
Changed patterns in fire regimes

Geoff Cary, Karen King, Ian Davies, 
Rob de Ligt, Amy Davidson

The Fenner School of Environment & Society



Geoff Cary

•• Fire danger/regime Fire danger/regime 
modellingmodelling

•• IgnitionIgnition

•• SpreadSpread

•• ExtinguishmentExtinguishment

•• ManagementManagement

•• FuelFuel



Fire danger

• A number between 0 and 100 that is 
directly related to the chances of a fire 
starting, its rate of spread, intensity 
and difficulty of suppression according 
to various combinations of temperature, 
relative humidity, wind speed and both 
long and short term drought effects.

A.G. McArthur 1973



2006



• 21 – 65% increase in VH/Ex FDR days for Canberra by 2050

• See also Pitman et al. 2007, Climatic Change



Fire Regime

“The components of a fire regime are the 
variables fire intensity, frequency of 
fire, and season of occurrence.”

A. Malcolm Gill (1975) Fire and the Australian Flora: a 
review. Australian Forestry 38:4-25.





Variance explained (%):
• Radiation 9

• Precipitation 13

• Temp/Elev. 9

• Unexplained ~ 50

GLM of fire frequency in conservation 
estate, Sydney region

i) Rob de Ligt (2005) Probability of burning with time-since-fire in the Sydney region. Honours Thesis, SRES, ANU
ii) Amy Davidson (2006) Key determinants of fire frequency in the Sydney region, Honours Thesis, SRES, ANU
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Cary, G.J. (2002) Importance of a changing climate for fire regimes in Australia. In Flammable Australia: The Fire 
Regimes and Biodiversity of a Continent. (Eds R.A. Bradstock, A.M. Gill, J.E. Williams ). Cambridge University Press.
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Σ FFDI versus IFI
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Model concensus ?

Cary et al. (2006) Landscape Ecology 21: 121-137





Examples of fire in DGVMs
Model DGVM Authors Drivers of area burned

MCFIRE MC1 Lenihan et al. 1998
Northwest Science

• MC of 1-, 10-, 100-, 1000-hour dead (& live) fuels 
• Biomass of above-ground pools
• Surface fire behaviour – Rothermel
• Crown fire initiation – Van Wagner
• Lightning ignition

GLOB-FIRM LPJ Thornicke et al. 
2001
Global Ecology & 
Biogeography

• Minimal fuel load threshold
• Litter moisture main driver of fire probability
• Length of fire season drives % of gridcell burned

Reg-FIRM LPJ Venevsky et al. 
2002
Global Change Biology

• Minimal fuel load threshold
• Number of fires vary with population density/lightning
• Area burned – windspeed, available fuel
• Stochastic  fire duration
• Explicit fire spread (assuming elliptically-shaped fire)

SPITFIRE LPJ
(JULES)

Spessa et al. in 
prep

• Human-caused ignitions
• Lightning-caused ignitions
• Explicit fire spread (assuming elliptically-shaped fire)
• ROS (based on Rothermel)

- fuel moisture (fire danger index)
- fuel bulk density
- wind speed
- curing

• Fire duration



Keel – Lessons 
from nference, 
Octob

ey, J.E., Witter, M.S. & Taylor, R.S. (2003) Challenges of managing fires along a wildland-urban interface 
 the Santa Monica Mountains, Los Angeles, California. Proceedings of the 3rd International Wildland Fire Co

er, Sydney.

Population and fires per decade for central coast and southern California



Price C, Rind  D (1994) Possible implications of global climate change on global lightning distributions and 
frequencies. Journal of Geophysical Research 99 (D5): 10823-10832
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Weather

Process models require daily weather & can handle 
sub-daily for fire spread

Replication fundamental to analysis of models with 
stochastic elements

Bias in 1 x CO2 simulated climate problematic for 
validation of fire models

• “the preferred method to incorporate climate 
change into landscape models is via a weather 
generator” (Cary 2002)

Pitman et al. (2007, Climatic Change) presents 
case for re-evaluation given recent developments 
in climate modelling
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Theoretical Model

Fire spread

Project Vesta

• Forest  - McArthur 1967
ROS Under-prediction

• Dry forest - Project Vesta

1. Weather domain (plot 
experiments vs. landscape 
fires)

2. Fuel ‘Hazard’ approach

• Shrubland

• Moist forest ?

cbHaUR 2=
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Consumption/emission

Considerable knowledge gaps in:

combustion/emission fraction;

variation with fire intensity
(Rob de Ligt, AGO High-country fire/carbon/climate change project) 
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South west Tasmania
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Simulation of fire risk

Source: Dr Karen King, Postdoctoral Fellow, Bushfire CRC
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Summary

• Approaches to modelling fire regimes include statistical to 
mechanistic; scales vary from landscape to globe

• Fire Danger and fire frequency likely increase in many places 
with climate change (and other aspects of global change)

• Consensus amongst independent models for forest systems

• Key issues in Australia include:
• Modelling lightning and human ignitions

• Dealing with 1 x CO2 weather

• Appropriate algorithms for fire spread

• Determining combustion and emission fractions

• Understanding fire extinguishment

• Representing management

• Fuel addressed by Fuel Dynamics Workshop, Shine Dome, 15-
16th August, 2007
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Model concensus ?

Cary et al. (2006) Landscape Ecology 21: 121-137; iLeaps Newsletter Issue 4, June 2007
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