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House loss in wildland fire 

‘Black Saturday’ Fires - Geoff Cary 2009 



Fuel treatment location & effort 
89%  Fuel-reduction treatments > 2.5 km from WUI in western USA 

(Schoennagel et al. 2009. PNAS) 

8.5 km  Average distance from houses to prescribed burn 
(Gibbons et al. 2012. PLoS ONE) 

Fuel treatment effectiveness on … 
Wildland fire at WUI or in peri-urban areas 
House loss in the WUI in wildland fire 

Methods of investigation 
Landscape-scale simulation 
Empirical study of house loss 

Location, effectiveness, approaches 



Quantify relative importance of proximal vs. distant fuel 
treatment 

Area burned at WUI – simulation study 
Probability of house loss – empirical study 

Quantify these effects in relation to variation in weather 

Explore consensus/divergence between different study 
approaches 

Objectives 



Management Approach Effort 

Random 

Edge 

0,  10,  20,  30 percent of 
landscape in low fuel state 

0,  50,  100,  150 m wide 
edge treatment 

Simulation study 

FIRESCAPE ~ landscape-scale simulation fire events/regimes 
   (Cary & Banks 2000, Cary 2002)   

10 separate years of daily weather x 20 simulation replicates    
Response variable = Number of edge pixels ‘burned’ 



Ignition occurrence 
& location 

Weather generator 
or record 

Soil Dryness 
 Index 

Elliptical fire 
Spread & Huygens’ 

principle 

Daily/ 
Region 

Fire spread 
algorithm Hourly site weather 

Fuel & vegetation 
dynamics 

ROS neighbours 
(slope) 

Successful 
spread 

No further spread 

Hourly/ 
Site 

FIRESCAPE 



Cary GJ, Flannigan MD, Keane RE, Bradstock RA et al. (2009) Relative importance 
of fuel management, ignition management and weather for area burned: Evidence 
from five landscape-fire-succession models. International Journal of Wildland Fire 
18: 147–156 



Results ~ Importance of weather 

5% 

66 days of ‘High’+ 
FFDR / year 

33 - 35 days of 
‘High’+ FFDR / year 

94% less edge 
pixels burned 

Simulation study 



Results ~ Fuel management 
Simulation study 

95% 
less 

40% 
less 



Results ~ Fuel management 
Simulation study 



Results ~ Relative importance 
Simulation study 



Empirical study 

Kilmore East Fire 
    119 Fatalities 
 1,242 Houses 

Murrindindi Fire 
      40 Fatalities 
    538 Houses 

> 330,000 Ha 

Churchill Fire 
  25,861 Ha 
         11 Fatalities 
       145 Houses 



Tree/shrub cover40 
= 5 – 90% 

Buildings40 = 1 – 4  

FFDI = 5 – 189 

Slope = 0 – 23° 

% Clr = 0 – 33% 

% PB = 0 – 36% 

% Log = 0 – 33% 

Dist. To NP =   
 0.01 – 35 km 

 
 
 
 



Data set      499 houses stratified by weather, terrain, fuel 
       ~ 1/3 destroyed 
     12,000 measurements 

Statistical      Logistic regression modelling 

Modelling     Binary response variable = Intact / Destroyed 

Empirical Study 



Empirical study 

Results ~ Fuel management 

FFDI = 100 
 
Other variables 
held at their mean 
observed value 



Results ~ Fuel management 

60% 
less 37% 

less 
12% 
less 



Results ~ Fuel management 



Effect of Weather vs. Fuel 
Weather ≥ Fuel  Fire at edge (simulation) or Houses lost (empirical) 

Effect of Proximal vs. Distant 
Proximal  ~ 90%  ↓  Fire at edge (sim.) 

 ~ 60%  ↓  Houses lost (emp.) 

Distant  ~ 30%  ↓  Fire at edge (sim.) 

 ~ 10 - 30%  ↓  Houses lost (emp.) 

Residual risk 
Significant residual risk  ~ 30% 

Reasonable consensus – Simulation & Empirical approaches 
 

Key findings 



“Rates of structure loss were higher when structures were 
surrounded by wildland vegetation, … 
… but were generally higher in herbaceous fuel types than 
in higher fuel-volume woody types.”* 

*Relatively small contribution to explanatory power of model  
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