

expected to play a role in a future National Fire Danger Rating System. The Bureau of 

Meteorology (the Bureau) is actively investigating the application of FSSs through a number 

of projects in collaboration with the fire community.  

It is useful to make a distinction between fire spread ‘models’ and ‘simulators’. For our 

purposes a model is a mathematical function that relates a variable such as fire forward rate 

of spread to other variables such as wind speed and fuel type as described in Cruz et al., 

(2015). A simulator is a software application that provides a two dimensional implementation 

of one or more models (Sullivan, 2009). 

There is a need for systematic, objective evaluation of FSS predictions in order to understand 

their strengths and weaknesses and guide future improvements. Rigorous verification of 

weather forecasts has been a cornerstone in meteorology for decades, targeting a diverse 

range of users including model developers, administrators, forecasters and the public (Jolliffe 

& Stephenson, 2012; Wilks, 2013). Murphy’s essay on what constitutes a good weather 

forecast (Murphy, 1993) defines forecast quality through a number of attributes such as 

accuracy, association, discrimination, and so on. Whilst accuracy is frequently used as the 

primary measure of quality, Murphy points out that no single attribute is likely to encapsulate 

the quality of a complex, multi-dimensional entity such as a weather forecast – especially if 

quality means different things to different users! Therefore, a suite of metrics is generally used 

to describe several aspects of quality.  

A related but different concept to forecast quality is forecast value. This has been explored 

extensively in the field of weather forecasting (e.g. Murphy & Ehrendorfer, 1987; Richardson, 

2000). Whilst beyond the scope of this work a future extension could build on this investigation 
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and explore the risk management applications, economic value and life-saving potential of fire 

spread simulators.  

User-oriented evaluation focuses on the needs of forecast users and their perceptions of 

forecast quality. This contrasts with the traditional scientific approach to evaluation which is 

commonly geared towards the improvement of forecasting models (e.g., Jolliffe & Stephenson, 

2012).  

In this project the user-oriented evaluation methodology follows an iterative cycle of 

consultative collaboration with users, methodology development, and frequent provision of 

updates to users. This iterative process ensures that user needs are met, ideas are shared 

and refined, and any unanticipated challenges have a better chance of being overcome.  

This consultative process was initiated formally at an FSS evaluation workshop at the New 

South Wales Rural Fire Service (NSW RFS) in February 2016, and complemented by 

discussions with fire behaviour analysts (FBANs), FSS developers, and operational decision 

makers at the NSW RFS, Melbourne University and the Victorian Emergency Centre. This 

resulted in draft evaluation requirements included in Appendix A, and a set of use cases shown 

in Appendix B, that is, scenarios in which fire spread simulators are currently (or could be) 

used. Use cases important to users include, for example: 

• FBAN (Stuart Matthews, NSW RFS): during a fire event multiple simulator runs are 

carried out at different stages, usually every time an updated observed fire perimeter 

is available; and 

• FSS developer (University of Melbourne Phoenix team): attempting to quantify the 

uncertainty in weather inputs to the simulator to assist in the discrimination of model 

errors and simulator input errors. 

The evaluation methodology should assess FSS quality with respect to these use-cases. (This 

may require distilling the use-cases in to a set of questions to be answered).  

This document outlines a novel methodology for evaluating fire spread simulators. Key 

elements of the evaluation methodology include a multi-simulator, multi-case study approach, 

adoption of relevant weather forecast verification practices, and user-oriented development. 

A number of FSS and model evaluations have been published in the scientific literature. 

Evaluations have tended, though not always, to be limited to a single simulator or model and/or 

a single case study. At least one meta-study is available (Cruz & Alexander, 2013) though 

each model was generally evaluated against a different fire.  

With multiple FSSs and multiple fire event case studies, running each FSS across the same 

set of fire events will provide insight into the strengths and weaknesses of individual FSSs for 

a range of Australian fuels, topographies and weather conditions as well as enabling direct 

inter-comparison of FSSs. Whilst similar proposals have been made (Duff et al., 2016; Kelso 

et al., 2015), to our knowledge this is the first attempt at an evaluation exercise on this scale.  

The next section describes an evaluation methodology comprised of the following components: 

1) a set of FSSs to be evaluated, 2) a set of fire case studies around Australia which will form 

the evaluation ‘test bed’, 3) the use of ‘area burned’ as the primary fire characteristic against 

which FSS quality will be assessed, 4) the proposal of a set of metrics to compare the area 
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burned predicted by the FSSs against the observed area burned, and 5) the estimation of 

uncertainty and its impacts on fire spread simulations for a number of inputs, including weather 

and fuel data, that drive the operation of FSSs.  

The final section discusses how the findings of the evaluation should be communicated during 

the evaluation exercise and also as a final report. That section formalises the collaborative 

evolution of this evaluation methodology by recommending stages for review throughout the 

evaluation exercise. 

2 Evaluation methodology 

2.1 Simulators 

This project evaluates four different fire spread simulators1: 

• Aurora/Australis (Johnston et al., 2008); 

• Phoenix (Tolhurst et al., 2008); 

• Pandora/Prometheus (Tymstra et al., 2010); and 

• Spark with fire spread workflow(s) (Framework design by CSIRO). 

It is possible that different release versions of one or more of the above simulators may also 

be evaluated. 

A host of variables are predicted by fire spread simulators. These vary from simulator to 

simulator but common elements are typically: 

• Burned area; 

• Fire rate of spread; 

• Fire intensity; 

• Spotting distance and direction; and 

• Flame height. 

However, whilst these variables may be predicted they can only be verified if associated 

observations exist. Otherwise, only an inter-comparison of predicted values is possible. 

2.2 Case studies 

By agreement with the NSW RFS and Australasian Fire and Emergency Service Authorities 

Council (AFAC), the project will evaluate simulator performance against ten fire case studies, 

for which “good quality” verifying fire behaviour data exists, across a range of physical and fire 

weather environments. Fire agencies that operate in most State jurisdictions were requested 

to suggest events that might be suitable, together with an assessment of the quality of verifying 

data, and in early May 2016 a table of candidate events, for which good quality validating data 

was available, was circulated and agreed by agency representatives. The events are tabulated 

in Table 1 below. A more detailed summary of each fire event is provided in Appendix C. 

                                                
1 This is subject to the simulators being available to the Bureau for the purposes of this evaluation. 
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Table 1. Fire event case studies for evaluation 

Location 

(fire case 
study name) 

Start 
date of 
event 

Date(s) for 
evaluation 

State 
Predominant 

Fuel 

Fire 
Danger 
Index* 

Comments 

Ballandean 27/10/14 27/10/14 QLD Grass/forest VH 
Based on AWS. DF 

from spot forecast. 

Cobbler Road 08/01/13 08/01/13 NSW Grass SEV 

Based on AWS 60 km 

away. DF from spot 

forecast. 

North 

Grampians 
15/01/14 17/01/14 VIC Forest/grass EXT 

Based on AWS. DF 

from spot forecast. 

Pinery 25/11/15 25/11/15 SA Crop/grass CAT BoM report 

Sampson Flat 02/01/15 02/01/15 SA Forest EXT BoM report 

State Mine 16/10/13 
16/10/13 

17/10/13 
NSW Forest/heath SEV Ching et al study 

Wambelong 12/01/13 13/01/13 NSW Forest  CAT Sharples report 

Waroona 06/01/16 06/01/16 WA Forest  SEV McCaw report 

Wuthering 

Heights 
13/01/16 

26/01/16 

27/01/16 
TAS Forest/moor L-M 

BoM report. Fire 

affected AWS 

Wye River 19/12/15 25/12/14 VIC Forest/coastal VH Leonard et al report 

 

2.3 Metrics 

Generally, a single metric will likely be insufficient to convey all aspects of the quality of a 

prediction. This has been noted more generally in the fire spread evaluation literature (Duff et 

al., 2016) and is also acknowledged in the field of meteorology (Murphy, 1993; Wilks, 2011). 

Instead, a range of metrics is preferred and it is quite possible that the choice of metrics may 

have to evolve as the evaluation progresses. Table 2 outlines, from a sample of the literature, 

the metrics that the fire science community have used to evaluate fire simulator outputs.  

Table 2. Fire spread simulator evaluation metrics 

Characteristic Metric References Notes 

Rate 
of Spread 

 

RMS Error 

Cruz & Alexander, 
2013 

+/-35% error interval for forward rate of 
spread. 

Mean absolute error 

Mean absolute percent 
error 

Mean bias error 

Percent under/over-
predicted 

Correlation coefficient 
Rothermel & 
Rinehart, 1983 

Extensive use of scatter plots, choosing 
models and applying corrections i.e. 
calibrating based on linear regression. 

(Spotting) 
Distance 

Abs values percent 
difference 

Storey et al., 2013  

(Spotting) 
Direction 

Absolute values difference Storey et al., 2013  

Deviation angle Duff et al., 2016  
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Characteristic Metric References Notes 

Shape 
Perimeter difference 

vectors 
Duff et al., 2013 Use of rose diagrams. 

Burnt Area 
(as function of 

time) 
 

Area difference index 
Duff et al., 2016 
 

 

Shape deviation index Cui & Perera, 2010  

Maps forecast/observed 

Storey et 
al.,unpublished  
Fujioka, 2002 
Filippi et al., 2014 

 

Area intersection -  

Sorensen similarity index Perry et al., 1999  

Jaccard similarity 
coefficient 

Filippi et al., 2014  

Cohen’s Kappa statistic 
Kelso et al., 2015 
Arca et al, 2007 
Finney, 2000 

This is the Heidke skill score 

Radial spread 
distance/ratio 

Fujioka, 2002 

A little like bias in that can get 
compensating errors. 
Measures are defined from the spread 
distances of actual and simulated fires 
at specified points around their 
perimeters. 
Error vs theta & 2D maps 

Arrival time agreement Filippi et al., 2014. 

Uncertainty in fire ignition times, rather 
than comparing temporally matched 
time snapshots try to incorporate model 
dynamics. 

Shape agreement Filippi et al., 2014i Try to incorporate model dynamics 

(Relative) Simulation Error 
Index 

Cui & Perera, 2010  

Abs Predicted & observed 
values and difference 

Storey et al., 2013  

Co-burnt percent 
difference 

Storey et al., 2013  

 

Further scrutiny should ensure that the metrics ultimately selected will address the questions 

that emerged from the user-oriented analysis. To assist with this Table 3 categorises spatial 

verification approaches and which types of forecast errors they measure. 

Table 3. Categorising metrics to assess characteristics 

Category 
Timing & 

location errors 
Intensity 

errors 
Structure 

errors 
Occurrence (hits, 

misses, false alarms) 

Traditional 
(gridpoint) 

× ✓ × ✓ 
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Category 
Timing & 

location errors 
Intensity 

errors 
Structure 

errors 
Occurrence (hits, 

misses, false alarms) 

Area-based × ✓ × ✓ 

Complex/ Features/ 
Deformation based ✓ ✓ ✓ ✓ 

 

Evaluation requirements captured (Appendix A) from the perspective of the NSW RFS focus 

on predicted isochrones of area burned and arrival time maps. The aspects of quality of these 

predictions deemed to be of most importance relate to “the where and the when” and included: 

• Biases in the rate of spread; 

• Direction bias; and 

• Avoiding misses with a greater tolerance for false alarms. 
 

Based on these requirements a simple set of evaluation metrics based on area, direction, rate 

of spread can be employed. As a starting point we propose the following set of evaluation 

metrics be used and refined as necessary: 

 

Figure 1. Schematic representation of a predicted and observed area burnt by fire. 

 

1. Area Metric: Area difference index (ADI) is a relatively simple metric that includes the 

concepts of ‘misses’ and 'false alarms'. Consider the burnt area predicted by an FSS 

(red) and an actual, observed burnt area (blue) as shown in Figure 1. The area 

difference index is a ratio of the non-overlapping to overlapping elements of the 

predicted and observed areas. That is, the ratio of misses (M) and false alarms (FA) to 

hits (H): 

 𝐴𝐷𝐼 =
𝐹𝐴+𝑀

𝐻
  Equation (1) 

2. Direction Metric: Direction difference is simply the absolute of the angle between lines 

IO and IF in Figure 1. 
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3. Rate of Spread Metric: Mean absolute error (MAERoS) is the absolute difference 
between the predicted and observed rates of spread and is the metric widely reported 
in the literature for rate of spread. Using Figure 1 as an example, assuming that: 
 

• rate of spread refers to the active, forward fire front; and 

• the predicted and observed burned areas started at the same point in time and 

that their current extent is also for the same point in time. 

Then MAE can be determined from the length of the lines IO and IF and the time from 

ignition, t: 

𝑀𝐴𝐸𝑅𝑜𝑆 = | 
𝐿𝐼𝑂 − 𝐿𝐼𝐹 

𝑡
|   Equation (2) 

More complex metrics, which can be adapted from weather verification field, will target more 

specific model output properties:  

 
4. Shape Metric: A spatial verification method will be adapted to objectively decompose 

spatial error into rotation, lateral and longitudinal stretch components.  
 

5. Timing Metric: A modification of the Kappa metric, which is not domain dependent. 

 

2.3.1  Validating metric suitability 

The selection of metrics to measure properties of the forecast must correlate with the 

subjective measures that expert users make to assess simulator quality. We will perform a 

survey of expert users for the fire dataset to determine if these metrics are suitable. A 

subjective evaluation is beneficial in a few ways:  

• It provides a sort of reality check on the objective metrics that gives all stakeholders 

the confidence to trust that the objective verification statistics actually mirror their 

subjective opinion; and 

• It helps in selecting the best metrics to use – ideally we want the smallest set that 

assesses the forecast attributes of most interest.  

2.4 Uncertainty analysis of metrics and inputs 

There is substantial uncertainty associated with FSS inputs such as weather and fuel data 

(Alexander & Cruz, 2013; Cechet et al. 2014; Finney, 2000; Kelso et al., 2015). An uncertainty 

analysis explores the impact of this uncertainty on the FSSs predictions. This analysis tests 

different weather input sources from the Bureau (especially official forecast grids, but 

potentially also spot forecasts and observations) and, based on experience in probabilistic 

weather forecasting and weather forecast verification, develops ‘defensible’ uncertainty ranges 

or distributions for weather. An outline of the approach taken to weather perturbation is 

included in Appendix E. 

Fuel data inputs have uncertainties that are as great, if not greater than, weather uncertainties 

(French et al., 2014), which will need to be explored as a part of the evaluation, since variations 
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of inputs to simulators will lead to variations of simulator outputs. An outline of the approach 

taken to fuel load perturbation is included in Appendix F. 

Realistic perturbations will be applied to weather and fuel load inputs to test the resulting 

impacts on FSS predictions. In the first instance the approach will be simple, following the 

methodology promoted by Queensland Fire and Emergency Services (QFES) and Simulation 

Analysis-based Risk Evaluation (SABRE) using a sampling of a uniform distribution for each 

input (sample size will initially be small – 100 samples). We will estimate the distributions for 

each of the inputs based on expert knowledge and, as appropriate, increase the density of 

sampling to better estimate metric distributions.  

2.4.1  Sensitivity analysis 

We consider the problem of estimating parameter sensitivity for these models to be non-trivial given the 

number of input options that can be varied as shown in Figure 2. It is envisaged that a sensitivity analysis 

will measure the responsiveness of an output with respect to the altered model parameter. These outputs 

will help in understanding the robustness properties of the simulators as well as identifying the important 

reactions for a specific output. 

2.5 The extent of the proposed multi-dimensional analysis  

The combination of variables described earlier that will be considered in this work includes: 

 

• Multiple simulators; 

• Multiple fire case studies; 

• Multiple observations; 

• Multiple metrics; and 

• Uncertain inputs. 

 

The input variable set leads to a highly multi-dimensional evaluation exercise resulting in a 

large number of permutations and, therefore, verification statistics as illustrated in Figure 2. An 

example path, or permutation, is highlighted in green. In this case Phoenix is used to simulate 

the Ballandean fire at the time of the first observed burned area isochrone. A fire direction 

metric is calculated by comparing the predicted burned area with the observed burned area. 

This exercise is then repeated many times with the only difference in each run being that wind 

direction is sampled from within calculated uncertainty bounds or a calculated uncertainty 

distribution. Instead of a single wind direction error statistic this yields a distribution of fire 

direction statistics. 
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Figure 2. ‘Explosion’ of permutations in the proposed evaluation approach for the case studies. 

 

This same process is then repeated for the remaining Phoenix inputs (temperature, ignition 

location etc.), the remaining metrics, the remaining fire case studies and finally for the other 

FSSs. The resulting performance statistics provide an objective measure of quality for each 

FSS as well as enabling inter-comparison between FSSs. 

 

 

2.5.1 Proposed approach to the visualization of simulation runs 

The results of the many simulator runs will need to be visualized in a manner that allows the 

evaluator to sensibly understand the impact of perturbing the input variables. As described in 

Section 2.5 there will be a large number of variations of inputs, which will lead to a large number 

of outputs. An example visual representation is shown in Figure 3, which plots the variable of 

interest (ignition point), the Area Difference index (ADI) quality metric and the range of 

forecasts, ranked by selecting descriptive points on the ADI distribution (minimum, median and 

maximum). For each case study, simulator and metric visualization will provide a summary of 

the metric distribution. This will aid in the understanding of the quality of the simulator and how 

it compares to average simulator performance across all case studies and simulators. Through 

examples, we will demonstrate that the proposed method can be effectively deployed to provide 

an unbiased estimation of simulator “performance”. 
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Figure 3. Experimental visualisation of preliminary evaluation results. 

 

2.5.2 Measuring simulator performance 

Following the approach used in climate science (Gleckler et al., 2008) we will compare the 

relative performance of simulators. An example of the proposed approach follows, where the 

first step (for a single case study) would be to estimate the metric distributions for each 

simulator as shown in Figure 4. 



Bushfire Predictive Services             Released: 11/05/17 

Version: 0.7474 Fire spread simulator evaluation methodology Page 16 of 40 
 

 

Figure 4. Example metric distributions (indicative only) 

Given a set of metric distributions it is then necessary to reduce the data by combining all 

samples for all simulators to form an estimate of metric distributions representative of all 

simulators as shown in Figure 5. 

 

Figure 5. Example combined metric distributions 

 

From the distribution of metrics across all simulators it is possible to compute a relative 

difference of each simulator, which describes if a simulator is better or worse than (the average 

of all) simulators as illustrated in Figure 6. 

 

 

Figure 6. Example relative comparison of simulators 
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2.5.3 Performing a user-oriented simulator comparison 

Reducing the amount of information presented to stakeholders is important, thus specifically 

targeting the presentation to questions that are relevant is an additional difficulty. An example 

of the depth/complexity of data that could be collected is shown in Figure 7 when only three 

input variables are present and three case studies are summarised (noting this representation 

is already a form of dashboard summary of the underlying data simulation outputs).  

 

Figure 7. An example of three case studies and three input variable tables 

 

Making sense of a large number of summary tables is both necessary and challenging. To 

address this problem, we propose a summary that is based on user interaction, where metrics 

and case studies are weighted interactively by users to form specific comparisons of interest, 

as shown in Figure 8. The weighting is a form of stratification and data reduction, which could 

also extend beyond simulator characteristics to include properties of inputs (such as fuel 

groups).  

 

 

Figure 8. Example user-oriented weighted comparison of simulators 
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3 Implementation 

To deliver an analysis the following steps will be followed to produce outputs, subject to the 

required due-diligence and approval processes being signed off by all parties – the business 

owner of shared repositories is yet to be determined. These repositories will hold and make 

available the following deliverables from this investigation: 

• The agreed case study data sets (fuels, shape files and other data layers) with 

accompanying grant of copyright documentation; 

• The agreed calculation metrics encapsulated in Jupyter notebooks; 

• The simulator agnostic execution software; 

• The raw simulator outputs from the various assessments; and 

• The agreed visualisation and simulator comparison frameworks encapsulated in 

Jupyter notebooks 

3.1 Technologies employed with definitions 

The following elements constitute the building blocks used to deliver and share the case study 

data sets, agreed matrix, investigation outputs and analysis when applying this approach. 

1) Jupyter notebooks: interactive web-based python documents that provide a way to 

share both code and outputs. Notebooks can be executed on any platform and help to 

enable reproducible research: http://jupyter.org/; 

2) Private data repository: a storage space for datasets or outputs, which can be made 

accessible to end-users. The Bureau prefers to (initially) use existing technology, which 

is a registered user ftp-site for this task; and  

3) Private code repository: a privately available version control system, which enables 

sharing of software in a principled and controlled manner, such as GitHub or another 

similar service. GitHub is a web service that provides an easy to use interface that 

allows external stakeholders access to software: https://github.com/about  

3.2  Proposed implementation steps 

1. Appropriate datasets will be acquired, sufficient to run (and compare) simulators for 

the case studies outlined in Section 2.2. 

a. Datasets will be placed in a private data-repository. 

b. Outputs will be stored and shared in a private data-repository  

 

2. Form a reference implementation of the metrics described in Section 2.3. 

a. Metric implementations will be shared through a private code-repository. 

b. Metrics shared via a private code-repository will be reviewed by key technical 

contributors.  

 

3. Based on the simulations we will perform a subjective comparison of simulator output 

using a survey, as described in Section 2.3.1. 

http://jupyter.org/
https://github.com/about
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a. A digital survey will be circulated both within BoM (expert users) and to 

regional experts in fire agencies (i.e. Survey Monkey or similar); and 

b. Results will be made available in a final report which will be distributed by e-

mail as well as stored and shared in a private data-repository. 

 

4. Using the multi-dimensional input variation, we will estimate the metric distributions, 

as described in Section 2.4. 

a. A simulator agnostic execution software will be made available using a private 

code repository;  

b. Simulator outputs will be stored and shared in a private data-repository; and 

c. Metric distributions will be stored and shared in a private data-repository. 

 

5. Using derived metric distributions, a set of visualizations will be generated to describe 

the properties of the simulator output. 

a. Interactive Jupyter notebook visualizations will be formed and shared, to 

permit interactive user comparison. 

 

6. The metric distributions will be used to perform a relative comparison of simulators 

following the approach described in Sections 2.5.1 and 2.5.2. 

a. Jupyter notebook visualizations will be formed and shared. 

 

The implementation steps will conclude with the preparation of a report targeted to our 

stakeholders, which will also include commentary and input from expert users. The report will 

provide a summary of the findings, the published metric distributions and simulations will 

support further work and interactive notebooks will allow stakeholders to adjust the relative 

importance of output characteristics for comparison. 
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4 Stakeholder endorsement and sign-off on investigation 

approach 

(a) We are seeking: endorsement of quality and approval to circulate this document as a 
project deliverable from the signatories below.  

 

Project Executive Approval: 

ADS: 

 

Ms Ann Farrell 

 

  

 

Project Director: 

RDTAS: 

 

Mr John Bally 

 

  

 
(b) We are seeking: endorsement and approval to act on the proposed methodology by 

following the steps listed in the implementation chapter. Endorsement acknowledges 
that the methodology may be changed through documented discussion during the 
project with the signatories below.  

 

AFAC 

Manager of Predictive Services: 

 

Mr Greg Esnouf  

 

  

 

RFS NSW 

Manager Of Community Planning: 

 

Dr Simon Heemstra 
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Appendices 

A. Evaluation requirements for fire spread simulators 

This document provides an example of a completed evaluation requirements template 

designed to assist in the development of an evaluation approach for fire spread simulators. 

The template in Figure 9 has been adapted from a Bureau internal document that aims to 

capture information on the myriad of factors that should be considered when designing a 

verification or evaluation scheme for a given product or group of products.  

 

 

Figure 9. Factors to consider when designing a verification scheme. 

 

A template should be completed for each forecast type and for each user if it appears that 

their verification requirements may differ in significant ways. The particular example included 

below identifies factors important in the systematic evaluation of Phoenix isochrone output 

from the perspective of a fire behaviour analyst. The template was completed as part of a 

video-conference convened by the Bureau with Stuart Matthews from the New South Wales 

Rural Fire Service providing the input. Some minor additions were made following the video-

conference, which have been agreed to by all involved.  

 

1. Forecast or product to be verified 

What is the forecast or product? Phoenix isochrones, raster map of arrival 
times 

2. User of the verification (complete for each type of user): 

Who is the user? Fire behaviour analyst 
 

Forecast or product to be verified

User of the verification 

Characteristics of the forecast

Available observations and their 
characteristics

Verification approach

Software tools and systems

Communication of verification results

Using verification results to support a 
process of continuous improvement
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How do they use the forecast? Decision support  
 

What aspects of forecast quality are 
important to them (e.g., bias, timing, absence 
of large errors, etc.)? 

Biases in the rate of spread and direction? 
Right place right time. 
Avoiding misses. 
Can tolerate false alarms. 

For this user, what are likely to be the most 
effective ways to describe forecast 
performance (charts, statistics, verbal 
description, etc.)? 

Maps and summary statistics  

Can the user participate in the design of the 
verification – if so, how? 

Absolutely – iterative drafting  

3. Characteristics of the forecast 

Variable(s) and units Where (location) and when (hours, minutes), 
speed that forecasts can be generated by the 
simulator 

Spatial domain Varies by event – rectangular box 
surrounding the fire  
 

Point / area / grid (resolution) Area (polygon)  
Note on Projections. Data will arrive in 
whatever projections each jurisdiction uses, 
local UTM or LCC seem be most common. I 
don't think we can use the same projected 
coordinate system for the whole country. 
Phoenix requires data to be in a projected 
coordinate system. Not sure about the others, 
I think Spark will accept data in a variety of 
formats and converts to a PCS internally. I 
will ask for advice from our GIS people. 

Forecast range  At least 6 to 12 hours. Up to 4 days. In 
practice 24 hours max. 
 

Temporal resolution of output Hourly – can do half hourly 
 

Instantaneous / averaged / accumulated Accumulated 
 

Update frequency Variable and driven by changes in input data 
(new weather grids or fire intelligence). 
Multiple simulator runs for a given event - usually 

every time there is an updated perimeter. Small 

fires may only have one run, possibly none. 

Resource dependent. 

4. Available observations and their characteristics 

Variable(s) and units – same as forecast, or 
proxy? 

Line scans + GPS track from aircraft, GPS 
track from ground vehicles and some manual 
maps, satellite 
 

Spatial domain Varies by event 
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Point / area / grid (resolution) Raster grid, manually converted to area 
(polygon) Interpretation & uncertainties to be 
borne in mind, jurisdictional variability. 
 

Observation time(s) Ad-hoc / up to a few times a day / sometimes 
only one 

Temporal resolution - 

Instantaneous / averaged / accumulated Accumulated 
 

Available in real time or post-real time? Post-real time (within half hour) 
 

What quality control may be required?  Occluded linescan datasets and 
interpretation errors – measurement error or 
wrong projection. 
Note incomplete isochrones may still be useful. 

5. Verification approach  

Systematic or event-based Event based. But synthetic cases may also be 

useful. 

Automated or manual? Manual 
 

Objective or subjective or both? (Statistics 
are objective, chart comparisons are 
subjective) 

Both 

Which metrics and diagnostics will best meet 
user needs identified in (2)? Keep as simple 
as possible, and also cross check against 
existing practices and any international 
guidance 

TBC – deterministic/probabilistic? 

Who will be responsible for the verification? BoM  
 

How often will it be done? Once or as needed 
 

What reference forecast is a relative 
comparator (persistence, climatology, other 
model, etc.)? 

Manual forecast performed during the event 
– isochrones (subset of events) – choosing 
an FBAN? Alternatives? Perhaps we don’t 
need this. 
 

What aggregation/stratification of results can 
help interpret the verification? 

Depends on the available data but possibly: major 

structural types (forest, grass, heath), and 3 levels 

of FDI --> 9 cases, then refine further 

 

6. Software tools and systems  

Source/database for forecasts Runs of a fire spread model (ADFD, Spot 
Forecasts, Fuel Layers, Topography, Spatial 
data)  
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Source/database for observations Supplied – do you change the fuel to run on 
current model or change models to run on diff 
data. Can we measure adaptability of 
simulators. Can they run on common fire 
behaviour inputs: fuel load, fuel structure, 
canopy density. Rather than being based on 
particular fuel-type. 
 

Reading forecasts and observations from file 
or database 

Possibly both 

Matching simulations and observations 
(spatial or temporal interpolation, regridding, 
etc.) 

Inter-comparisons should aim to use a 

common grid, preferably that of the 

observations. Possible need to subset parts of 

fire events. 

Computing metrics and diagnostics TBC 

Displaying verification results TBC 

Archiving and retrieving verification results TBC 

Aggregating verification results (e.g., 
seasonal statistics) 

TBC 

7. Communication of verification results 

Can a tiered approach be used – start simple 
and drill down? If so, how? 

Yes. Structured document. Archive the data 
for further drill down. 
 

What media are most appropriate for 
communicating results (web, annual report, 
etc.)? 

Structured document and available archive of 
datasets. 

How can the results be made relevant in 
terms of economic benefit, advantage over 
competitors, improvement with time, etc.? 

Inform choice of model, justifying operational 
decisions  

8. Using verification results to support a process of continuous improvement 

Where can users easily find results? Final published report. 

Do users understand what the results mean? 
Is training or other engagement required?  

After the completion of the project, 
conference presentations and workshop. 

What is the best way for users to use the 
results (e.g., to correct biases, to qualify 
confidence in forecasts, etc.)? 

Support decision making. 
Guide investment justifying operational 
decisions. 
Make suggestions for future model 
improvement.  
 

How can routine use of verification results 
become standard practice? 

Agency policy and doctrine.  

How can the verification be shown to improve 
the simulator? 

Communication of improvement to 
stakeholders. 
 

9. Additional notes or comments 
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Capability in an IT sense, can it be done automatically, no intervention, how quickly can it 
run. Drive how many people need to be involved. Comparison with automation at the Bureau. 
Not now but in the future. Outputs to smoke modelling, community impacts. Landscapes. 
Output looking model.  
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B. Agency use cases 

These figures depict the use cases that have been determined for the NSW RFS. 
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C. Summary of fire predictive model test case events 

 
a) Ballandean (started 27 October 2014) 

 

The Ballandean fire burnt through grass and forest in Queensland’s Southern Downs from 27 

October 2014, having started from a lightning ignition, and was contained by 2 November. 

The fire was unsuppressed for the first two days of its run, making it a valuable case study in 

this respect alone. 

 

b) Cobbler Road (started 8 January 2013) 

 

The Cobbler Road fire, which started under Severe fire danger conditions mid-afternoon on 8 

January 2013, burnt quickly, travelling 35kms and covering 14,000 hectares within six hours. 

It caused significant damage to farming country including extensive livestock losses. Much of 

the activity took place overnight on 8-9 January 2013. The strong westerly wind did not ease 

overnight and nearly 150 firefighters worked intensively to protect properties in the path of this 

remarkably fast moving grass fire. (RFS Bush Fire Bulletin, 35(1)) 

 

c) North Grampians (started 15 January 2014) 

 

Lightning started a bushfire in the Grampians on 15 January 2014. The fire coincided with a 

heatwave in the Grampians region, as temperatures exceeded 40 ⁰C between 15-20 January, 

and Forest FDI conditions were believed to be Extreme. The fire burnt 52,000 Ha of bush and 

farmland, destroyed 30 homes and killed 7000 sheep before being contained on 21 January. 

A pyrocumulonimbus generated by the fire produced more lightning, and lofted embers 

kilometres ahead of the fire front on 17 January. 

 

d) Pinery (started 25 November 2015) 

 

Hot and very dry conditions with strong north to northwest winds ahead of a strong and gusty 

west to southwesterly change affected much of South Australia on the 25th November 2015, 

leading to dangerous fire weather. Fire danger indices corresponding to the Catastrophic fire 

danger category occurred in the Mid North and Murraylands and very briefly in parts of the 

Eastern Eyre Peninsula, Riverland and North West Pastoral districts. Several fires occurred 

but the most serious was the Pinery fire in the Mid North district to the north of Adelaide. This 

fire ignited about midday, and was a fast running grass fire. The fire initially spread 

southeastwards as a long narrow fire, and when the wind turned, the long eastern flank 

became a broad front and the fire spread rapidly eastwards. About 82 000 hectares was burnt 

by the end of the day. Two people died, and several people suffered serious burns. Known 

losses include 87 homes either destroyed or significantly damaged, nearly 400 other 

structures, mainly farm sheds and outbuildings and 100 vehicles burnt. There were large crop 

and stock losses. The Pinery fire burnt from 25 November to 2 December 2015. (MWR Nov. 

2015) The Pinery fire was tracked with weather-watch radar, useful to constrain the fire 

progress. 
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e) Sampson Flat (started 2 January 2015) 

 

After a severe rainfall deficiency for Jul-Dec 2014, Adelaide recorded 44.1 ⁰C on 2 January 

2015, and 38.2 ⁰C on 3 January. The Sampson Flat fire started at around 12:20 pm 2 January 

in the Adelaide Hills, burning about 12,500 Ha and destroying 27 houses before it was 

contained on 8 January. Significant spotting from the fire was reported from about 2:20 pm on 

2 January. Extreme FFDI and GFDI were reported from the nearest AWS to the fire on 2 

January, with CHaines Index calculated at 13 on the Adelaide Airport 22:00 CST sounding. 

(from “Sampson Flat Fire Weather Conditions for 2 January 2015”, SA Regional Office). 

 

f) State Mine Fire (started 16 October 2013)  

 

State Mine Fire was one of approximately 100 fires that burnt in NSW in mid-October 2013, 

following a record warm September in the state. The fire was ignited by an explosives training 

exercise on Australian Defence Force land on 16 October, travelling up to 25 km on the 17th, 

in Severe FFDI conditions, eventually burning in excess of 55, 000 Ha and destroying five 

houses and damaging the historic Zig-zag railway. The fires that burnt in the Blue Mountains 

in October 2013 destroyed in total more than 300 homes (the Springwood fire, ignited on 17 

October, alone destroyed 195 homes).  

 

g) Wambelong (started 12 January 2013) 

 

During the week leading to the Wambelong fire, Very High to Extreme fire danger occurred in 

the vicinity of the fire ignition location, with Catastrophic fire danger forecast for the 12th, and a 

CHaines Index of 12-13. A fire started on the afternoon of the 12th, and burnt a large area on 

the 13th remaining uncontrolled for a week, burning eventually 56, 280 Ha and 53 houses 

(Coroner’s Report Warrumbungles fire). Extreme fire behaviour occurred, with lateral fire 

spread observed at times, and a pyrocumulonimbus cloud generated over the fire. 

 

h) Waroona (started 6 January 2016) 

 

The Waroona bushfire (Perth Hills Fire 68) was ignited by lightning in the Murray River valley 

south-east of Dwellingup and was detected at 0630 hr on Wednesday 6 January 2016. Burning 

under prevailing E to NE winds the fire made a series of major runs to the west, eventually 

burning to the Indian Ocean near Lake Preston. Around sunset on 7 January the fire burned 

through the town of Yarloop resulting in the loss of two lives, destruction of more than 100 

homes and severe damage to other buildings and infrastructure. The fire burnt a total area of 

69165 ha including 31180 ha of freehold land, making it the second largest individual fire in 

the south-west since the Dwellingup fire of January 1961. The fire was notable for its size and 

complexity, for the scale and duration of suppression operations, and for its significant social 

and economic impacts on the community of south-west Western Australia (from: 

Reconstruction of the spread and behaviour of the Waroona bushfire (Perth Hills 68, 6-7 

January 2016, McCaw et al 2016) 

 

 

 

i) Wuthering Heights (started 13 January 2016) 
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Over 70 fires started in western and northwestern Tasmania on 13 January 2016 from some 

2000 lightning strikes as a trough crossed the State. The four month period to the end of 

December 2015 had seen record low rainfall over the western 80% of Tasmania. The 

Wuthering Heights fire burnt for several days before running on the 19th in warm, dry conditions 

and again on the 26th into the 27th in fresh northeasterly winds. As with many of the other fires 

burning at the time, Wuthering Heights fire burnt into peat, making it very difficult to extinguish. 

In addition, the fire was not well-modelled by fire simulators, burning largely in Low-Moderate 

Forest FDI conditions (noting that FFDI is not the most appropriate fire index in the wet forest 

and moorlands within which much of the fire burnt). 

 

j) Wye River (started 19 December 2015) 

 

A lightning strike on 19 December started a small fire near Wye River. On Christmas Day the 

fire grew to 2080 Ha, destroying 116 homes in Wye River and Separation Creek, under Very 

High fire danger conditions. The fire continued to burn for several weeks in steep, difficult and 

heavily forested terrain. The event followed a heatwave in Victoria from 18-20 December. 

(MWR December 2015) 

 

 

-o0o- 
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D. Responses to feedback from the AFAC Predictive Services 

Group 

 

The following is an email response to questions and feedback regarding version 0.51 of this 

document received on July 20th 2016 from Jackson Parker. The email is from Nathan Faggian 

to Andrew Sturgess for dissemination to the working group. 

Dear Andrew, 

 
Please forward on the following comments to the PSG, which is the response (with input from 
Howard Jacobs and Stuart Matthews) to Jacksons questions. I apologize for the delay. 

 
1) Australis/ Aurora and I believe Spark are an implementation of standard fire spread 

models, are we testing the implementation or the fire spread model or the fire spread 
model or both? 

 
Simulator output is being compared, with the understanding that each simulator may 
employ different models and that testing the quality of a model is not in scope. 

 
2) Will the process set a particular model to be used for each of the 9 different sample fires. 

So each simulator will "ideally" have to have an implementation of this model? 
 

The simulators will be used in their operational configurations and will apply whichever 
models they would normally use based on their fuel type layers. 

 
3) As a minimum, simulators being trialed need to have the same resolution analysis "grid", 

whether that is regular or irregular. I believe PHOENIX runs at 120m or thereabouts. 
So, we'll need to create similar point cloud for Australis/Aurora runs? 

 
The default grid resolution for Phoenix is 180m (to the best of my knowledge) and I 
agree that we should be simulating at the same effective grid resolution. 
 
Another issue with simulators (as with all models that discretise continuous DEs) is grid 
size dependence. Given that issue, we will run the models at their preferred native 
resolution, provided there are not large discrepancies. The recommendation for 
Phoenix is ~6x the underlying data, which for 30m fuel/topo data is 180m cells. This is 
similar to the 200m average spacing for Aurora, given that the cells spacing’s for a 
180m Phoenix grid are 180m and root2*180m. I would prefer that Aurora runs at its 
operational resolution, or at least that Landgate test for cell size effects if they are going 
to use a higher resolution (hopefully they have already done that given they plan to 
move to 100m nominal spacing operationally fairly soon). 
 

4) How will the assessment take into account the suppression techniques that may have 
been employed at each of these fires? Will a list of firebreak widths, locations and fuel 
reduction be provided? What about aerial suppression? The report makes note that the 
Ballendean fire is a good test case because it went unsuppressed for the 1st two days 

 
None of the models being tested will be used with a suppression module (technically 
Phoenix does have one but it only useful for initial attack and won't be used for any of 
the test cases). Parts of fires where suppression had an effect on spread will be 
excluded. (We have done that for the NSW case studies but only including spread 
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mapping up to where suppression via back burning became significant. Will work with 
other states to do the same on their case studies). 

We will likely need to look at the individual case studies to assess any areas where the 
simulators show the fire spreading but the fire stops at obvious features like roads etc. 
This will be challenging because data is extremely poor in this area. 'Incident action 
plans' identify work to be done in a 12 hour shift but only at a strategic level and there 
is typically little documentation of what was actually done. (Aim to limit this analysis by 
focusing on the free running period of each case study). 

5) Should we start with the first fire shape available rather than a random ignition point as
suggested on pg. 13? 

My thinking is that we start with best known ignition point (which is then perturbed) and 
then inter-observation lines to compare fits from the simulators, which is dependent on 
having more than one reliable observation. Furthermore, making predictions from 
uncertain ignition points is a fundamental problem for using simulators operationally, 
so investigating sensitivity to ignition point is important. 

A few errors/omissions: 

[1]. The report references Kelso, et al 2015 in the main body but I can see no mention of this 
in the reference list. 
[2]. The "State Mine" fire is listed as having occurred on 16-25/11/2013 in the Appendix but the 
details below it refer to it starting on 16 October. 

Noted, thanks 
-o0o- 
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E. Strategy for weather parameter perturbation 

 
Section 2.4 of this report discussed the importance of perturbing weather parameters for 
simulator sensitivity analysis. Here, the approach taken is outlined. 
 
We perturb the weather parameters temperature, relative humidity, wind speed and wind 
direction to attempt to quantify the uncertainty in fire simulator weather inputs. How we perturb 
these parameters will influence the outcomes of the analysis and should be reasonable and 
justifiable. The approach taken is based on calculating the errors in forecast weather 
parameters as compared to AWSs.   
 
Forecast weather parameters are obtained from the most recently issued ADFD grids prior to 
the period, or phase, of the fire to be simulated. This may be the first phase of the fire 
immediately after ignition or a later phase representing a period of particular interest. The North 
Grampians fire, an example of the latter, is simulated from one fire observation, valid at 01:00  
AEDT 17th January 2014 to a later observation, valid at 10:00 AEDT on the same date.  
Consequently the ADFD grids issued at around 18:00 AEDT on 16th January 2014 are the 
most recently available issue for that simulation period. Forecast errors were determined for the 

period corresponding to the fire simulation period, that is from 01:00 to 10:00 AEDT on 17th January 

2014. 

To determine forecast errors, for each fire case study, up to three AWSs were selected based on the 

following criteria: 

• high reporting frequency (at least hourly) 

• proximity to the fire ground (out to a radius of ~100km - a compromise between having 

genuinely local observations and the desire to have observations from more than a single 

source) 

• comparable topographic elevation to the fire ground 

• being in the same ADFD state grid as the fire ground 

Figure 10 shows the AWS locations used for the weather input uncertainty analysis for the North 

Grampians fire. The green markers clockwise from top show: Horsham (~134m elevation), 

Longerenong (~133m elevation) and Stawell (~235m elevation). The AWSs were ~40 kilometres, ~35 

kilometres and ~30 kilometres respectively from the ignition location. 

Using the North Grampians fire as an example, temperature forecasts errors for the aforementioned 

ADFD grids issued at around 18:00 AEDT on 16th January are estimated by sampling the ADFD 

temperature grid valid at 01:00 at the three grid cells corresponding to the three selected AWSs shown 

in figure 10. The difference between the forecast grid cell value and the associated observed AWS value 

(forecast value – observed value) is taken to be the forecast error. This process is repeated for the 

temperature grid valid at 02:00 AEDT and so on through to 10:00 AEDT (10 grids sampled in 3 places 

= 30 forecast errors). This exercise is repeated for the 15 days prior to the fire and the 15 days after the 

fire (30 errors x 31 days = 930 errors). This provides a month of temperature forecast errors for the same 

period of each day at three locations relatively close to the North Grampians fire ground.  

The process is then repeated for the other weather parameters: relative humidity, wind speed and wind 

direction and then for all case studies. The end result for each case study is an 'error climatology' for 

each weather parameter that serves as an estimate for the forecast errors at the fire ground for the 

simulation period. Figure 11 shows these error climatologies, as histograms, for the four weather 

parameters of interest for the North Grampians fire. 
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Figure 10. North Grampians fire estimated ignition location (red marker) at an elevation of ~200m. 

Nearby AWSs are also indicated (green markers). 

 

  

  

Figure 11. Error climatologies for the North Grampians fire with summary statistics inset.  

 
Histograms such as these represent a measure of the uncertainty associated with the forecast 

weather parameters of interest and are used to perturb the ADFD forecast values. Thus, for a 

given FSS, multiple simulations are run with perturbations to the actual ADFD forecast value 

being determined by these error climatologies. Perturbation values are defined by calculating 

the 5th to 95th percentiles in five percent increments from the error climatology distribution. 

This provides a sampling approach weighted by the shape of the distribution (a tendency to 

cluster near the centre of the distribution) rather than a simple linear sampling of error values. 
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This provides 19 perturbations of the original ADFD weather parameter value. These 

perturbation values are shown in tables 4 to 7 for temperature, relative humidity, wind speed 

and wind direction, respectively. The end result is, instead of one, there are 20 weather 

parameter values (including the unperturbed, original forecast value) for each hourly ADFD 

grid. This allows 20 simulations instead of one for each weather element for each case study.  

As already noted the histogram only contains contributions from the time of day relevant to the 

fire simulation period (01:00 to 10:00 AEDT for the North Grampians fire) this is deliberate 

because diurnal forcing may play a role in the occurrence of forecast errors. Additional 

considerations relating to the use of error distributions for perturbing forecasts values are: 

• Avoiding unphysical perturbed forecast values: a large wind speed forecast error (e.g. 

-10m/s) applied to a small forecast value of wind speed (e.g. 1m/s) could lead to 

unphysical negative values. In this example the perturbation would be clipped to 0m/s 

rather than being set to -9m/s. The clipping idea is also applied to relative humidity. 

• Conditioning on wind speed – it is of little value verifying wind direction for very light, 

variable winds so wind direction histograms exclude errors for which the associated 

wind speed is less than 10km/h. 

This approach to estimating uncertainty in weather variables, is not without its limitations. 

Observations, like forecasts, are also subject to error. Observation error can be broken down 

into instrumentation error and representatively error. The former include malfunctioning 

instrumentation and also precision (e.g. in the AWS data used in this study wind direction is 

reported to the nearest 10 degrees). The latter relates to the comparison of forecast values 

representing area averages of up to ~30 square kilometres with point observations. This tends 

to be less of a concern with fields that are highly spatially correlated and slowly varying in time 

such as temperature but more of a concern for fields such as wind direction which tends to be 

highly variable spatially and temporally. 

Furthermore a limited amount of quality assurance/post processing was performed on the 

AWS observations (e.g. identification of a small number of spurious observations), temperature 

'correction' based on any height difference between AWS elevation and the ADFD topography 

grid and, lastly, application of a wind speed correction for AWS wind speed measurements 

identified as being at heights other than ten metres. Given more time it would have been 

preferable to use one-minute AWS data in preference to the hourly AWS data employed. One 

minute data is subject to more rigorous internal automated quality assurance and also, for wind 

direction, is reported in degrees. 

Lastly, the limitation of perturbing weather parameters in isolation is acknowledged. For 

example, in Victoria hot summer temperatures, of say ~40°C, tend to be associated with N or 

NW winds.  In a forecast scenario like this the application of wind perturbations under the 

current approach could lead to a swing in wind direction to the W or SW, directions which tend 

to be associated with significantly cooler temperatures.   However, because in this approach 

parameters are perturbed individually, the unperturbed very high forecast temperature would 

now be associated with a perturbed W or SW wind direction, a scenario that, in reality, is highly 

unlikely. To overcome this problem a means of providing physically consistent weather 

parameters would be required. A weather ensemble forecasting system would be one way of 

achieving this. 
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Table 4. Fire spread simulator temperature perturbations based on forecast error distribution percentiles  

Case Study 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 

Ballandean -2.3 -1.7 -1.3 -1.1 -0.9 -0.7 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.3 1.6 2 2.6 3.1 

Cobbler Road -2.6 -1.9 -1.1 -0.6 -0.2 0.1 0.3 0.6 0.8 1 1.1 1.3 1.5 1.7 2 2.3 2.9 4 5.7 

North Grampians -3.6 -2.9 -2.5 -2.1 -1.8 -1.5 -1.2 -0.9 -0.7 -0.4 -0.1 0.2 0.4 0.7 1 1.4 1.8 2.4 3.6 

Pinery -2.5 -1.9 -1.4 -1 -0.5 -0.2 0 0.3 0.5 0.7 0.9 1.1 1.2 1.4 1.7 2 2.3 2.6 3.2 

Sampson Flat -1.3 -0.9 -0.6 -0.2 0.1 0.3 0.4 0.7 0.8 1 1.1 1.3 1.4 1.6 1.9 2.4 3 4.2 5.9 

State Mine -1.1 -0.6 -0.2 0 0.2 0.4 0.6 0.7 0.9 1.1 1.2 1.4 1.5 1.7 1.9 2.2 2.7 3.5 5 

Wambleong -1.7 -1.2 -0.8 -0.4 -0.1 0.2 0.4 0.7 0.9 1 1.2 1.3 1.6 1.8 2 2.3 2.8 3.4 3.8 

Waroona -3.1 -2.1 -1.4 -1.1 -0.8 -0.5 -0.2 0 0.3 0.5 0.7 0.9 1.1 1.4 1.8 2.1 2.4 2.9 4.1 

Wuthering Heights -3.1 -2.1 -1.4 -1.1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.7 0.9 1.1 1.4 1.7 2.1 2.7 3.5 

 Wye River -1.9 -1.1 -0.5 -0.1 0.1 0.4 0.5 0.7 0.8 1 1.1 1.3 1.5 1.7 1.9 2.2 2.5 3 3.7 

 

Table 5. Fire spread simulator relative humidity perturbations based on forecast error distribution percentiles 

Case Study 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 

Ballandean -23.6 -15.4 -11.7 -9.1 -7.7 -6.7 -5.6 -4.6 -3.8 -2.6 -1.5 -0.5 0.3 1.4 2.3 3.8 5.1 6.9 9.8 

Cobbler Road -28.5 -15.9 -11.3 -8.3 -6.6 -5.5 -4.7 -3.9 -3.1 -2.2 -1.3 -0.8 -0.1 0.9 1.9 2.8 3.8 5.7 8 

North Grampians -18.7 -13.9 -11.6 -9.6 -7.5 -5.9 -4.8 -3.2 -2.1 -1.2 0.1 1.3 2.8 4.3 6.1 8.2 10.7 13.8 17.9 

Pinery -17.6 -14.2 -11.9 -9.9 -8.3 -6.8 -5.6 -4.8 -4 -3 -2 -1.4 -0.6 0.3 1.3 2.5 4 6.2 9.8 

Sampson Flat -34.9 -20.2 -13.1 -10.7 -9 -6.8 -5.7 -4.7 -4.1 -3.3 -2.1 -1.4 -0.9 -0.4 0.2 1 2.3 3.3 5 

State Mine -28.1 -20.6 -17.8 -15.8 -13.5 -12.4 -11.4 -10.2 -9.1 -8 -7.1 -6.1 -5 -4.1 -2.9 -1.2 0.3 2.1 4.9 

Wambleong -17.3 -12.7 -9.9 -8.8 -7.7 -6.4 -5.7 -5 -4.2 -3.3 -2.7 -2.1 -1.2 -0.5 0.7 2 2.9 5.8 9.1 

Waroona -16 -11.2 -8.2 -6.2 -5 -3.9 -3 -2.3 -1.6 -0.9 -0.2 0.6 1.2 1.9 2.5 3.2 4 5 8.1 

Wuthering 
Heights -18.7 -14.8 -11.7 -10.1 -7.3 -5.6 -3.7 -2.2 -0.6 0.6 1.9 2.9 4 5.9 7.2 8.8 10 12 15 

 Wye River -23.3 -18 -15.9 -14.7 -13.7 -12.8 -12 -10.7 -9.6 -8.4 -7.7 -6.7 -5.7 -4.2 -3 -1.4 0.7 2.5 5 
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Table 6. Fire spread simulator wind speed perturbations based on forecast error distribution percentiles 

Case Study 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 

Ballandean -9.3 -6 -3.7 -1.6 -0.4 0.7 1.7 2.6 3.5 4.3 5.7 6.7 7.6 8.6 10 11.2 12.9 15 19.2 

Cobbler Road -14.4 -11 -9 -7.6 -6.5 -5.4 -4.6 -3.9 -2.8 -1.9 -1.1 0.1 0.9 2 2.9 3.7 5.3 8.3 11.4 

North Grampians -8.4 -5.8 -4.3 -3 -2 -1.2 -0.4 0.2 1.1 1.7 2.5 3.2 3.8 4.5 5.3 6.1 7.3 8.6 10.4 

Pinery -10.9 -7.4 -5.1 -3.7 -2.2 -1.2 -0.4 0.6 1.6 2.5 3.4 4.1 5.2 6.2 7.3 8.8 10.6 12.2 14.9 

Sampson Flat -11.5 -9.2 -7.3 -5.5 -4.6 -3.5 -2.5 -1.8 -1 -0.3 0.7 2 2.8 3.4 4.1 5.5 7.1 9.1 12.3 

State Mine -6.9 -5.5 -4.5 -3.5 -2.1 -1.3 -0.3 0.5 1.6 2.7 3.8 5.1 6.7 8.8 10.7 12.8 16 19.5 25.1 

Wambleong -12.5 -11.1 -9.5 -8.4 -7.5 -7 -6.4 -5.7 -5.1 -4.5 -3.7 -3.1 -2.4 -1.6 -0.7 0.2 1.6 3.9 8.9 

Waroona -5.3 -3.6 -2.8 -1.9 -1.1 -0.4 0 1 1.8 2.5 3.1 3.7 4.4 5.1 5.8 6.7 7.6 8.7 10.4 

Wuthering Heights -13.5 -9.9 -8.3 -6.9 -5.6 -4.6 -3.5 -2.6 -1.8 -0.9 0.1 1.2 2 3.2 4.2 5.5 6.9 9.5 13.1 

 Wye River -12.1 -9.1 -7.4 -5.2 -3 -1.5 -0.1 1.1 2.1 3.2 4.3 5.4 6.8 7.7 8.6 10.2 11.7 14.3 17.9 

 

Table 7. Fire spread simulator wind direction perturbations based on forecast error distribution percentiles 

Case Study 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 

Ballandean -58.5 -38.7 -28.9 -22.7 -17.3 -12.7 -7.3 -3.6 -1.3 2.1 5.3 8.4 11.9 16.4 20.4 28.8 38.6 51.6 74.3 

Cobbler Road -54.7 -34.8 -26.9 -21.1 -17.2 -13.7 -10.8 -8.2 -3.5 -0.5 2.6 6.2 10.1 15.2 21 27.8 44.3 59.4 110 

North Grampians -58 -41.8 -32.5 -25.4 -22.5 -18.2 -15.7 -12.1 -9.2 -6.5 -5 -2.4 0.2 2.7 5.3 9 14.4 20.9 32.1 

Pinery -47.8 -27 -20.3 -16.1 -12.3 -9.2 -5.4 -2.8 -0.8 1.6 3.7 6.3 9.8 12.9 15.9 19.3 25.2 32.4 47.2 

Sampson Flat -62.5 -36.2 -23.7 -16.7 -11.6 -5.9 -2.3 0.9 4.5 8.8 12 14 17.2 20.3 24.1 31.8 40.4 55.3 98.1 

State Mine -56.5 -39.2 -29.8 -23.9 -20.2 -15.8 -11.9 -8.6 -5.4 -2.4 1.2 4.3 8.4 12.3 18.3 23.3 30.1 38.2 51.4 

Wambleong -80 -50.6 -41.2 -30.8 -25.4 -22.1 -17.4 -10.8 -8.6 -4.6 -1.2 4.7 9.9 14.6 19.3 23.9 39.9 48.5 71.7 

Waroona -57.8 -38 -28.6 -22.8 -19.4 -15.4 -12.8 -9.4 -6.6 -3.4 0.8 4.7 9.7 11.7 15.7 20.8 26.3 35 47.5 

Wuthering Heights -34.9 -21.9 -15.7 -11.9 -8.8 -6.6 -4.4 -2.1 -0.2 1.6 2.9 5 7 9.4 12 15.3 20 26.6 42.1 

 Wye River -42.2 -28.3 -21.9 -17.3 -13.4 -10 -6.2 -3.4 -0.2 3.1 6.5 9.7 12.4 16.3 19.6 25.3 33.5 40.7 67.6 
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F. Strategy for fuel load perturbation 

Sensitivity to fuel characteristics is an important additional aspect of simulator behaviour 

(Cechet et al. 2014). It is not clear how meaningful it is to perturb fuel type to test simulator 

sensitivity to fuel, but it is not unreasonable to perturb fuel load. Fuel load is the total amount 

of combustible material (fine fuels) in a defined space. With the assistance of Stuart 

Matthews from NSW RFS, a simple method was introduced into the project framework to 

perturb fuel loads within Phoenix and Spark.  

For those cases for which Prometheus was amenable to evaluation by the project (i.e. grass 

or heathland fire events), fuel load was also varied.  
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Executive summary  

 
This document provides a summary of the high-level ICT solution architecture developed for 
the Bushfire Predictive Services Project which was chartered to develop a framework to 
compare several bushfires models used in Australia. The ICT capabilities described in this 
document outline the solutions implemented by the project to address the following core 
needs. These capabilities include:  
 

• Enabling the ongoing use of the ICT solutions/tools developed by the project. 

• Providing capabilities for others to use and improve the framework in a collaborative 
manner. 

• Ensuring that the tools and the components element used to construct the framework 
were not restricted by copyright and allowed the distribution of the framework/tools to 
other parties without restriction. 

• Providing functionality to address the compute and business problems as noted below: 

1) A repeatable, verifiable evaluation is supported not only by good science but solid 

software engineering processes, such as version control and data management; 

2) Performing an evaluation of a heterogeneous set of fire spread simulators requires a 

framework that can factor out all input/output and execution differences; and 

3) Scalability and simulation speed is important. Older simulators are not designed for 

scalability or speed in mind, rather have been built to run on commodity hardware 

(such as laptops and desktop computers) and common operating systems. 

1 Fire spread simulator evaluation 

Fire spread simulators (FSSs) predict the surface spread of fire across a landscape. In 

Australia, FSSs are used by fire agencies to assist in operational decision-making and 

planning, and are expected to play a role in a future National Fire Danger Rating System. 

The Bureau of Meteorology (the Bureau) is actively investigating the application of FSSs 

through several projects in collaboration with the fire community.  

Fire spread simulators are run using a number of underlying input datasets. Some of these 

datasets are static, while others are typically updated, on varying timescales. Generally, 

topography datasets are entirely static, unless errors are detected. Fuel datasets are also 

updated infrequently, to refine vegetation types or correct errors. If used, disruption datasets 

may be infrequently updated, as things like infrastructure expansion or relevant land use 

changes take place. Fire history datasets may be updated more frequently, depending on the 

activity level of a fire season and the resources available to maintain these records. Forecast 

weather datasets (including at least wind speed and direction, temperature and relative 

humidity), on the other hand, are updated as new forecasts become available, generally 

twice per day for routine operations, more frequently if rapidly changing circumstances 

demand. In particular, spot fire weather forecasts are produced on request. 

Datasets of fire behaviour observations may include fire boundaries, fire intensity 

measurements, flame height, rate of spread, and possibly spotting intensity, all of which 

change as an event progresses. Constraints on the availability of fire behaviour information 

have meant that this project is using only fire isochrone (boundary) data to evaluate 
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simulators. This document outlines the ICT decisions, necessary to run and evaluate the fire 

simulators at any point after the project ends. 

2 Simulator software evaluated in this study 

The evaluation project is concerned with the following set of fire spread simulators, which are 

both diverse and quite different: 

• in terms of development histories and use in operations 

• their underlying use of several different fire behaviour models 

• the operating systems that they natively support and run on 

• their software implementation frameworks used in their coding 

• their ability to natively run on different hardware processing chipset 

• the ability to containerise or run the simulators in virtual environments. 

 

These key ICT components for each simulator are summarised in Table 1.  
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Table 1. Fire spread simulators, models and implementation 

Simulator  Fire model(s) utilised 
Build 

Implementation 

Years of 
development 
(approximate) 

Scalability 

Native 
operating 
System 
support 

Phoenix 

Composed of several models: 

1. McArthur Dry eucalypt 

forest  

2. CSIRO Southern 

Grassland  

Windows (.NET) 
Greater than 
10 years 

CPU and 
multicore 

Windows 

Prometheus 

Based on the Canadian Forest 

Fire Behaviour Prediction 

system whose model(s) 

supports 16 different fuel types. 

Windows 
(C++/Java) 
 

Greater than 
10 years 

CPU only Windows 

Australis 

Supports several models for 

different vegetation types: 

1. Semiarid Mallee-heath  

2. Shrubland  

3. Spinifex grasslands  

4. Eucalypt forest 

(McArthur and Vesta) 

Java  
Less than 10 
years 

CPU only 
Cross 
platform 

Spark 

Models are user-defined and 

implemented. For the 

evaluation, we are using:  

1. McArthur’s dry eucalypt 

forest model 

2. The Vesta dry eucalypt 

forest fire model 

3. CSIRO grassland model 

4. Anderson et al. 

heathland model 

5. Marsden-Smedley 

button-grass model  

Multiplatform 
(OpenCL) 

Solver code 
greater than 
10 years, 
simulator less 
than 3 years 

CPU and 
multicore 
and GPU 

Cross 
platform 

 

3 Case study datasets 

As discussed in an earlier data document the evaluation was performed over a set of case 

studies, of varying data quality associated with the progress of the fires as well as simulation 

difficulty. The relevant forecast datasets and weather station observations were readily 

extracted from the Bureau's data archive. The specific cases provided by the jurisdictions for 

this investigation are set out in Table 2. 
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Table 2. Fire event case studies for evaluation 

Location (fire 
case study 

name) 

Start 
date of 
event 

Date(s) for 
evaluation 

State 
Predominant 

Fuel 

Fire 
Danger 
Index* 

Comments 

Ballandean 27/10/14 27/10/14 QLD Grass/forest VH 
Based on AWS. DF 

from spot forecast. 

Cobbler Road 08/01/13 08/01/13 NSW Grass SEV 

Based on AWS 60 km 

away. DF from spot 

forecast. 

North 

Grampians 
15/01/14 17/01/14 VIC Forest/grass EXT 

Based on AWS. DF 

from spot forecast. 

Pinery 25/11/15 25/11/15 SA Crop/grass CAT BoM report 

Sampson Flat 02/01/15 02/01/15 SA Forest EXT BoM report 

State Mine 16/10/13 
16/10/13 

17/10/13 
NSW Forest/heath SEV Ching et al study 

Wambelong 12/01/13 13/01/13 NSW Forest  CAT Sharples report 

Waroona 06/01/16 06/01/16 WA Forest  SEV McCaw report 

Wuthering 

Heights 
13/01/16 

26/01/16 

27/01/16 
TAS Forest/moor L-M 

BoM report. Fire 

affected AWS 

Wye River 19/12/15 25/12/14 VIC Forest/coastal VH Leonard et al report 

 

4 ICT requirements from a business perspective 

The projects evaluation efforts (the scope of this initial investigation) were captured and 

agreed to during a stakeholder information and requirements session, conducted at the 

beginning of the project. This session developed a series of operational and user focused 

questions to be investigated by the Bureau. The operational user community including the 

New South Wales Rural Fire Service (NSW RFS) emphasis on predicted isochrones of “area 

burned” and “arrival time” maps served to frame the primary investigation questions to be 

answered. Specific aspects relating to the “quality” of the area burned and prediction of fire 

arrival time were deemed to be of most importance to the stakeholders. Foremost in their 

minds was answering “the where and the when” did the fire travel, with a focus on the 

following:  

• Biases in the rate of spread; 

• Directional bias; and 

• Avoiding misses with a greater tolerance for false alarms. 

Given these specific investigation requirements a simple set of evaluation metrics based on 

area, direction, rate of were developed that would enable this investigation to address the 

following three operational user focused questions and associated sub questions outlined 

below. 
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Question 1: What simulator is the best? 

Component to be investigated ICT software requirement 

(part a) overall? A workflow that automates the calculation of metrics for each 

simulator and summary statistics for all case studies 

(part b) on this case study? A workflow that automates simulator execution for the case 

study and calculates the set of agreed metrics 

  

Question 2: How accurate (and sensitive) for each characteristic is the output?  

Component to be investigated ICT software requirement 

(part a) weather inputs A workflow that automates a batch execution of simulators, 

appropriately varies weather inputs and calculates a set of 

agreed metrics 

(part b) ignition location As above except perturb the ignition location and keep all 

weather fixed 

(part c) ignition time As above except perturb the ignition time (in a sensible 

window) 

(part d) variations in fuel As above except perturb fuel layers 

  

Question 3: How can the uncertainty in weather inputs be quantified to assist in the 

discrimination between model errors and simulator input errors? 

Component to be investigated ICT software requirement 

(part a) estimates of weather 

uncertainty 

Workflows that calculate the weather uncertainty by sampling 

historical weather fields 
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5 ICT considerations 

The following three enabling ICT specific requirements were considered and appraised by 

the project. 

5.1 Hardware – capacity, capability and elasticity 

1) A compute resource of sufficient capacity to support many simulation experiments. 

a. Supporting many simulations runs per an experiment. 

b. Capable of running more than one operating system. 

2) A storage resource of sufficient size and speed of access to support simulations. 

a. Capable of storing the intermediate outputs of simulators and experimental 

results.  

b. Suitable for use as a distributed disk for the compute resource. 

3) The ability to transpose (1) and (2) to direct, shared or cloud compute environments 

and to minimise architectural “lock in” scenarios. 

 

5.2 Simulator evaluation software and tools  

1) Allows access to simulators for batch execution. 

2) An ability to run simulators (all types) on the same dataset many times, in a 

parameterized fashion. 

a. Normalizing the differences of simulator output and output. 

b. Accounting for differences between batch-mode runs of simulators and 

manual runs of simulators. 

c. Ability to run simulators using point, line or polygon ignition sources. 

3) An ability to transform the inputs (weather and ignition) to the simulators. 

a. Sampling methods for the weather to generate suitable “spot-forecasts”  

b. Spatial perturbations of ignition sources. 

4) An ability to calculate novel simulator quality metrics.  

5) An ability to scale simulation runs across compute resources, locally and remotely. 

6) An ability to perform experiments in an environment that can be reproduced easily.  

7) The ability to transpose (the above) to direct, shared or cloud compute environments 

without software or vendor based IP constraints. 
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5.3 Reporting software and tools 

1) An ability to clearly and rapidly visualize metrics and simulator outputs. 

a. Interactively and for presentation to external stakeholders. 

2) Automated (or semi-automated) reports generated from experiments. 

a. Viewable on the web or in document form. 

6 ICT Design 

When considering the software and operational requirements set out previously, that enabled 

us to perform these evaluations, the project chose to develop a solution using a combination 

of best of breed technologies which are best defined as layers. These layers can be labelled 

as follows: 

1) A simulator abstraction layer; 

2) A Simulator execution framework; and  

3) Interactive experiment platform. 

More detail particulars of these technologies employed in these layers will be discussed in 

later sections of this document, however the full reference implementation of the final 

framework which was built from the technology stack is available from the following code 

sharing repository: 

https://github.com/bom-fire-predictive-services/simulator_evaluation 

 

6.1 Descriptive overview of the simulator abstraction layer 

The technology used to build each fire simulator is quite different, ranging from operating 

system specific (.net) to platform agnostic (java) and through to compute agnostic (open-cl). 

To be able to parameterise the running of simulators in an automated fashion we needed to 

construct a simulator abstraction layer with the following constraints:  

1) Simulators should be able to be run using a standard interface; 

2) Dataset differences should be transparently accounted for; and 

3) Outputs should be normalized into a standard reference frame. 

To address each of these specific requirements chose to use the Python programming 

language (Oliphant, 2007), which is available on all modern operating systems and is 

particularly useful for creating “wrappers” of existing technology and scientific computing. 

Python is a high-level language, meaning that it abstracts underlying computer-related 

technical details. Figure 1 shows the components of the current abstraction, where 

experiments are turned into simulation specifications (a run schema of sorts).  

 

https://github.com/bom-fire-predictive-services/simulator_evaluation
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A simulation specification is a simulator agnostic description of the simulation to be 

performed (a shareable document). Essential information embodied in the simulation 

specification includes: 

• The simulator type (Australis, Phoenix, Spark, Prometheus); 

• Simulation start and end times; 

• Input weather, fuel and static layers pertinent to the specific case study; and 

• The version of the evaluation framework which was used to generate the 

specification. 

Provided with a simulation specification the “simulator executor” translates it into a model 

specific representation. The simulator is then executed (as a standard system call) and the 

outputs are stored. The output is then transformed into a normalized state (with fixed 

reprojection and time representation) for further analysis.  

 

Figure 1: An example of the simulator abstract and execution model 

 

6.2 Descriptive overview of the simulator execution framework 

The python based abstraction layer is extended to include a set of tools. The first is an open 

source job-scheduler which allows for simulation runs to occur in a scalable manner over 

multiple physical or virtual machines. The technology the project employed to enable this is 

called “Dask” (Rocklin, 2015), which is a distributed programming tool which allows for both 

local and remote execution of tasks. The approach that the project chose to follow in is that 

of “task farming” where multiple simulator runs are batched and executed through a job-

scheduler (i.e. by Dask). An example work flow of a typical simulation is shown in Figure 2.  
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Figure 2: Simulator execution model using distributed workers 

 

 The workflow of a typical simulator run can be summarised as follows: 

1) The client (the end user) creates an experiment (possibly many) that needs to be run; 

2) The specific experiment is then transformed into a simulation specification (a 

schema); 

3) The simulation specification is transferred to the job-scheduler (Dask). This scheduler 

can be hosted locally or remotely on a suitable compute environment; 

4) The scheduler then submits the simulation job to a pool of connected workers (which 

can be either local (bare metal or virtual), network accessible / cloud compute 

environments). If each worker has access to the required weather, fuel and static 

layers required for the simulation it can run the required simulation using the 

simulator binaries; and 

5) The output of the simulation, when completed, is passed to a normalizer (on the 

worker) to generate a result. The result is then transmitted back to the client.  

 

Exercising the simulator execution model is performed through the interactive experiment 

and reporting platform, which is described in the next section.  
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6.3 Descriptive overview of the interactive experiment and 
reporting platform 

The project chose a technology called Jupyter, promoted and developed by the University of 

Berkeley (Kluyver et al., 2016) as its interactive experiment platform. The reason for 

Jupyter’s immense success is it excels in a form of programming called “literate 

programming”. Literate programming is a software development style pioneered by Stanford 

computer scientist, Donald Knuth (Lins, 1989). This type of programming emphasizes a 

prose first approach where exposition with human-friendly text is punctuated with code 

blocks. It excels at demonstration, research, and teaching objectives especially for science. 

The Jupyter framework provides a malleable platform to produce repeatable workflows. In 

the context of the simulator evaluation framework the tool provides a mechanism to 

interactively submit and inspect simulation jobs. The Jupyter interface is web based and 

allows for the execution of software, an example of the top-level interface for a sample 

experiment is shown in Figure 3.  

 

 

Figure 3. Example of the Jupyter top-level web interface 
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An experiment is a set of reproducible workflows, or rather, Jupyter notebooks. An example 

showing how this was applied to the evaluation project is shown in Figure 4. 

 

Figure 4. Example of the case study workflows 

 

Experiments can be run and interactively changed through the notebook interface, which is 

both simple to use but also extremely powerful for expert user interaction. An example of the 

notebook interface is shown in Figure 5. 

 

 

Figure 5. Example of the Jupyter notebook interface 
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For each experiment, we create Jupyter notebooks to address each of the following jobs: 

1) Input data preparation 

The datasets for fire simulators are either gridded, raster or shapefile outputs and are in 

different coordinate systems. The data preparation stage is responsible for sampling the 

required weather input fields (using a simple resampling regime) to form a weather 

stream. 

2) Comparison data (observation) normalization 

Each case study, invariably, has its own custom representation of line scans that are 

suitable for the comparison of simulator outputs. In an observation normalization stage, 

we transform all observations into a canonical form, which can be compared to all the 

different simulators output.  

3) Simulator execution 

Given the normalized weather and observational data the simulator execution framework 

is configured to run for each simulator. 

4) Summarization 

The notebooks are powerful tools for visualization. Using custom visualizations, we can 

address each of the user orientated simulator questions (defined above) and the 

notebooks readily allow a user to explore the statistics that underpin each result.  

7 Building and deploying the evaluation software 
framework 

This section provided an outline of the step by step build description, given that the simulator 

evaluation software is a composition of a few tools and technologies. To get the software 

running requires a basic level of privileges on a host computer, this software architecture was 

designed so that it could be run on either (modern) Microsoft and Linux platforms. 

7.1 Steps for local installation 

The following dependencies are required for both Microsoft Windows and Linux platforms: 

• GIT – version control 
https://git-scm.com/downloads 

 

• Linux (Mono) - Phoenix dependencies 
http://www.mono-project.com/download/ 

 

• Linux (OpenCL, LSB-CORE) - Spark dependencies 
https://research.csiro.au/spark/download/system-requirements/ 

 

• Anaconda – python distribution 
https://www.continuum.io/downloads 

 

 

 

https://git-scm.com/downloads
http://www.mono-project.com/download/
https://research.csiro.au/spark/download/system-requirements/
https://www.continuum.io/downloads


Bushfire Predictive Services Released: 13/04/17  

 

Version: 1.2 ICT Framework Page 17 of 20 
 

For all fire case studies, outputs and static layers a default path is assumed to be: 

 

Linux /fire/ 

Windows %userprofile%/fire/ 

 

Note: to perform distributed execution of simulators it is advisable to use a default path on a 

share distributed disk.  

The Phoenix and Spark simulators are available from the following location: 

 

Linux ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/linux_simulators.zip 

Windows ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/windows_simulators.zip 

 

 

The contents should be decompressed to form the directory structure shown in 3.  

  
Table 3. Directory structure for Phoenix installation 

Simulator Linux location Windows location 

Phoenix 4.06 /fire/simulators/phoenix_4.0.6/ %userprofile%/fire/simulators/phoenix_4.0.6/ 

  

Phoenix 4.07 /fire/simulators/phoenix_4.0.7/ %userprofile%/fire/simulators/phoenix_4.0.7/ 

  

Phoenix 4.08 /fire/simulators/phoenix_4.0.8/ %userprofile%/fire/simulators/phoenix_4.0.8/ 

  

Phoenix 5.00 /fire/simulators/phoenix_5.0.0/ %userprofile%/fire/simulators/phoenix_5.0.8/ 

 

 

Access to the installation files for spark are also available from the following resource:  

http://doi.org/10.4225/08/57F72D513057B 

 

The "batch-mode" version must be installed and copied into the directory structure shown in 

Table 4. Noting that version 0.8.0 is used in this evaluation framework. Once download, they 

must be placed into the following location: 

Table 4. Directory structure for Spark installation 

Simulator Linux location Windows location 

Spark 0.8.0  /fire/simulators/spark_0.8.0/ %userprofile%/fire/simulators/spark_0.8.0/ 

  

 

 

ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/linux_simulators.zip
ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/windows_simulators.zip
http://doi.org/10.4225/08/57F72D513057B
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The simulator datasets are available from the locations shown in Table 5. 

Table 5. Links to simulator datasets 

Case study Download link 

Ballandean ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/ballandean.zip 

Cobbler Rd ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/cobblerrd.zip 

North Grampians ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/nthgrampians.zip 

Pinery ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/pinery.zip 

Sampson Flat ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/sampsonflat.zip 

State Mine ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/statemine.zip 

Warrambungles 
(Wambelong) 

ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/wambelong.zip 

Waroona ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/waroona.zip 

Wuthering Heights ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/wutheringheights.zip 

Wye River ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/wyeriver.zip 

  

Each case study should be extracted into the appropriate dataset location: 

Linux /fire/datasets 

Windows %userprofile%/fire/datasets 

 

Once the datasets are retrieved the manual runs of the Australis and Prometheus simulators 

can be retrieved from the following location: 

 

 ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/manual.zip 

The manual runs should be extracted into the appropriate dataset location: 

 

Linux /fire/ 

Windows %userprofile%/fire/ 

  

After acquiring the simulators, case studies and manual runs, the evaluation software 

(python package) can be cloned from version control in the following manner: 

 

Linux 
cd /fire 

git clone https://github.com/bom-fire-predictive-services/simulator_evaluation.git 

Windows 
cd %userprofile%/fire/ 

git clone https://github.com/bom-fire-predictive-services/simulator_evaluation.git 

 

Once the evaluation software is retrieved the python environment must be created, activated 

and the evaluation software must be installed (into a user writeable directory): 

mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/ballandean.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/cobblerrd.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/nthgrampians.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/pinery.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/sampsonflat.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/statemine.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/wambelong.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/waroona.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/wutheringheights.zip
mailto:ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/wyeriver.zip
ftp://bom729@ftp.bom.gov.au/register/bom729/incoming/manual.zip
https://github.com/bom-fire-predictive-services/simulator_evaluation.git
https://github.com/bom-fire-predictive-services/simulator_evaluation.git
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Linux 

cd /fire/simulator_evaluation 

conda env create . 

source activate fire 

python setup.py install 

Windows  

(part a) 

cd %userprofile%/fire/simulator_evaluation 

conda env create .  

 
For windows users, the configured paths for each simulator and datasets must be changed 

to appropriately, for example: evaluation/static/config.json 

 

Windows  

(part a) 

{ 
 "datasets": "c:\\users\\nathan\\fire\\datasets", 
 "outputs": "c:\\users\\nathan\\fire\\outputs", 
 "simulators": "c:\\users\\nathan\\fire\\simulators", 
 "scheduler": {"host":"127.0.0.1", "port": 8786} 

} 

 

Upon updating the configuration the Windows installation is completed by: 

 

Windows 

cd %userprofile%/fire/simulator_evaluation 

activate fire 

python setup.py install 

 

Now that the evaluation software is installed the job-scheduler, local worker and notebook 

server must be started to be able to perform experiments with the simulators. These 

programs required permission to go through (possibly) firewalled ports, specifically: 8786, 

8787 and 8888, hence may require administrative privileges. The scheduler must be started 

first: 

 

Linux and 

Windows 

source activate fire 

dask-scheduler 

 

Followed by the worker (in a different shell, command terminal, optionally on a different host): 

 

Linux and 

Windows 

source activate fire 

dask-worker %%hostname%%:8786 

 

Where %%hostname%% is the IP address of the server that the evaluation software has 

been installed onto. Finally, the Jupyter notebook server can be activated like so: 

 

Linux 

cd /fire/simulator_evaluation/notebooks 

source activate fire 

jupyter notebook --ip=* index.ipynb 

Windows 

cd %userprofile%/fire/simulator_evaluation/notebooks 

activate fire 

jupyter notebook --ip=* index.ipynb 
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7.2  Steps and considerations for a cloud deployment 

Performing sensitivity experiments can often be time consuming, since it relies on many 

permutations of the inputs to the configured fire simulators. Since each perturbation is unique 

and independent there is no shared state between simulations, experiments are therefore 

embarrassingly parallel. Within reason the time to perform an experiment should reduce as 

more compute nodes are added (with dedicated disks) the quicker the evaluation 

experiments should be able to be performed.  

In the simplest manner, scaling up the evaluation exercise is achieved by repeating the 

installation process (defined above) on multiple hosts. Once the installation is completed the 

“dask-worker” must point to a single job scheduler (of the users choosing) which coordinates 

all work between the additional hosts. Critical to this working is a shared (and fast) disk, 

which output from all simulations can be stored. 

To assist end-users, we have automated and provided tools to scale up the manual 

installation process (described above) using two technologies: 

1) Ansible – an automation platform for system administration (Benson et al., 2016). 

 

An example implementation of the ansible automation is available from: 

https://github.com/bom-fire-predictive-services/simulator_evaluation_platform  

 

2) Docker – software and operating environment encapsulation tool (Abdelbaky et al., 

2016). 

An example Docker environment for evaluation is available from:  

https://github.com/bom-fire-predictive-services/simulator_evaluation_environment  
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Annex D. Fire simulator evaluation results  
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Executive summary 

This document provides a comprehensive breakdown of the metric results produced for each 

case study by the fire simulator evaluation project in the form of figures and tables. The 

analysis of these results will be included in the final project report document. 

To compare the performance of fire spread simulators (FSSs) a threat score or critical success 

index was used. The threat score provides an overview of simulator performance. The relative 

performance of the reviewed simulators for each case study is shown in Figure 1. Simulators 

that performed better than average are coloured green and simulators that performed worse 

than average are coloured magenta. The average is a relative quantity which differs from case 

to case and to facilitate a comparison we show the population average in text on the threat 

colour bars. Understanding the mean threat score also helps to see how well (on average) the 

simulators are performing for the selected case study.  

A suite of additional metrics is employed to investigate specifically simulator bearing, rate of 

spread and area of impact. In addition, the sensitivity of simulators is tested, where possible, 

to perturbation of a range of input parameters, including weather variables (wind speed and 

direction, temperature, relative humidity), ignition parameters and fuel load. 

The configuration of individual simulators influences the degree to which they can be 

comprehensively tested. Some simulators can be fully automated, and many hundreds of 

simulations instantiated to sample a large, detailed range of responses to input conditions. 

Other simulators have required manual testing of their response to input variation, and 

comparison against observations, and so the assessment of their performance is necessarily 

less comprehensive.  

We note that simulator performance on several cases is quite poor. Many factors are likely to 

have contributed to this, including inadequacies in the input fuel and weather grids for the 

events. Importantly, however, the case studies considered in this project were those for which 

adequate fire behaviour data was available. In general, such data is rarely available unless 

the fire was expected to become large and/or difficult to control. These fires, by their nature, 

have an increased likelihood of enhanced interaction with the atmosphere and surroundings 

in a complex, non-linear fashion. This along makes them more difficult to model than more 

moderate fires occurring in conditions that are closer to the average (Peace et al., 2015). 
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Figure 1. Summary of threat scores for all case studies 

                                                
1 A modified ADFD forecast used demonstrates the value in spot-forecasts being used for simulation. 
2 Run with additional simulators (Prometheus and Spark with a button grass model). 
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1 Evaluation methodology 

1.1 Unmodified ADFD simulation output 

In order to answer the questions in Table 1, the following results are included in this document 

for each case study. Using the best available data (ADFD gridded weather from the routine 

forecast immediately prior to ignition/simulation commencement) for the simulators we 

simulate the fire. The resulting simulation output (yellow) is shown with the observed fire scar 

overlaid (red). This baseline result is included in Section 2 of each case study report. 

Table 1. Questions from high level decision makers (investors) 

Question Approach 

Question 1a. 

What simulator is the best overall? 

A figure summarising the accuracy and 

sensitivity of each simulator across all case 

studies.  

Question 1b. 

What simulator is the best on each 

case study? 

A table summarising for each simulator and 

each case study, the aggregate accuracy and 

sensitivity.  The aggregation occurs over all 

perturbed inputs and will weight all output 

characteristics equally. 

 

1.2 Relative comparison of unmodified ADFD grids 

To compare the relative performance of the simulators the threat score or critical success 

index (Roebber, 2009) was used. This score measures the fraction of observed and/or 

forecast fire that was correctly predicted. It can be thought of as the accuracy when correct 

negatives have been removed from consideration, that is, threat score is only concerned with 

forecasts that count. Threat score is sensitive to hits (H) and penalizes both misses (M) and 

false alarms (FA), it is calculated thus: H / (H + M +FA). A good threat score is closer to one, 

while a poor threat score is closer to zero. 

The relative comparison compares the threat score for each simulator to the median threat 

score for the entire population of simulators. The relative comparison lets us know if a 

simulator is performing better or worse than the population without performing a pair-wise 

comparison of threat scores. 

1.3 Sensitivity analysis 

To answer the questions in Table 2 around sensitivity of the simulators for expert users, the 

following results are included in this document for each case study. The unmodified ADFD 

simulation, despite providing our best estimate, remains subject to uncertainty. We have 

estimated this uncertainty for ten fire simulator input variables and use the uncertainty to 

estimate the sensitivity of each simulator to each of these inputs, where possible. The output 

of this process is a range of 26 possible fire shapes for each input, for each simulator. These 

could then be combined through an ensemble method to provide a visual representation of 

the likelihood of impact across the landscape. 
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Table 2. Questions from fire behaviour analysts (expert users) 

Question Approach 

Question 2a.  

How accurate for each fire 

characteristic (bearing, rate of spread, 

area) is the output? 

Baseline simulations were run for each case 

study and assessed against the observed 

characteristics using the defined metrics. 

Question 2b.  

How sensitive to the inputs is each fire 

characteristic (bearing, rate of spread, 

area) of the outputs? 

A chart showing the performance of each 

simulator with respect to each characteristic of 

the simulator output (area, rate of spread, 

shape) once input parameters are sensibly 

perturbed. 

• Parameter (i) weather inputs 

Weather parameters perturbed were wind 

speed, wind direction, temperature and 

humidity. 

• Parameter (ii) ignition location 
Perturbed ignition location while keeping all 

weather fixed. 

• Parameter (iii) ignition time 
Perturbing ignition time perturbed within a 

sensible window  

• Parameter (iv) variations in fuel Fuel layers perturbed within 20% 

Question 2c. 

If the weather and fuel could be 

perfectly described, which simulator 

performs the best? 

Weather error was minimised an expert 

forecaster hindsight and the analysis repeated 

for a single case study (Cobbler Road).   

 

1.4 Relative inter-comparison 

In the sensitivity analysis, we again use the threat score as a measure of simulator quality. In 

this situation, we select the median value from the 26 simulator runs. By varying the simulator 

inputs, we can also calculate the relative spread of the threat score. To achieve this, we 

compute the relative difference of the inter-quartile range of the simulators and report on the 

difference. Noting that in some cases it is desirable to have sensitivity to perturbed inputs, but 

sensitivity to particularly small perturbations of inputs is less desirable in other cases. 

In addition to the threat score we also measure output properties directly. These include 1) 

bearing, the direction that the fire is burning 2) rate of spread, the time taken for the fire area 

to burn and 3) impact area, the burnt area prediction. Measuring these properties directly is 

complementary and helps us understand how the threat score could be (potentially) 

decomposed since a threat score represents the convolution of all these properties. The 

sensitivity analysis offers insight into the specific drivers of the threat score, while the threat 

score summarises the information contained in the sensitivity analysis. The output of these 

tests is presented in the form of a modified "Gleckler plot" (Gleckler et al. 2008), where 

sensitivity to perturbation of input variables and relative simulator performance are displayed 

simultaneously. 
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1.5 Performance diagrams 

Another way of visualising the results to answer the questions in Table 1 and Table 2, is using 

a performance diagram. For a direct visual comparison, we use a performance diagram which 

maps the probability of detection, H/(H+M), on the vertical axis and success ratio, 1-(FA/(H + 

FA)), on the horizontal axis (Roebber, 2009). The diagonal shows the threat score scale (0 to 

1) with the dashed isolines corresponding to the threat score values on the diagonal. The 

performance diagram, as well as showing absolute values of threat score, helps break the 

threat score down by enabling the identification of over prediction (too many false alarms) and 

under prediction (too many misses).  

 

1.6 Sensitivity analysis 

To answer the questions in Table 3, the following results are included in this document for 

each case study. The fire for Cobblers Road was re-run with a best available estimation of 

weather input parameters. The results were evaluated for each simulator to see if there was 

any improvement in the metrics. 

Table 3. Questions from simulator developers (modellers, fire scientists) 

Question Approach 

Question 3 

How can the uncertainty in weather 

inputs be quantified to assist in the 

discrimination between model errors 

and simulator input errors? 

Error distribution of the weather forecast 

variables was estimated using the best 

available gridded weather and archived weather 

observations.   
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2 Ballandean fire, QLD, 27-28 October 2014 

2.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2014-10-27T12:38:00+10:00 and run until 

2014-10-28T16:40:00+10:00. 

 

2.2 Unmodified ADFD simulations  

 

Figure 2. Ballandean fire: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

 

2.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 3. Ballandean fire: Relative inter-comparison of simulators 
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2.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 4. Ballandean fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 5. Ballandean fire: The effect of varying ignition location (within 200 meters) on simulator output 
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2.5 Relative inter-comparison 

  

  

Figure 6. Relative inter-comparison of simulators by varying input parameters 
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2.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 7. Ballandean fire: Performance diagram of simulator outputs using unmodified ADFD simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 8. Ballandean fire: Performance diagrams of perturbed variables (temperature, relative humidity, 
wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 9. Ballandean fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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3 Cobbler Road fire, NSW, 8 January 2013 

3.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2013-01-08T15:54:00+11:00 and run until 

2013-01-08T20:04:00+11:00.  

3.2 Unmodified ADFD simulations  

 

Figure 10. Cobbler Road fire: Fire Spread simulator comparison - simulated (yellow) versus observed 

(orange) 

 

3.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 11. Cobbler Road fire: Relative inter-comparison of simulators 
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3.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 12. Cobbler Road fire: The effect of varying wind direction (within 10%) on simulator output 

 

Ignition location output variation 

 

 

Figure 13. Cobbler Road fire: The effect of varying ignition location (within 200 meters) on simulator 
output 
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3.5 Relative inter-comparison 

  

  

Figure 14. Cobbler Road fire: Relative inter-comparison of simulators by varying input parameters 
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3.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 15. Cobbler Road fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 16. Cobbler Road fire: Performance diagrams of perturbed variables (temperature, relative 

humidity, wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 17. Cobbler Road fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 
location and wind direction) for all simulators. 
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4 Cobbler Road fire, NSW, 8 January 2013 (re-run) 

4.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2013-01-08T15:54:00+11:00 and run until 

2013-01-08T20:04:00+11:00. Using a modification of the wind field to better approximate the 

direction of the wind during the period of the fire.  

4.2 Modified ADFD simulations  

 

Figure 18. Cobbler Road fire: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

4.3 Relative comparison of modified ADFD simulations 

  

  

  

Figure 19. Cobbler Road fire: Relative inter-comparison of simulators 
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4.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 20. Cobbler Road fire (re-run): The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 21. Cobbler Road fire (re-run): The effect of varying ignition location on simulator output 
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4.5 Relative inter-comparison 

  

  

Figure 22. Cobbler Road fire (re-run): Relative inter-comparison of simulators by varying input 
parameters 
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4.6 Performance diagrams 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 23. Cobbler Road fire (re-run): Performance diagram of simulator outputs using unmodified ADFD 
simulations 

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 24. Cobbler Road fire (re-run): Performance diagrams of perturbed variables (temperature, relative 

humidity, wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 25. Cobbler Road (re-run): Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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5 North Grampians fire, VIC, 17 January 2014 

5.1 Simulation Protocol 

Simulated from a fire scar at 2014-01-17T01:00:00+11:00 and run until 2014-01-

17T10:00:00+11:00. 

 

5.2 Unmodified ADFD simulations  

 

Figure 26. North Grampians: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

5.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 27. North Grampians: Relative inter-comparison of simulators 
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5.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 28. North Grampians: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 29. North Grampians: The effect of varying ignition location (within 200 meters) on simulator 
output 
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5.5 Relative inter-comparison 

  

  

Figure 30. North Grampians: Relative inter-comparison of simulators by varying input parameters 
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5.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 31. North Grampians: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 32. North Grampians: Performance diagrams of perturbed variables (temperature, relative 

humidity, wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 33. North Grampians: Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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6 Pinery fire, SA, 25 November 2015 

6.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2015-11-25T12:00:00+10:30 and run until 

2015-11-26T00:00:00+10:30. 

 

6.2 Unmodified ADFD simulations  

 

Figure 34. Pinery fire: Fire Spread simulator comparison - simulated (yellow) versus observed (orange) 

 

6.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 35. Pinery fire: Relative inter-comparison of simulators 
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6.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 36: Pinery fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 37: Pinery fire: The effect of varying ignition location (within 200 meters) on simulator output 
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6.5 Relative inter-comparison 

  

  

Figure 38. Pinery fire: Relative inter-comparison of simulators by varying input parameters 
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6.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 39. Pinery fire: Performance diagram of simulator outputs using unmodified ADFD simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 40. Pinery fire: Performance diagrams of perturbed variables (temperature, relative humidity, wind 
speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators. 

 

Figure 41. Pinery fire: Performance diagram of perturbed variables (fuel, ignition time, ignition location 

and wind direction) for all simulators 
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7 Sampson Flat fire, SA, 2 January 2015 

7.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2015-01-02T12:20:00+10:30 and run until 

2015-01-02T18:00:00+10:30. 

 

7.2 Unmodified ADFD simulations  

 

Figure 42. Sampson Flat fire: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

 

7.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 43. Sampson Flat fire: Relative inter-comparison of simulators 
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7.4 Sensitivity analysis  

Wind direction output variation 

 

 

Figure 44. Sampson Flat fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 45. Sampson Flat fire: The effect of varying ignition location (within 200 meters) on simulator 
output 
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7.5 Relative inter-comparison 

  

  

Figure 46. Sampson Flat fire: Relative inter-comparison of simulators by varying input parameters. 
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7.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 47. Sampson Flat fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 48. Sampson Flat fire: Performance diagrams of perturbed variables (temperature, relative 
humidity, wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 49. Sampson Flat fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 
location and wind direction) for all simulators 
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8 State Mine fire, NSW, 16 October 2013 

8.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2013-10-16T12:00:00+11:00 and run until 

2013-10-16T16:23:00+11:00.  

8.2 Unmodified ADFD simulations  

 

Figure 50. State Mine fire: Fire Spread simulator comparison - simulated (yellow) versus observed 

(orange) 

 

8.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 51. State Mine fire: Relative inter-comparison of simulators 
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8.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 52. State Mine fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 53. State Mine fire: The effect of varying ignition location (within 200 meters) on simulator output 
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8.5 Relative inter-comparison 

  

  

Figure 54. State Mine fire: Relative inter-comparison of simulators by varying input parameters 
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8.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 55. State Mine fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 56. State Mine fire: Performance diagrams of perturbed variables (temperature, relative humidity, 

wind speed and drought factor) for all simulators 



 

Version: 1.1  Fire Spread Simulator Evaluation Results Page 46 of 79 
 

We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 57. State Mine fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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9 State Mine fire, NSW, 16 October 2013 (re-run) 

9.1 Simulation Protocol 

Simulated from a fire observation. Ignited at 2013-10-17T11:05:00+11:00 and run until 2013-

10-17T17:25:00+11:00.  

9.2 Modified ADFD simulations  

 

Figure 58. State Mine fire (re-run): Fire Spread simulator comparison - simulated (yellow) versus 

observed (orange) 

 

9.3 Relative comparison of modified ADFD simulations 

  

  

  

Figure 59. State Mine fire (re-run): Relative inter-comparison of simulators 
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9.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 60. State Mine fire (re-run): The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 61. State Mine fire (re-run): The effect of varying ignition location (within 200 meters) on simulator 
output 
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9.5 Relative inter-comparison 

  

  

Figure 62. State Mine fire (re-run): Relative inter-comparison of simulators by varying input parameters 
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9.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 63. State Mine fire (re-run): Performance diagram of simulator outputs using unmodified ADFD 
simulations 

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 64. State Mine fire (re-run): Performance diagrams of perturbed variables (temperature, relative 

humidity, wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 65. State Mine fire (re-run): Performance diagram of perturbed variables (fuel, ignition time, 

ignition location and wind direction) for all simulators 
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10 Wambelong fire, NSW, 13 January 2013 

10.1 Simulation Protocol 

Simulated from a fire scar at 2013-01-13T09:50:00+11:00 and run until 2013-01-

13T14:35:00+11:00. 

 

10.2 Unmodified ADFD simulations  

 

Figure 66. Wambelong fire: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

 

10.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 67. Wambelong fire: Relative inter-comparison of simulators. 
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10.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 68. Wambelong fire: The effect of varying wind direction on simulator output. 

 

Ignition location output variation 

 

 

Figure 69. Wambelong fire: The effect of varying ignition location (within 200 meters) on simulator 
output. 
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10.5 Relative inter-comparison 

  

 
 

Figure 70. Wambelong fire: Relative inter-comparison of simulators by varying input parameters 
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10.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 71. Wambelong fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 72. Wambelong fire: Performance diagrams of perturbed variables (temperature, relative humidity, 

wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 73. Wambelong fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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11 Wambelong fire, NSW, 13 January 2013 (re-run) 

11.1 Simulation Protocol 

Simulated from a fire scar at 2013-01-13T09:50:00+11:00 and run until 2013-01-

13T16:40:00+11:00. 

 

11.2 Unmodified ADFD simulations  

 

Figure 74. Wambelong fire: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

 

11.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 75. Wambelong fire: Relative inter-comparison of simulators 
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11.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 76. Wambelong fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 77. Wambelong fire: The effect of varying ignition location (within 200 meters) on simulator output 
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11.5 Relative inter-comparison 

  

  

Figure 78. Wambelong fire: Relative inter-comparison of simulators by varying input parameters 
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11.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 79. Wambelong fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 80. Wambelong fire: Performance diagrams of perturbed variables (temperature, relative humidity, 

wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 81. Wambelong fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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12 Waroona fire, WA, 6 January 2016 

12.1 Simulation Protocol 

Simulated from a known ignition source. Ignited at 2016-01-06T06:30:00+08:00 and run until 

2016-01-06T14:50:00+08:00. 

12.2 Unmodified ADFD simulations  

 

Figure 82. Waroona fire: Fire Spread simulator comparison - simulated (yellow) versus observed (orange) 

12.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 83. Waroona fire: Relative inter-comparison of simulators 
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12.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 84 Waroona fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 85. Waroona fire: The effect of varying ignition location (within 200 meters) on simulator output 
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12.5 Relative inter-comparison 

  

  

Figure 86. Waroona fire: Relative inter-comparison of simulators by varying input parameters 
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12.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 87. Waroona fire: Performance diagram of simulator outputs using unmodified ADFD simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 88. Waroona fire: Performance diagrams of perturbed variables (temperature, relative humidity, 
wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 89. Waroona fire: Performance diagram of perturbed variables (fuel, ignition time, ignition location 

and wind direction) for all simulators 
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13 Wuthering Heights fire, TAS, 26-27 January 2016 

13.1 Simulation Protocol 

Simulated from a fire scar at 2016-01-26T18:26:00+11:00 and run until 2016-01-

27T10:49:00+11:00. 

13.2 Unmodified ADFD simulations  

 

Figure 90. Wuthering Heights fire: Fire Spread simulator comparison - simulated (yellow) versus 
observed (orange) 

 

13.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 91. Wuthering Heights fire: Relative inter-comparison of simulators 
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13.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 92. Wuthering Heights fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 93. Wuthering Heights fire: The effect of varying ignition location (within 200 meters) on simulator 
output 
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13.5 Relative inter-comparison 

  

  

Figure 94. Wuthering Heights fire: Relative inter-comparison of simulators by varying input parameters 
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13.6 Performance diagrams 

 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 95. Wuthering Heights fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 96. Wuthering Heights fire: Performance diagrams of perturbed variables (temperature, relative 
humidity, wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 97. Wuthering Heights fire: Performance diagram of perturbed variables (fuel, ignition time, 
ignition location and wind direction) for all simulators 
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14 Wye River fire, VIC, 25 December 2015 

14.1 Simulation Protocol 

Due to a lack of activity the simulation was initialised using a fire scar at 2015-12-

24T19:00:00+11:00. The simulation was run from 2015-12-25T11:21:00+11:00 until 2015-12-

25T18:00:00+11:00. 

 

14.2 Unmodified ADFD simulations  

 

Figure 98. Wye River fire: Fire Spread simulator comparison - simulated (yellow) versus observed 
(orange) 

 

14.3 Relative comparison of unmodified ADFD simulations 

  

  

  

Figure 99. Wye River fire: Relative inter-comparison of simulators 



 

Version: 1.1  Fire Spread Simulator Evaluation Results Page 73 of 79 
 

14.4 Sensitivity analysis 

Wind direction output variation 

 

 

Figure 100. Wye River fire: The effect of varying wind direction on simulator output 

 

Ignition location output variation 

 

 

Figure 101. Wye River fire: The effect of varying ignition location (within 200 meters) on simulator output 
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14.5 Relative inter-comparison 

  

  

Figure 102. Wye River fire: Relative inter-comparison of simulators by varying input parameters 
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14.6 Performance diagrams 

The performance diagram for the unmodified ADFD simulations: 

 

Figure 103. Wye River fire: Performance diagram of simulator outputs using unmodified ADFD 
simulations 

  

Below we explore the performance of each simulator, by perturbing the parameters that feed into the 

McArthur equations. 

 

Figure 104. Wye River fire: Performance diagrams of perturbed variables (temperature, relative humidity, 

wind speed and drought factor) for all simulators 
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We now compare the variables which we expect to influence the output of the simulators: 

 

Figure 105. Wye River fire: Performance diagram of perturbed variables (fuel, ignition time, ignition 

location and wind direction) for all simulators 
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Executive Summary 

An understanding of the meteorological conditions provides important context to the 

observed fire behaviour. This report provides an analysis of the fire weather conditions at the 

time of each case study selected as part of the fire simulator evaluation project. 

1 Introduction 

Each of the case studies is discussed separately, with information provided under the 

following headings. 

• Event summary – a brief outline of the fire event 

• Antecedent conditions – the conditions leading up to the fire, particularly focussing on 

moisture availability. 

• Synoptic situation – the broad scale synoptic situation that lead to the weather at the 

time of the fire event. 

• Upper air factors – a summary of any critical upper air factors that contributed to fire 

behaviour such as vertical movement. 

• Mesoscale influences – local scale weather patterns relevant to the fire behaviour 

• Notable fire behaviour resulting from interaction with weather – summary of 

documented fire behaviour relevant to the simulator evaluation process. 

 

The information was compiled by based on knowledge from skilled fire weather forecasters 

and from Bureau of Meteorology and fire agency reports available for the case studies. The 

analyses focus on the weather conditions leading to and at key periods during the case study 

fires.  
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2 Case studies   

2.1 Ballandean fire, QLD, 27-28 October 2014 

Event summary 

The Ballandean fire burnt through grass and forest in Queensland’s Southern Downs from 27 

October 2014, having started from a lightning ignition, and was contained by 2 November. 

The fire was unsuppressed for the first two days of its run, making it a valuable case study in 

this respect alone. 

Antecedent conditions 

The period to the end of October 2014 was dry over much of the area around the New South 

Wales - Queensland border. This includes shorter time scales from one month, for example 

October 2014 shown in Figure 1(a), to longer time scales such as the 12 months up to the 

end of October 2014, with below average to very much below average rainfall recorded. 

Similarly, on most scales from one month to one year, maximum temperature over most of 

southern Queensland was very much above average (decile 10) leading up to the end of 

October 2014 as shown in Figure 1(b). 

 

 

 

 

Synoptic situation 

Troughs lay over Queensland and northeast New South Wales on the morning of 27 

October, with colds fronts over waters to the immediate south of the continent as shown in 

Figure 2. The eastern trough provided the instability and vertical motion necessary to 

generate thunderstorms, producing the lightning which ignited the Ballandean fire. By 28 

Figure 1. Deciles for Queensland for October 2014 for (a) rainfall and (b) maximum temperature. 
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October, the leading trough had dissipated. The trailing trough extended southward to the 

first of the fronts, which had moved into the Tasman Sea. 

 

 

 

 

Upper air factors 

Associated with the surface front and trough features was a sharp upper tropospheric trough 

Figure 3. As it crossed the eastern seaboard, the trough was strongly negatively tilted. 

Research completed by Fox-Hughes (2015) suggests that such structures may be linked to 

strong vertical motions, both upward and downward. The upper trough and associated jet 

features (not shown above) are likely to have contributed to the extent of lightning activity on 

27 October, through the upward vertical motions induced immediately ahead of the trough. 

On the other hand, it is also likely that with and following the trough was an area of deep 

descent through the upper troposphere. 

 

 

 

Figure 2. MSLP chart for 0000 UTC 27 October 2014 

Figure 3. 250 hPa ACCESS-R analysis for 1200 UTC 27 October. 
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The radiosonde soundings from Brisbane Airport, approximately 190 km northeast of 

Ballandean, on the morning and evening of 28 October shown in Figure 4 provide some 

evidence of this. Both soundings indicate an unstable atmosphere above surface inversions. 

Thunderstorms occurred on the trough during the afternoon and evening of 28 October, 

further northeast than those the previous day. These soundings also show that the 

atmosphere was relatively dry above the surface. However, the upper troposphere, above 

about 650 hPa, at 1100 UTC on 28 October was substantially drier than 12 hours earlier, 

consistent with the intrusion of dry air from still higher in the atmosphere as a result of 

dynamic processes occurring with the negatively tilted trough. Both soundings indicate that 

the lower atmosphere was unstable, with a near-dry adiabatic lapse rate from just above the 

surface to at least 650 hPa. In addition, the lower atmosphere was quite dry, with a dewpoint 

depression of 17 ⁰C at 850 hPa. The combination of factors results in a Continuous Haines 

Index of just over 11. 

 

 

 

 

 

Mesoscale influences 

On 27 and 28 October, maximum temperatures at Applethorpe AWS, shown in Figure 5, 

reached or exceeded 30 ⁰C, consistent with the radiosonde soundings above. On 27 

October, dewpoint temperature fell to around 0 ⁰C, indicating mixing to at least 850 hPa. 

Figure 4. Radiosonde soundings from Brisbane Airport at 2300 

UTC 27 (blue) and 1100 UTC 28 (red) October 2014. 
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Given that Applethorpe Automatic Weather Station (AWS) is at 830 metres elevation and 

Ballandean is located above 700 metres, this is unsurprising. During the late afternoon of 28 

October, the dewpoint temperature at the Applethorpe AWS fell to -13 ⁰C. This low dewpoint 

air would have originated above 650 hPa, based on the evening Brisbane Airport trace. 

Thermal mixing may have been the mechanism by which the airmass descent occurred, but 

it is also possible that turbulent mixing contributed, as the post-trough airmass moved over 

the significant topography of the Ballandean region (Mills, 2008) and/or mountain wave 

activity assisted in the descent of the dry air (see Kepert et al., 2016). A definitive answer to 

this and other questions would require a specific modelling study, which is outside the scope 

of the current work. 

 

 

Figure 5. Temperature (brown) and dewpoint temperature (green) at Applethorpe AWS, 24 km NNE of 

Ballandean, during 27-28 October. 

 

Notable fire behaviour resulting from interaction with weather 

The combination of fresh winds at times, low humidity and significantly elevated CHaines 

Index resulted in rapid fire spread at times during 27-28 October 2014. 

 

2.2 Cobbler Road fire, NSW, 8 January 2013 

Event summary 

The Cobbler Road fire started under Extreme fire danger conditions mid-afternoon on 8 

January 2013. The fire burnt quickly through mainly grassland, travelling 35 kilometres and 

covering 14 000 hectares within six hours. It caused significant damage to farming country 

including extensive livestock losses. Much of the activity took place overnight on 8-9 January 

2013. The strong westerly wind did not ease overnight and nearly 150 firefighters worked 

intensively to protect properties in the path of the fast moving fire (RFS, 2013). 

 

Antecedent conditions 

As with the Wambelong fire, ENSO (El Niño – Southern Oscillation) was largely neutral in the 

months leading to January 2013, but there was a positive Indian Ocean Dipole in winter-

spring 2012, predisposing parts of Australia, including New South Wales, to warmer and drier 
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conditions. Maximum temperatures in the three months leading to the end of December 2012 

were above average (decile 8-9) over most of New South Wales, shown in Figure 6(b), 

including the region to the west of the Australian Capital Territory where the Cobbler Road 

fire occurred. In December itself, temperatures in the immediate area of Cobbler Road were 

close to average, but remained average over the Australian Capital Territory to the east. The 

three month period to the end of 2012 was one of average to below average rainfall in 

southern New South Wales as shown in Figure 6(a), with December again close to average 

over southern New South Wales, west of the Australian Capital Territory. 

 

 

Synoptic situation 

On 8 January 2013, a heat trough extended across the Australian continent from a low off 

the Kimberley coast to southwestern New South Wales, which would develop into tropical 

cyclone Narelle during the day. A second trough lay from the southern New South Wales 

coast southwest to Tasmania, while a cold front moved towards the southeastern States from 

the Great Australian Bight, shown in Figure 7. The central Australian trough moved across 

the Cobbler Road fireground during the late afternoon, as the cold front crossed Tasmania, 

weakening in its northern reaches and decelerating, so as to cross the fireground in the 

evening as a weak wind change. 

 

Figure 6. Deciles for New South Wales for the 3 months ending December 2012 of (a) rainfall and (b) maximum 

temperature. 

 

Figure 7. MSLP chart for 0000 UTC 08 January 2013. 
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Upper air factors 

The Wagga radiosonde sounding in Figure 8, taken on the morning of 8 January showed that 

the atmosphere was largely already mixed to at least 600 hPa. Temperatures of up to 42 ⁰C 

during the day ensured that mixing would extend above 500 hPa, with the potential for winds 

of 40-45 knots (75-80 kilometres per hour) to mix to the surface. 

 

 

 

In addition, associated with the passage of the surface cold front, a 250 hPa trough moved 

over southeast Australia on 8 January. During the day the trough amplified and became 

negatively tilted overnight, with a northerly jet entrance close to the region of the fireground 

late in the day and early evening as shown in Figure 9. 

Upper level negatively tilted troughs have been shown to be associated with both active 

convection and with enhanced fire activity (Fox-Hughes 2015), and the passage of this 

trough during the late evening of 8 January through early morning of 9 January would likely 

have contributed to the unusually active behaviour displayed by the Cobbler Road fire during 

the overnight period. 

Figure 8. Wagga radiosonde sounding for 2300 UTC 7 January 2013. 
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Mesoscale influences 

While no specific high-resolution modelling has been performed for the Cobbler Road fire, it 

is likely that both the pre-existing trough over southern New South Wales and encroaching 

front (albeit weak) were accompanied by mesoscale vertical circulations such as were 

observed in modelling studies of other fire events, for example the study of the Wambelong 

fire described in Fawcett et al. (2015). Such circulations would have increased ventilation into 

the fire and assisted in the coupling of the surface with upper level weather conditions. 

 

Notable fire behaviour resulting from interaction with weather 

The rapid spread of the Cobbler Road fire occurred as a result of gusty westerly winds on 8 

January, together with high temperatures and low relative humidity. The temperatures 

ensured a deep mixing layer, so that winds from as high as 500 hPa could mix to the surface. 

It is also likely, however, that the unusual evening fire activity was able to occur due to the 

transport of momentum from the upper regions of the troposphere downwards under the 

influence of the amplifying negatively-tilted trough. From the mid-troposphere, the deep 

mixed layer would have facilitated the descent of high momentum air to the surface in the 

evening (Mills, 2008). 

 

 

 

 

Figure 9. 250 hPa Analysis for 1200 UTC 08 January. Following the chart time, the 

trough evident over southeast Australia continued to amplify and tilt more negatively. 
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2.3 North Grampians fire, VIC, 17 January 2014 

Event summary 

Lightning started a bushfire in the Grampians on 15 January 2014. The fire coincided with a 

heatwave in the Grampians region, as temperatures exceeded 40 ⁰C between the 15th and 

20th of January, and Forest Fire Danger Index (FDI) conditions were believed to be Extreme. 

The fire burnt 52 000 hectares of bush and farmland, destroyed 30 homes and killed 7000 

sheep before being contained on 21 January. A pyrocumulonimbus generated by the fire 

produced more lightning and lofted embers kilometres ahead of the fire front. 

Antecedent conditions 

Parts of Victoria, including the Grampians region, experienced below average rainfall for 

2013 and in particular during December, although the deficits were not severe. These rainfall 

deciles for 2013 are shown in Figure 10(a). Maximum temperatures were very much above 

average for 2013, as indicated by the maximum temperature deciles in Figure 10(b), which 

contributing significantly to fuel preconditioning. In addition, a heatwave occurred in mid-

January, between the 15th and 20th, with maximum temperatures exceeding 40 ⁰C in the 

Grampians region, accentuating the pre-existing fuel moisture deficit. 

 

 

Synoptic situation 

The mid-January 2013 Victorian heatwave was a consequence, at least in part, of a 

persistent high pressure system in the Tasman Sea which extended a strong ridge 

southward to the east of Tasmania from the 14th. The high pressure system directed a 

northerly airstream from the hot interior of the continent over Victoria and South Australia. 

With the passage of a cold front to the south of Tasmania on the 15th, a secondary high 

pressure cell developed west of Tasmania, and a trough occurred between the two high 

pressure systems. Thunderstorms developed on the trough during the afternoon and 

evening, igniting the North Grampians fire at several locations.  

A second front and associated prefrontal trough moved rapidly across the Great Australian 

Bight on 16 January, with a deep low pressure system well to the south increasing the 

northerly pressure gradient, and therefore the winds, over Victoria. The persistence of the 

Figure 10. Deciles for 2013 over Victoria for (a) rainfall and (b) maximum temperature 
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Tasman Sea high pressure system ensured that the low pressure system and cold front 

slipped to the south of the continent later on the 16th and into the 17th as shown in Figure 11, 

as the trough moved over Victoria, destabilising the atmosphere during the day. Also of note 

is the presence of tropical cyclone June near New Caledonia, which had developed over 

preceding days. The tropical cyclone and high pressure system to the south formed a 

blocking couple, which contributed to the slow movement of the high pressure system and 

had implications for the upper atmospheric structure. 

By 18 January, a high pressure system to the west had ridged over the Bight to the rear of 

the cold front, directing a cooler and more humid southeasterly airmass over Victoria. 

 

Figure 11. MSLP chart for 0600 UTC 17 January 2014 

 

Upper air factors 

The morning radiosonde sounding from Mt Gambier on 17 January shown in Figure 12 

highlights the warmth and dryness of the lower atmosphere as a result of the persistent 

northerly airstream. 

The sounding also indicates that there was a radiation inversion at around 900 hPa, with an 

unstable, essentially dry adiabatic layer between the top of the inversion and 600 hPa 

(approx. 4500 metres above sea level). Once the temperature exceeded about 38 ⁰C, the 

inversion would have eroded and mixing would be possible from the surface through the dry 

adiabatic layer, with an average dewpoint temperature near 0 ⁰C and winds of 60-70 

kilometres per hour. 

Associated with the surface frontal features was an upper trough with a strong jet stream, 

visible late on 17 January to the south of Tasmania in Figure 13(a). A split jet structure is 

evident around the block in the Tasman Sea, with strong upper level divergence implied over 

western Victoria. The upper divergence would, in turn, have led to a region of significant 

ascent at mid-levels evident in Figure 13(b), at 700 hPa. 
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Figure 12. Radiosonde sounding from Mt Gambier at 2300 UTC 16 January 2014 

 

 

Figure 13. NCEP/NCAR reanalysis charts valid 1200 UTC 17 January 2014, of (a) 250 hPa vector wind (in 

m/s) and (b) 700 hPa vertical motion (in Pa/s). 
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Mesoscale influences 

The presence of a surface trough in the region of the fire ground during the day would have 

contributed to air mass ascent, enhancing ventilation of the fire and lofting of firebrands (in 

addition to ascent through the development of convection columns in the unstable 

environment). 

Notable fire behaviour resulting from interaction with weather 

A combination of atmospheric features and conditions contributed to the development of a 

pyrocumulonimbus during 17 January over the North Grampians fire shown in Figure 14, and 

to the occurrence of spotting some kilometres ahead of the fire front. Deep instability was 

present due to the extreme heat over several days. The presence of a surface trough and 

upper level divergence would also have contributed substantially to ascent through the 

atmospheric column, greatly increasing the likelihood of significant spotting and the 

occurrence of a pyrocumulonimbus. 

 

 

Figure 14. Pyrocumulonimbus over North Grampians fire on 17 January 2014, visible from Stawell. (ABC 

News image) 
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2.4 Pinery fire, SA, 25 November 2015 

Event summary 

The Monthly Weather Review for November 2015 (Bureau of Meteorology, 2015a) 

summarised the Pinery fire as follows: 

"Hot and very dry conditions with strong north to northwest winds ahead of a strong and 

gusty west to south-westerly change affected much of South Australia on 25 November 

2015, leading to dangerous fire weather. Fire danger indices corresponding to the 

catastrophic fire danger category occurred in the Mid North and Murraylands and very briefly 

in parts of the Eastern Eyre Peninsula, Riverland and North West Pastoral districts. Several 

fires occurred but the most serious was the Pinery fire in the Mid North district to the north of 

Adelaide. This fire ignited about midday, and was a fast running grass fire. The fire initially 

spread south-eastwards as a long narrow fire, and when the wind turned, the long eastern 

flank became a broad front and the fire spread rapidly eastwards. About 82 000 hectares 

was burnt by the end of the day. Two people died, and several people suffered serious 

burns. Known losses include 87 homes either destroyed or significantly damaged, nearly 400 

other structures, mainly farm sheds and outbuildings, and 100 vehicles burnt. There were 

large crop and stock losses. The Pinery fire burnt from 25 November to 2 December 2015."  

Antecedent conditions 

As with several other events considered in this project, the Pinery fire occurred during the 

strong 2015-16 El Niño, with a positive Indian Ocean Dipole and positive Southern Annular 

Mode contributing to reduced rainfall and higher temperatures over southeastern Australia 

including the Mid North district of South Australia shown in Figure 15(a) and (b). November, 

however, while still higher than normal, was closer to average. While the area around the 

Pinery fireground had experienced lower than average rainfall over 2015 as a whole, and in 

the three months leading up to the end of November shown in Figure 15(a), November itself 

was a month of above average rainfall. 

 

 

Figure 15. (a) Rainfall deciles for South Australia for the three months ending December 2015 and (b) 

maximum temperature deciles for October 2015. 
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The result of these conditions was that grassland in the Mid North was 100% cured by 6 

November, according to Country Fire Service assessment. Cropping was underway at the 

time of the Pinery fire, so fuel load would have been variable across the region (Bureau of 

Meteorology, 2016a). 

Synoptic situation 

A high pressure system was located over South Australia on 24 November, with a trough 

over Western Australia and cold front over waters south of the continent. By the morning of 

the 25th, the West Australian trough had begun to move eastwards into South Australia, with 

second trough developing ahead of the front over the Great Australian Bight shown in Figure 

16. The leading trough brought a wind change into the Mid North District during the early 

afternoon, with the front and second trough crossing southern South Australia overnight. 

 

 

 

Upper air factors 

The Adelaide Airport radiosonde sounding from 2300 UTC on 24 November (0900 local time) 

shown in Figure 17 indicates a deep near-dry adiabatic layer from close to the surface to 

almost 500 hPa. At 900 hPa, a narrow layer of 50 knot (approximately 90 kilometre per hour) 

winds is evident, with 40-55 knot winds below 500 hPa, potentially available to mix to the 

surface as gusts when the temperature reached the forecast mid to high 30’s during the 

afternoon of the 25th. A Severe Weather Warning for Damaging Winds in excess of 90 km/h 

was issued during the morning outlining these forecast conditions. Further, the forecast 

Continuous Haines Index for the Mid North (and numerous other) districts for 25 November 

was 12, indicating potential for substantially enhanced fire activity on account of dry upper 

level air and instability, evident on the Adelaide sounding. 

 

Figure 16. MSLP chart at 0000 UTC on the morning of 25 November 2015. 
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Figure 17. Adelaide Airport radiosonde sounding 0000 UTC 25 November2015 

 

Mesoscale influences 

Radar and automatic weather station observations revealed the wind change to consist of a 

complex transition zone, with hot, dry northerly winds ahead of the leading edge, and cooler, 

more moist conditions to the rear of the trailing edge. The transition zone fluctuated in width 

over time and along its length, but in general the change took 15-30 minutes to move over 

any one location, with gusty conditions immediately ahead of and within the transition zone. 

Between 1430 and 1600 Local Time, the wind change moved across the Pinery fireground, 

resulting in the long eastern flank of the fire developing into the head fire. Fire behaviour only 

eased later in the afternoon and early evening with the advent of cooler and more humid 

weather conditions.  

 

Notable fire behaviour resulting from interaction with weather 

The proximity of Buckland Park Doppler radar to Pinery (approximately 25 km) meant that 

the smoke plume from the fire was clearly visible and could be tracked from Buckland Park. 

In addition, the wind change was tracked by radar as it moved across the radar viewshed. 
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2.5 Sampson Flat fire, SA, 2 January 2015 

Event summary 

After a severe rainfall deficiency for the six months from July to December 2014, Adelaide 

recorded 44.1 ⁰C on 2 January 2015 and 38.2 ⁰C on 3 January. The Sampson Flat fire 

started at around 12:20 pm 2 January in the Adelaide Hills, burning about 12 500 hectares 

and destroying 27 houses before it was contained on 8 January. Significant spotting from the 

fire was reported from about 2:20 pm on 2 January. Extreme Forest FDI and Grass FDI were 

reported from the nearest AWS to the fire on 2 January, with Continuous Haines Index 

calculated at 13 on the Adelaide Airport 22:00 CST sounding (Bureau of Meteorology, 

2015b). 

 

Antecedent conditions 

Southern South Australia experienced very much below average rainfall for the period from 

July to December 2014 shown in Figure 18(a). Temperatures were very much above 

average over much of the State and at a record high for some areas in the east and 

northwest for the three months to the end of December Figure 18(b). Further very high 

temperatures also occurred on 2-3 January 2015. 

 

 

 

 

Synoptic situation 

On 1 January 2015 a high pressure system moved into the Tasman Sea, moving slowly 

eastward over the next two days and directing a hot northerly airstream over South Australia. 

On 2 January, a trough lay west of Adelaide, with a cold front to the south and west moving 

steadily eastward across the Great Australian Bight shown in Figure 19. The trough 

enhanced the northerly flow over the southeast of South Australian, including the Sampson 

Flat area, only passing over the region late on the 3, when milder conditions developed. 

Figure 18. South Australian deciles of (a) rainfall for the six months July to December 2014, 

and (b) maximum temperature for the three months October to December 2014. 
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Upper air factors 

High temperatures, including an Adelaide maximum temperature of 44 ⁰C, ensured a deep 

mixed layer over South Australia on 2 January. The Adelaide Airport sounding in Figure 20 

shows that the boundary layer extended to at least 550 hPa during the day. The morning 

sounding (not shown) indicated the presence of a low level northwesterly jet of up to 30 knots 

(55 km/h) between one and two kilometres above the surface (Bureau of Meteorology, 

2015b). The deep mixed layer ensured the descent of those winds to the surface during the 

late morning and afternoon. The automatic weather stations close to the fire ignition location 

experienced strongest winds during the late morning on 2 January, with winds close to those 

values throughout the afternoon, resulting in Grassland FDI in the Very High to Severe 

range, and Severe to Extreme Forest FDI. 

On account of the dry and unstable conditions over South Australia on 2 January, the 

Continuous Haines Index calculated from the 1100 UTC radiosonde sounding was 13, the 

highest value of the index possible (Mills & McCaw, 2010). Such a high value would have 

contributed substantially to the level of activity of the Sampson Flat fire. 

Mesoscale influences 

The Sampson Flat fire occurred in complex topography. While there was no reported forcing 

by the terrain, it is very probable that the wind and hence the fire was funnelled, particularly 

by valleys and ridges oriented west to east during the initial run of the fire on 2 January. With 

the passage of the trough on the evening of 2 January, a complex series of wind changes 

ensued, from southwest to southeast, northeast and back to northwesterly during 3 January, 

all of which contributed to the progression of the fire, and its suppression difficulty. 

Notable fire behaviour resulting from interaction with weather 

Substantial spotting was observed from the fire on the afternoon of 2 January (Bureau of 

Meteorology, 2015b). The atmospheric dryness and instability noted above would have 

assisted with lofting of embers and to their longevity. 

 

Figure 19. MSLP chart for 0000 UTC 2 January 2015 
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2.6 State Mine fire, NSW, 16 October 2013 

Event summary 

State Mine fire was one of approximately 100 fires that burnt in New South Wales in mid-

October 2013, following a record warm September in the state. The fire was ignited by an 

explosives training exercise on Australian Defence Force land on 16 October in Severe 

Forest FDI conditions. It travelled up to 25 kilometres on the 17th, eventually burning in 

excess of 55 000 hectares, destroying five houses and damaging the historic Zig-zag railway. 

In total the fires that burnt in the Blue Mountains in October 2013 destroyed in total more 

than 300 homes.  

Antecedent conditions 

Maximum temperatures were at a record high for the three month period ending September 

2013 over much of New South Wales, and were at record high over a similar area for 

September itself shown by the temperature deciles in Figure 21(b). While very much below 

average rainfall was observed in a region of eastern New South Wales in the three months 

ending September shown in Figure 21(a), the rainfall deficiency was not as severe for the 

month of September. These factors preconditioned fuels, increasing their flammability. 

Figure 20. Adelaide Airport radiosonde sounding 1100 UTC 02 January 2015 
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Conventional soil moisture indicators such as the Keetch-Byram Drought Index (KBDI) in 

Figure 22(a) did not fully flag the degree to which soils had dried out in the lead up to the 

State Mine fire. Of note is that the Bureau’s pre-operational JASMIN soil moisture scheme 

(Dharssi & Vinodkumar, 2016) shown in Figure 22(b) indicated drier than usual conditions in 

the top layer of soil, between 0-10 centimetres deep. 

 

 

Synoptic situation 

A high pressure system was located in the northern Tasman Sea on 16 October 2013, with a 

cold front extending from a deep low to the southwest of Tasmania, moving rapidly eastward 

across the Great Australian Bight shown in Figure 23. A pre-frontal trough developed 

immediately ahead of the cold front during the 16th. The front and pre-frontal trough 

continued eastward on 17 October, crossing New South Wales during the day, and the Blue 

Mountains area later in the afternoon, with northwesterly winds increasing ahead of their 

passage. 

Figure 21. Deciles for New South Wales of (a) rainfall for the three months ending September 2013 and (b) 

temperature for September 2013. 

Figure 22. Soil moisture indicators for NSW on 16 October 2013 (a) KBDI, indicating neutral to moist 

conditions and (b) 0-10 cm JASMIN soil moisture layer, highlighting a generally dry state. 
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Upper air factors 

A number of factors contributed to the rapid spread of the State Mine Fire on 17 October. 

Windy conditions ahead of the front and pre-frontal trough were of course a factor. 

Accentuating the windy conditions were mountain waves formed by the passage of the air 

across suitably oriented mountains shown in Figure 24. This was demonstrated by high 

resolution modelling experiments carried out as part of the Bushfire and Natural Hazards 

CRC by the High Impact Weather team within the Bureau of Meteorology’s Research and 

Development Branch (Kepert et al. 2016). 

Mesoscale influences 

Research by the high impact weather team (Ching et al., in preparation) has shown that a dry 

band moved over the fireground during 17 October. Often, water vapour dry slots indicate the 

presence of a band of very dry air well above the surface, where the WV imagery is capable 

of detecting atmospheric features. Under suitable circumstances, the dry air can mix to the 

surface, affecting fire behaviour. In this case however, detailed air parcel tracing highlights 

that the dry air originated at or near the surface well northwest of the Blue Mountains in the 

dry continental interior, and was sandwiched between more moist airmasses to the northeast 

and southwest. 

Notable fire behaviour resulting from interaction with weather 

As noted above, a most significant feature of the State Mine fire was the rapid, wind-driven 

spread of the fire on 17 October. Winds at Mt Boyce AWS were above 10 m/s for most of the 

day, gusting above 20 m/s for several hours around the middle of the day. The winds, 

together with very low humidity (dewpoint temperature was below zero for most of the day), 

contributed substantially to the Severe Forest FDI recorded on the day, and the fire spread. 

 

Figure 23. MSLP chart for 0000 UTC 17 October 2013. 



Bushfire Predictive Services     Released: 08/04/17  
 

Version: 1.0  Detailed weather analysis for simulator evaluation Page 26 of 39 
 

 

 

 

 

 

2.7 Wambelong fire, NSW, 13 January 2013 

Event summary 

During the week leading to the Wambelong fire, Very High to Extreme fire danger occurred in 

the vicinity of the fire ignition location, with Extreme fire danger forecast for the 12th, and a 

Continuous Haines Index of 12-13. A fire started on the afternoon of the 12th, and burnt a 

large area on the 13th remaining uncontrolled for a week, burning eventually 56,280 Ha and 

53 houses (Dillon 2015). Extreme fire behaviour occurred, with lateral fire spread observed at 

times, and a pyrocumulonimbus cloud generated over the fire (Sharples, 2014). 

Antecedent conditions 

While ENSO (El Niño – Southern Oscillation) was largely neutral in the months leading to 

January 2013, there was a positive Indian Ocean Dipole in winter-spring 2012, predisposing 

parts of Australia, including New South Wales, to warmer and drier conditions. Maximum 

temperatures in the three months leading to the end of December 2012 were above average 

(decile 8-9) over most of New South Wales, and well above average (decile 10) inland shown 

Figure 24. Vertical cross-section through the atmosphere at 0200 UTC 17 October 2013, highlighting (a) 

region of enhanced winds in the lee of Blue Mountains topography and (b) the downward (red) vertical 

velocity of leeward air leading to stronger surface lee winds (from Kepert et al. 2016). 
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in Figure 25(b). In December itself, temperatures remained above average, with an area of 

decile 10 maximum temperature near the Warrumbungles National Park, within which the 

Wambelong campground lay. Similarly to the situation for temperatures, the three month 

period to the end of 2012 was one of very much below average rainfall shown in Figure 

25(a), with December itself closer to average over New South Wales, with a small region 

close to the Warrumbungles still substantially below average. 

 

 

Synoptic situation 

On 12 January 2013, a trough extended from the Tasman Sea westward across northern 

New South Wales and central Australia to Severe tropical cyclone Narelle off the West 

Australian coast, as a slow moving high pressure system lay over the Great Australian Bight. 

The trough moved north eastward across New South Wales on the afternoon of 13 January 

shown by the synoptic chart in Figure 26, with the combination of cooler southeast to easterly 

flow in its wake and hot air from the northern inland of the continent producing an 

exceptionally strong southwest-northeast temperature gradient over New South Wales 

(Fawcett et al., 2014). 

 

 

 

Figure 25. Deciles for New South Wales for the three months ending December 2012 of (a) rainfall and (b) maximum 

temperature. 

Figure 26. MSLP map for 0000 UTC 13 January 2013 
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Upper air factors 

Associated with the movement of the New South Wales and central Australian trough, and of 

a second trough further to the south, was an upper level trough shown in Figure 27. This 

feature moved over New South Wales later on 13 January, amplifying as it did so. A 

northwesterly jet lay on the eastern flank of the trough, and would have intensified as the 

upper trough developed. The left entrance region of the jet corresponds to upper level 

divergence, which would have contributed to vertical ascent in northern New South Wales, 

and potentially to the development of the pyrocumulonimbus observed over the Wambelong 

fire. Also contributing to the pyrocumulonimbus occurrence, and more general fire-

atmosphere coupling, was the instability of the atmosphere on 13 January in particular, with 

the mixed layer extending to around 4000 metres above the surface (Fawcett et al., 2014). 

 

 

 

 

Mesoscale influences 

Fawcett et al. (2014) investigated the meteorology of the Wambelong fire using multiple-

nested instances of the ACCESS model. They observed horizontal boundary layer roll 

vortices similar to those noted in studies of the Black Saturday fires. These features have 

been shown to enhance fire activity through the dynamically generated upward vertical 

motion associated with their passage over the fireground. In addition to the updraft (of 

around 5 m/s) associated with the wind change itself, further updrafts occurred near the 

fireground as a result of convective activity to the northeast. Following the change, mountain 

waves were modelled over the Warrumbungles National Park, strongest during the evening 

of the 13th. All of these factors would potentially have contributed to enhanced activity of the 

Wambelong fire. 

Figure 27. 300 hPa chart for 1200 UTC 13 January 2013 
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Notable fire behaviour resulting from interaction with weather 

The deep instability and, quite possibly, presence of the upper trough/jet structure and 

attendant vertical motions, contributed to the development of the observed 

pyrocumulonimbus, as noted above. The pyrocumulonimbus was associated with the 

occurrence of ember storms on the afternoon of the 13th, contributing to the rapid advance of 

the fire (Sharples, 2014). 

The combination of topography and northwesterly winds prior to the wind change on the 13th 

resulted in the occurrence of vorticity-driven lateral spread of the fire, where the fire spread 

rapidly, perpendicular to the wind direction in the lee of the hills (Sharples, 2014). 

 

2.8 Waroona fire, WA, 6 January 2016 

Event summary 

The following summary is extracted from McCaw et al (2016):  

"The Waroona bushfire (Perth Hills Fire 68) was ignited by lightning in the Murray River 

valley south-east of Dwellingup and was detected at 0630 hr on Wednesday 6 January 2016. 

Burning under prevailing east to northeasterly wind the fire made a series of major runs to 

the west, eventually burning to the Indian Ocean near Lake Preston. Around sunset on 7 

January the fire burned through the town of Yarloop resulting in the loss of two lives, 

destruction of more than 100 homes and severe damage to other buildings and 

infrastructure. The fire burnt a total area of 69 165 ha including 31 180 hectares of freehold 

land, making it the second largest individual fire in the south-west since the Dwellingup fire of 

January 1961. The fire was notable for its size and complexity, for the scale and duration of 

suppression operations, and for its significant social and economic impacts on the 

community of southwest Western Australia." 

 

Antecedent conditions 

In 2015, southwest Western Australia experienced a continuing trend of decreasing rainfall 

that commenced in the 1970’s. The rainfall decile map in Figure 28(a) highlights that the area 

around Waroona experienced rainfall in the lowest 10% of the rainfall record during 2015. 

While rainfall during December 2015 was above average, the underlying deficit remained. 

Temperatures during 2015 were also above average throughout Western Australia as shown 

by the maximum temperature deciles in Figure 28(b). Parts of southwest Western Australia, 

including Dwellingup, recorded their highest ever annual average maximum temperature. 

These factors would have acted to precondition fuels to burn, in the event of a fire ignition. 
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Synoptic situation 

On 5 January, a trough extended from central northern Western Australia to the southwest, 

with a strong high pressure system located south of the continent directing an easterly airflow 

over southwestern West Australia, shown on the synoptic chart in Figure 29. Showers and 

thunderstorms developed on the trough in the evening south of Dwellingup, with lightning 

recorded to the east of Waroona. By the morning of 6 January, the trough had moved 

offshore in southwestern West Australia, with the strong high persisting to the south. This 

resulted in gusty easterly winds over the Waroona area during 6 January. 

 

 

Figure 29. MSLP chart for 0000 UTC (0800 WST) 6 January 2016 

 

 

Figure 28. Deciles for Western Australia in 2015 (a) rainfall and (b) maximum temperature. 
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Upper air factors 

The morning radiosonde sounding from Perth Airport (approximately 110 km north of 

Waroona) at 0700 WST on 6 January indicated dry air above about 850 hPa, with 

substantially drier air again above 700 hPa. Further, the sounding was conditionally unstable 

above an inversion at 900 hPa, which would easily be eroded by the temperatures expected 

during the day. A similar situation prevailed on 7 January.  

Figure 30 shows the 0700 6 January sounding for Perth Airport, including the resulting 

Convective Available Potential Energy (CAPE) with a modification based on Waroona 

afternoon surface conditions. The modified sounding clearly supports the development of 

further afternoon thunderstorms. The passage of an upper level trough, and associated 

instability as described, would have contributed to the occurrence of pyrocumulonimbus on 6 

and 7 January (Peterson, 2017; Peace et al, submitted).  

 

 

Figure 30. Modified morning radiosonde sounding from Perth Airport 6 January 2016 

 

Mesoscale influences 

The Waroona fire straddled the Darling Escarpment. In the easterly wind regime in which the 

fire occurred, it is very likely that a hydraulic jump developed in the lee of the scarp with the 

associated vertical atmospheric motions contributing to the ember storms experienced at 

times during the course of the fire (Peace et al, submitted).  
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Notable fire behaviour resulting from interaction with weather 

The Waroona fire exhibited a number of features indicating a complex interaction with 

topography, fuels and weather. pyrocumulonimbus clouds developed on both 6 and 7 

January, with additional fire ignitions occurring from lightning generated in the 

pyrocumulonimbus. The first pyrocumulonimbus event, in particular, on 6 January, coincided 

with the advance of the sea breeze front, and the upward vertical motion associated with it. It 

appears (Peace et al., submitted) that lightning from the pyrocumulonimbus ignited fires 

closer to Waroona than the main fire front, and that those fires were enhanced by the gust 

front from the pyrocumulonimbus itself. 

 

2.9 Wuthering Heights fire, TAS, 26-27 January 2016 

Event summary 

As a result of several thousand lightning strikes, recorded over Tasmania on the evening of 

Wednesday 13 January 2016 with the passage of a trough and associated cold front, at least 

80 fires were ignited. Some 50 of those were detected immediately, with the remainder 

identified over the ensuing week. The fires were in many cases remote and difficult to 

access, however there was some property damage sustained in the northwest of the State. 

By early March, when fire authorities were confident that most fires were under control, some 

123 000 hectares had burnt, including approximately 20 000 hectares of the Tasmanian 

Wilderness World Heritage Area. 

The Wuthering Heights Road fire was ignited by lightning on 13 January, burning through a 

variety of fuel types, including moorland, plantation forest and wet eucalypt. Between 

successive line scans on the early afternoon of 26 January and late morning of 27 January, 

however, the fire increased substantially in size, burning right to the west coast in places and 

causing property damage around the settlements of Nelson Bay and Temma. 

Antecedent conditions 

Spring and early summer 2015 were very warm and dry in Tasmania. Figure 31 indicates 

that for the four month period 1 September – 31 December 2015 the western half of the 

State experienced record dry conditions. 

Similarly, record spring and early summer warmth occurred over Tasmania, and Australia 

more broadly with October 2015 being Australia’s warmest October on record, This warmth 

further pre-conditioned conventional fuels and contributing to the drying of the organic soils 

common in northwest Tasmania. These conditions were at least partly attributable to a strong 

El Niño event, positive Indian Ocean dipole and persistently positive Southern Annular Mode 

over the winter-spring of 2015. 
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Figure 31. Spring and early summer 2015 rainfall deciles for Tasmania 

 

During January 2016, anomalously high pressure persisted over Australia and the southeast 

of the continent in particular, resulting in generally dry and warm easterly airstreams over 

north-western Tasmania. This is shown in the average MLSP chart in Figure 32. 

 

 

Figure 32. Average MLSP chart for January 2016 
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Synoptic situation 

Figure 33 shows the synoptic situation for Australia at 1800 UTC (0400 AEDT). A high 

pressure system south of Tasmania directed a light easterly airflow over the State on 26 

January. This stream tended northeasterly and freshened overnight with the approach of a 

cold front south of the Bight.  

 

 

Figure 33. MLSP chart for 26 January 2016 

 

Upper air factors 

Conditions were stable overnight on 26-27 January, when the Wuthering Heights fire ran in 

places to the west coast. With the approach of cold front and associated troughs during 27 

January and into the following day, the atmosphere became quite unstable, with further 

thunderstorms developing. Lightning from these ignited further fires in a number of locations. 

Mesoscale influences 

The high to the southeast of Tasmania on the evening of the 26th and morning of the 27th 

January would have ensured the presence of an inversion over northwest Tasmania, with the 

possibility of downslope winds from the elevated topography to the east of the fire. Upwind of 

the fire, at Luncheon Hill AWS (344 m elevation), east to northeasterly winds averaging 35-

45 km/h occurred during the morning of 27 January, with gusts 55-60 km/h, and it is likely 

that the foreground would have experienced comparable winds. 

Notable fire behaviour resulting from interaction with weather 

The northwest and western Tasmanian fires in early 2016, including Wuthering Heights, 

occurred in generally remote and often difficult terrain. Often, the fires occurred in vegetation 

on organic soils, which also burnt due to the exceptionally dry conditions in the first few 

months of 2016 and was very difficult to extinguish. 

The persistent fires generated large amounts of smoke which sometimes extended, 

depending on air flow, over other parts of Tasmania and over Victoria. 
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2.10 Wye River fire, VIC, 25 December 2015 

Event summary 

A lightning strike on 19 December started a small fire near Wye River in southern Victoria. 

On Christmas Day the fire grew to 2080 hectares, destroying 116 homes in Wye River and 

Separation Creek, and continued to burn for several weeks in steep, difficult and heavily 

forested terrain. The event followed a heatwave in Victoria from 18-20 December.  

Antecedent conditions 

Much of Victoria had experienced low to very low rainfall in the 48 months to the end of 

December 2015, with some inland parts of the State having record low rainfall for that period 

shown by the deciles map in Figure 34(a). In particular, the three months to the end of 

December 2015 saw record low rainfall in the region around Wye River/Separation Creek, 

with very low (decile 1) rainfall over much of western Victoria (Figure 34(b)). 

 

 

 

 

 

 

Further preconditioning fuels, December 2015 experienced record maximum temperature for 

the month, and a heatwave occurred in south eastern Australia more generally between 18-

20 December shown in Figure 35. As with the Wuthering Heights event which occurred over 

the same season, a strong El Niño, positive Indian Ocean Dipole and persistent positive 

Southern Annular Mode contributed to the warmth and dryness preceding the Wye 

River/Separation Creek fire. 

 

 

Figure 34. Victorian rainfall deciles for 2015 for (a) two years 2013 to 2015 and (b) three months 

October to December 2015. 
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Figure 35. Maximum temperature deciles for Victoria for December 2015 

 

Synoptic situation 

Following the passage of troughs across Victoria on 19 and 20 December 2015, the weather 

over southeastern Australia was dominated by a high pressure ridge until a cold front moved 

across the region on 25 December shown by the synoptic chart in Figure 36. Lightning from 

thunderstorms on the 19th ignited a fire near Lorne in western Victoria, which became 

established in the warm to hot and settled conditions over subsequent days. With the 

approach of the front on December 25, winds tended northerly and freshened to 30-40 km/h 

during the day, with gusts 40-60 km/h  recorded at Aireys Inlet AWS, about 28 km northeast 

of the fire. As the cold front and trough approached, winds eased a little as the pressure 

gradient decreased, with the cold front passing through western Victoria late evening. 

 

 

Figure 36. MSLP chart for 11 am 25 December 2015 

  

Upper air factors 

The upper air sounding from Melbourne Airport on the morning of 25 December in Figure 37 

indicated an atmosphere with substantial dry layer above a weak inversion. Once the surface 
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temperature approached 30 ⁰C, mixing of that drier air to the surface would have 

commenced. Indeed, this is evident from a time series of temperature and dewpoint 

temperature (not shown) from Airey Inlet AWS, where, as temperature passed 30 ⁰C, relative 

humidity decreased from above 30% to below 20%. The dewpoint depression at 850 hPa 

and temperature lapse rate between 850 and 700 hPa ensured that the Continuous Haines 

Index exceeded 10, suggesting a high level of fire activity. 

 

 

 

 

Mesoscale influences 

The steep heavily wooded topography would have made firefighting difficult. In addition, it is 

likely that there were contributions to the fire development that occurred as a result of 

funnelling of winds by topography. 

Notable fire behaviour resulting from interaction with weather 

Spotting into the township of Separation Creek was evident from line scan and FLIR imagery 

(Leonard et al., 2016), which the high CHaines Index would have enhanced. 

  

Figure 37: Trace for Melbourne airport 24 December 2015 2300 UTC 
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Annex F. Comments on simulator developments 

Development continued on the simulators during the project. At a given point in time, a 

selection had to be made regarding the version/s for evaluation for each of the simulators. 

Any significant changes for the simulators that the project team were notified of after this time 

are noted in this Annex. 

The project made use simulators that were available at the beginning of the evaluation period 

(approximately June 2016). During this evaluation period, the following notable changes 

occurred: 

1. Updates of the Landgate interface, which allowed for more precise entries of spot-

weather. Allowing for wind direction in entries in degrees, rather than cardinal

compass points.

2. An update to the Spark framework (version 0.9.4) occurred which broke backwards

compatibility with previous simulator workflows.

3. Prometheus and Pandora was updated, breaking compatibility between the two.

Limiting the utility of Pandora for batch-mode executions of Prometheus.
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Annex G. Feedback survey example 

Case Study: Wuthering Heights 

Simulated from a known fire scar. Ignited at 2016-01-26T18:26:00+11:00 and run until 2016-
01-27T10:49:00+11:00. Red is the observed fire scar at 2016-01-27T10:49:00+11:00 and 
yellow is the simulator output. 

Question Answer / Comments 

Does the Phoenix simulation look correct, 
with your knowledge of the fire event and 
operational simulations? 

If NO can you explain what you expect to 
see? 

If YES do you agree that we should use 
this as a baseline simulation for the fire 
event. 

We can, and have, run numerical assessments of the performance of the simulators under 
evaluation. However, we feel it is important to obtain performance assessments from users, 
to ensure that subtler, but important, simulator characteristics are also captured in the 
evaluation project as well. Please fill the grey boxes below using the scale shown. 

Strongly 
agree 

Agree 
More or 

less agree 
Undecided 

More or less 
disagree 

Disagree 
Strongly 
disagree 

1 2 3 4 5 6 7 
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Characteristic  Phoenix 
4.06 

Phoenix 
4.07 

Phoenix 
4.08 

Phoenix 
5.00 

Spark 
basic 

Spark 
mcarthur 

Spark 
vesta  

Prometheus Australis 

Area                   

The area of the modelled fire scar is a good fit to 
the observed fire scar.  

               

Rate of spread                   

The position of the modelled and observed head 
fire agree. 

               

Bearing                   

The bearing of the modelled fire scar is a good fit 
to the observed fire scar. 

              

Shape                   

The aspect ratio of the modelled fire scar is a good 
fit to the observed fire scar. 
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