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The inclusion of curvature-dependent rate of spread has been proposed as a computationally 

efficient way of improving simple fire-spread models. Such a technique has been used to model the 

behaviour of laboratory-scale junction fires (Sharples et al. 2013) and field-scale grass fires (Hilton et 

al. 2016), where it is shown that the inclusion of curvature dependence in a simple model improves 

the predictions of the model. Thomas et al. (2017) used a coupled atmosphere-fire model, WRF-Fire 

(Coen et al. 2013), to model junction fires (Viegas et al. 2012; Raposo et al. 2018). They did not find 

a relationship between local fireline curvature and local rate of spread in the model output, but they 

noted that, if it exists, such a relationship is unlikely to be local and should be searched for in some 

kind of mean sense. We report on more comprehensive numerical experiments in which we search for 

such a relationship using WRF-Fire. We also make a preliminary comparison of some fire-spread 

simulations using WRF-Fire and the pyrogenic potential model (Hilton et al. 2018). 

 

 

Thomas et al. (2017) compared the local curvature at a point on the fireline with the instantaneous 

rate of spread at that point; no relationship was found. However, pyroconvective processes driving 

fire-induced winds are not local, and the computation of fireline curvature is a discrete approximation 

which is susceptible to small-scale variability (noise). This is illustrated in the left-hand panel in Figure 

1. To increase the scale of the analysis, we compute an average fireline curvature by forming centred, 

moving averages of the pointwise fireline curvature, the averaging window having length 2r where r 

is arc length. Figure 1 shows the results for r = 50 m, and is typical of all averaging lengths considered. 

There does not appear to be a relationship between fireline curvature, averaged in this way, and rate 

of spread for the WRF-Fire modelled junction fires.  

 

 

Another way of increasing the scale of the analysis is to consider the curvature and the rate of spread 

of some notion of a mean fireline. To do this, we model fires that are ignited along a circular arc. At 

least for a period of time, these fires continue to burn in an approximately circular arc with radius r 

which decreases as the fire evolves. This provides a systematic way of defining average curvature, -

1/r, and average rate of spread, -dr/dt. Figure 2 shows the results for three configurations. In each panel 

the initial fireline has the same curvature, and in each case the curvature increases (becomes more 

negative) as the fire evolves.
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Figure 1 - Output of coupled atmosphere-fire model (WRF-Fire) for junction fires. Left panel: variability of pointwise 

fireline curvature in model output. Centre panel: average fireline curvature using 50 m radius moving window. Right 

panel: rate of spread versus average fireline curvature. 

The distances between the isochrones indicate that the rate of spread increases with increasing 

length of initial arc, and does not increase as the fire evolves and the curvature increases.  

 

 
Figure 2 - Arc fire evolution simulated using WRF-Fire. Grey lines are isochrones at 4 minute intervals of simulated 

fires ignited along arcs of 60º, 180º and 300º, with radius 1000 m. The distance between the isochrones indicates rate 

of spread. 

 

 

Hilton et al. (2018) described a new model that simulates pyrogenically-induced bulk surface flow; 

the flow is assumed to be irrotational and divergence free, and when restricted to the surface can be 

described using Poisson’s equation. Based on the assumption that surface winds are entrained into the 

plume, firelines represent sinks in the source term of the Poisson equation. The equation can be solved 

very efficiently, and the computed surface winds can be input into a fire-spread model, which then 

calculates fireline spread. The strength of the sinks are assumed to be related to fire intensity. This 

process can be iterated to provide a simple and very computationally efficient coupled model. Figure 

3 shows isochrones at 4 minute intervals for preliminary modelling of arc fires using the pyrogenic 

potential model. It exhibits similar features to Figure 2. In particular, rates of spread increase with 

increased initial arc length, and do not increase with increasing curvature as the fireline evolves. 
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Figure 3 - Arc fire evolution simulated using the pyrogenic potential model. The lines are isochrones at 4 minute 

intervals.  

 

Simulations of junction fires and arc fires using WRF-Fire do not indicate a relationship between 

fireline curvature and rate of spread at any scale. However, simulations of arc fires using WRF-Fire 

and the pyrogenic potential model exhibit similar features. This indicates the possibility that the results 

of a coupled atmosphere-fire model may be approximated, to first order, by a simple potential model. 

Future work may include comparison of these results with experiments, and exploration of the 

relationshipe between fire intensity and the strength of the sinks in the Poisson equation.   
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