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Abstract 

Crown fires in forest ecosystems can pose a major threat to life and property due to their high intensities 

and rapid rates of spread. However, research into the prediction of crown fire dynamics in the Eucalyptus 

forests of Australia is limited. Previous studies have focused on coarse temporal scales, utilised low resolution 

weather based predictors, and disregard the spatial nature of crown fires. Our study aimed to use observations 

from large wildfires in eucalypt forests to develop an empirical model to predict the likelihood of crown fire 

events using environmental predictors at an hourly scale. Our study was conducted in south-eastern Australia 

using data from fifteen large wildfires that occurred between 2009 and 2015. Fire severity maps were created 

for each fire at a 30 m resolution using Landsat imagery from which we calculated the proportion of 30 m 

pixels experiencing crown fire within a 150 x 150 m window (2.25 ha). Predictor variables were chosen to 

represent the four key environmental drivers of fire behaviour, namely fuel moisture (i.e. live and dead fuel), 

fuel load and structure (i.e. surface, elevated and bark fuels, tree height), fire weather (i.e. vapour-pressure 

deficit, wind speed, relative wind direction) and topography (i.e. slope and ruggedness). Random Forests 

were used to model the effect of environmental drivers on the proportion of crown fire. Fuel moisture content 

variables were the best predictors of probability of crown consumption. Topographic variables and fire 

weather had only an intermediate influence and fuel load and structure had the lowest influence. Crown fire 

runs largely occurred when thresholds in vapour-pressure deficit (<4 kPa) and dead fuel moisture content 

(<7%) were exceeded. Predictions from the model showed a high degree of agreement with the raw fire 

severity maps. The proposed models have the potential to provide guidance on the likelihood of crown fire 

during fire events. 
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Extreme fire behaviours are responsible for a disproportionate level of damage (Cruz et al. 2012; 

Peace et al. 2016). However, there is limited research regarding their prediction. In part, this is due to 

the challenges with observing rare complex phenomena and difficulty in measuring behaviours that 

occur under dangerous conditions. Crown fires are a relatively common type of extreme fire behaviour 

in forest ecosystems, which are characterised by high fire intensities, rapid rates of spread and high 

release of radiant heat. Consequently, crown fires reduce the likelihood of successful suppression and 

can threaten lives of suppression crews (Alexander and Cruz 2011). Crown fires may have negative 

impacts on some ecosystems services such as biodiversity and water quality (Nyman et al. 2011; Smith 

et al. 2011). 

The occurrence and nature of crown fires has been extensively studied in conifer systems, with a 
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large number of models having been developed (Cruz and Alexander 2013). Crown fires have been 

found to be a function of crown fuel properties (such as dead fuel moisture content, bulk density and 

the gap from the surface fuels to the canopy), surface fuel properties, topography and weather 

conditions (such as wind speed, temperature). Despite its importance, published research into crown 

fire dynamics in the broadleaved Eucalyptus forests of Australia is limited.  

Remotely sensed maps of fire severity have been used to study environmental drivers of crown fires 

occurrence. Fire severity is a retrospective measure of the environmental impact of a fire (Keeley 

2009). Severity maps can be used to determine the influence of factors including fuels, weather, terrain 

and disturbance history on fire severity, as a surrogate of crown fire behaviour. Previous studies 

examining crown fire occurrence in eucalypt forest have used coarse scale measures of fire weather 

indices, which combine information on fire weather and moisture availability into one value (Price 

and Bradstock 2012; Taylor et al. 2014; Storey et al. 2016). These indices do not disentangle the 

contribution of fire weather and fuel moisture. Furthermore, past studies have considered the 

likelihood of crown fire at a single point (Price and Bradstock 2012; Collins et al. 2014; Storey et al. 

2016) whereas from a management perspective the prediction of large patches of crown fire, or crown 

fire runs is desirable as they have larger impacts and are a greater threat to fire suppression activities.  

In this study, we aimed to examine the relative importance for drivers of crown fires in Eucalypt 

forests. We use satellite derived fire severity mapping from 15 large wildfires in south-eastern 

Australia to develop a model to predict the likelihood and extent of crown fire events using spatially 

derived environmental predictors and a range of weather measurements.  

 

 

A key objective of our study was to model crown fire occurence in eucalypt forests using fine 

temporal scale (i.e. sub daily) fire weather data. Therefore, in our study we only considered fires that 

had reconstructed perimeter isochrones of progression and linescans at a sub-daily resolution1 and 

burnt predominantly within eucalypt forests. Fifteen case study fires between 2009 and 2015 met the 

criteria to be suitable for analysis. These fires all have several progression isochrones each day with 

an average interval of 4 hours. 

Fire severity maps were created for the study fires using Landsat imagery (30 m resolution) and a 

Random Forest (RF) classifier, following the approach outlined in Collins et al. (Collins et al. 2018). 

Fire severity maps were generated using the Google Earth Engine platform (Gorelick et al. 2017). The 

mapping approach used numerous spectral indices derived from pre- and post-fire Landsat imagery as 

predictor variables for a RF classifier. Five fire severity classes were classified in the mapping - 

unburnt, crown unburnt, partial crown scorch, crown scorch and crown consumption. We reclassified 

each pixel as either experiencing crown fire (i.e. crown consumption) or not. In our study we quantified 

crown fire runs by calculating the proportion of pixels experiencing crown fire within a 5 x 5 pixel 

moving window (150 m x 150 m).  

Predictor variables were selected to represent the four key drivers of fire severity included in 

existing crown fire models and fire severity studies – fuel moisture, fuel load, fire weather and 

topography. Eleven predictor variables were used in the analysis, each representing different aspects 

of the four drivers: i) Live and dead fuel moisture content (fuel moisture); ii) Surface, elevated and 

bark fuels and tree height (fuel load); iii) Vapour-pressure deficit, wind speed and relative wind 

                                                 

 

 

 

1 Linescans are images from high altitude aircraft mounted Infrared linescan systems 
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direction (fire weather); and iv) Slope and topographic ruggedness (topography). We used Random 

Forests1 to model the effect of these environmental drivers on (i) crown fire occurrence and (ii) the 

proportion of pixels experiencing crown fire. 

 

 

Assessment of the importance of predictor variables, based the Gini scores2, indicates that variables 

reflecting air and fuel moisture were most influential in determining crown fire runs, with fire weather 

and topography having intermediate influence and fuel load and structure having the lowest influence 

(Fig. 1). 

  
Figure 1 - Importance of predictor variables for the prediction of crown fire runs. Relative significance of variable is 

dimentionless value changing from 0 to 100 %. 

Dead fuel moisture content and vapour-pressure deficit. had clearly identified thresholds, below 

which crown fires rarely occurred. These threshold values for vapour-pressure deficit and dead fuel 

moisture content were 4 kPa and 6.9 % respectively. A decrease of dead fuel moisture content less of 

one percent (below 6.9%) and an increase of vapour-pressure deficit from 4 kPa to 7 kPa led to growth 

of the proportion of pixels where crown fires occurred by 3 times (Fig. 2). These findings highlight 

the fact, that moisture plays an important role in the ignition and combustion process (Zhou et al. 2005; 

Weise et al. 2016). Even low changes of it can vital increase the crown fire likelihood. 

For the predictor variables; tree height, surface fuel load, wind speed and relative wind direction, 

the number of pixels where crown fires occurred doubled. This occured at threshold values of: >35 m 

tree height, <18 t/ha load, >40 km/h speed, 45-90° and 135-180 wind direction. The rest of predictor 

variables changed within 10 % of pixels without showing any consistent patterns. 

 

                                                 

 

 

 
1 Random forests or random decision forests are an ensemble learning method for classification, regression and 

other tasks, that operate by constructing a multitude of decision trees at training time and outputting the class that is 
the mode of the classes (classification) or mean prediction (regression) of the individual trees. 

2 The Gini coefficient measures the inequality among values of a frequency distribution. 
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Figure 2 - Influence of dead fuel moisture content and vapour-pressure deficit on the percent of pixels effected by 

crown fire. Proportion is changing from 0 to 100 %, which is corresponding to total amount of pixels. 

Mapped predictions from the Random Forest model show a high degree of agreement with the 

mapped fire severity observations suggesting it could be useful tool for decision support (Fig. 3).  

 
Deddick, Vic 

Observation      Prediction 

Figure 3 - Comparison of observed proportion of pixels with crowning vs predicted. Proportion of pixels with 

crowning is changing from 0 (no crowning) to 1 (all pixels with crowning).  

As the weather variables can be forecast into the future, Random Forest predictions could be used 

to forecast the likelihood of crown fire runs while fires are occurring.  In the study area, potential fire 

runs could be forecast at an hourly temporal resolution for up to 7 days into the future. This could 

provide managers with a rapid means of assessing the likely fire impacts and risks to personnel. Such 

information would be invaluable for fire managers in terms of allocating fire suppression resources 

and issuing public warnings 

 

 

This study was funded by the Bushfire and Natural Hazards Cooperative Research Centre 

‘Determining threshold conditions for extreme fire behaviour’ project.  
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