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Fire behaviour models : an overview

Type of models

Many fire behaviour models have been developed over last 60 years, including
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Grassland (1998)
Inputs:

- Wind speed U
- Dead fuel moisture FMC
- % dry/green (curing) C

Formulation :
R = (a+b . (U - 5)d) . f(FMC) . g(C)

(based on 480 observations)

Heathlands (1998)
Inputs:

- Wind speed U
- Height of shrub layer H

Formulation :
R = a . Ub . Hd

(based on 117 field fires and 16 wildfire
observations)

Australian Rate of spread models - examples

European Rate of spread models - examples
Shrubland (Q coccifera garrigue), France 

(Trabaud 1979)
Inputs :

- Wind speed U
- Height of shrub layer H
- Live fuel moisture Mv

Formulation :
R = a . Ub . Hc / Mv

d

(based on 35 experimental fires)

Shrubland fuel types, Portugal
(Fernandes 2001)
Inputs:

- Wind speed U
- Height of shrub layer H 
- Dead fuel moisture FMC

Formulation :
R = a . Ub . Hc .exp (–d.FMC )

(based on 29 field experimental fires)

Fire behaviour models : empirical JL Dupuy - INRAe URFM
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Empirical ROS models reviewed by Sullivan 2009 

Fire behaviour models : empirical
380
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Table 3. Summary of empirical models discussed in the present paper
Fuel types: Pond., ponderosa pine needles; excel., excelsior (or wood wool). Listed abbreviations are: FMC, fuel moisture content; Add., Additive; Mul., multiplicative; M, FMC variable; U, wind speed;

ROS, rate of spread. Entries marked ‘?’ or ‘na’ are unknown or not applicable respectively

Model Field or laboratory Fuel type FMC function FMC range (%) Wind function Wind speed range (m s−1) Add. or Mul. ROS range (m s−1)

Empirical
CFS-accel Laboratory Pond./excel. na na 0.74(1 − e−0.9U ) 0–2.22 na 0.006–0.2
CALM Spinifex Field Spinifex −82.08M 12–31 U2 1.1–10 Add. 0–1.5
CFBP Field Forest e−0.1386M (1 + M5.31) ? e0.05039U ? Mul. ?
PWSTas Field Buttongrass e−0.0243M 8.2–96 U1.312 0.2–10 Mul. ?
CALM Mallee Field Mallee e−0.11Mld 4–32 U1.05 1.5–6.9 Mul. 0.13–6.8
CSIRO Grass Field Grass e−0.108M 2.7–12.1 U0.844 2.9–7.1 Both 0.29–2.07
Heath Field Heath/shrub na na U1.21 0.11–10.1 na 0.01–1.00
UdTM Shrub Field Heath/shrub e−0.027M 10–40 e0.092U 0.28–7.5 Mul. 0.01–0.33
CALM Jarrah I Laboratory Litter 1

0.003 + 0.000922M 3–14 U2.22 0.0–2.1 Mul. 0.002–0.075
CALM Jarrah II Field Forest M−1.495 3–18.6 U2.674 0.72–3.33 Mul. 0.003–0.28
UdTM Pinaster Field Forest e−0.035M 8–56 U0.868 0.3–6.4 Mul. 0.004–0.231
Gorse Field Gorse −0.0004M 22–85 na <1.4 na 0.004–0.039
Maquis Field Maquis na 15.3–27.7 0.495U 0.02–0.25 na 0.01–0.15
Helsinki Field Moss na 7–94 e2.286U 0.1–1.6 na 0–0.057
CSIRO Forest Field Forest M−1.495 5.6–9.6 U0.904 1.56–4.58 Both 0–0.38

Quasi-empirical
TRW Laboratory Match splints na na U0.5 0–4.7 na 0–0.007
NBRU Laboratory Match splints na na U3 0–9 na 0.004–0.38
USFS Laboratory Needles/excel. e−4.05M

(700 + 2260M ) 2–33 U0.91 0–3.1 Mul. 0–0.23
Coimbra Laboratory Needles na 10–15 na ? na ?
Nelson Laboratory/field Birch sticks na na U1.51 0.0–3.66 na <0.271

JL Dupuy - INRAe URFM
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Australian emprirical models

Fire behaviour models : empirical

Many other models have been produced for a variety of Australian vegetation covers, 
including forests and plantations 

iii
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Australian emprirical models

Fire behaviour models : empirical
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HISTORICAL 
OVERVIEW

Model Inputs (units) Output 
(units) Equations Common 

name

Southern grasslands

McArthur 
(1966a, 
1973b)

10-m open wind speed (km/h)

Air temperature (°C)

Relative humidity (%)

Curing level (%)

R (km/h) 3.1

3.2

Mk 3/4 
Grassland 
Fire Danger 
Meter

McArthur 
(1977)

10-m open wind speed (km/h)

Dead fuel moisture content (%)

Curing level (%)

Fuel load (t/ha)

R (km/h) 3.3 Mk 5 
Grassland 
Fire Danger 
Meter

Cheney et al. 
(1998)

10-m open wind speed (km/h)

Dead fuel moisture content (%)

Curing level (%) 

R (km/h) 3.5

3.6

3.10

3.11

CSIRO 
Grassland 
Fire Spread 
Meter

Grasslands - Hummock spinifex 

Griffin and 
Allan (1984)

2-m wind speed (m/s)

Air temperature (°C)

Relative humidity (%)

MC (%) live and dead

Spinifex cover (%)

Bare ground cover (%)

Patchiness

R (m/s) 3.12

3.13

3.14

Central 
Australia 
spinifex 
model

Burrows et al. 
(1991)

2-m wind speed (km/h)

MC (%) live and dead

Fuel load (t/ha)

Air temperature (°C)

R (m/h) 3.15 Spinifex 
model

Burrows et al. 
(2009)

2-m wind speed (km/h)

MC (%) live and dead

Fuel load (t/ha) or

Fuel cover (%) and height (cm)

Likelihood 
of fire 
spread

R (m/h)

3.16

3.17

3.18

3.19

3.20

WA spinifex 
model

Table 2.1. Summary list of fire spread rate (R) models presented in this book organised by fuel type group, 
their input variables, equation number(s) and common name.

15

HISTORICAL 
OVERVIEW

Model Inputs (units) Output 
(units) Equations Common 

name

Grasslands - Tropical savannas

Cheney et al. 
(1998)

10-m open wind speed (km/h)

Dead fuel moisture content (%)

Curing level (%)

Overstorey type

R (km/h) 3.5

3.6

3.10

3.11

CSIRO Fire 
Spread 
Meter for 
Northern 
Australia 

Shrublands – Buttongrass moorlands

Marsden-
Smedley and 
Catchpole 
(1995a)

2-m wind speed (km/h)

Dead fuel moisture content (%)

Fuel age (years)

R (m/min) 4.1 Buttongrass 
model

Shrublands heathlands

Catchpole 
et al. (1998)

2-m wind speed (m/s)

Fuel height (m)

R (m/s) 4.4 Heathland 
model

Anderson 
et al. (2015)

10-m wind speed (km/h)

Dead fuel moisture content (%)

Fuel height (m)

R (m/min) 4.5 Heathland 
model

Shrublands Mallee-heath

McCaw (1995) 2-m wind speed (m/s)

Dead fuel moisture content (%)

R (m/s) 4.7 WA mallee 
model

Cruz et al. 
(2010)

10-m open wind speed (km/h)

Dead fuel moisture content (%)

Near-surface Fuel Percent 
cover Score (PCS)

Elevated Fuel Hazard Score 
(FHS)

Overstorey Height (m)

Likelihood 
of fire 
spread

Likelihood 
of crown 
fire spread

R (m/min)

4.8

4.10

4.11

4.12

4.13

SA heath

SA mallee-
heath

Cruz et al. 
(2013)

10-m open wind speed (km/h)

Dead fuel moisture content (%)

Overstorey Cover (%)

Overstorey Height (m)

Likelihood 
of fire 
spread

Likelihood 
of crown 
fire spread

R (m/min)

4.14

4.16

4.17

4.18

4.19

Mallee-heath

JL Dupuy - INRAe URFM
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HISTORICAL 
OVERVIEW

Model Inputs (units) Output 
(units) Equations Common 

name

Dry eucalypt forests – prescribed burning

McArthur 
(1962)

1.5-m wind speed (km/h)

Dead fuel moisture content 
(%)

Fuel load (t/ha)

R (m/min) 5.1
5.2
5.3
5.4

Leaflet 80; 

Control 
Burning 
Guide

Sneeuwjagt 
and Peet 
(1985)

1.5-m wind speed (km/h)

Dead fuel moisture content 
(%)

Fuel load (t/ha)

R (m/h) 5.9

5.10

5.11

5.12 - 5.17

Red Book; 
Forest Fire 
Behaviour 
Tables

Cheney et al. 
(1992)

2-m wind speed (km/h)

Dead fuel moisture content (%)

Near-surface fuel height (m)

R (m/min) 5.18 Young 
Regrowth 
Forest 
Burning 
Guide

Dry eucalypt forests – wildfire

McArthur 
(1967, 1973a)

10-m open wind speed (km/h)

Air temperature (°C)

Relative humidity (%)

Drought factor

KBDI (mm)

Time since rain (days)

Rainfall (mm)

Last rain amount (mm)

Available litter fuel load (t/ha)

R (km/h) 5.19

5.20

5.27

Mk 5 Forest 
Fire Danger 
Meter

Cheney et al. 
(2012)

10-m open wind speed (km/h)

Dead fuel moisture content (%)

Surface Fuel Hazard Score 
(FHS)

Near-surface (Fuel Hazard 
Score (FHS)

Near-surface fuel height (cm)

Fuel Hazard Rating (FHR)

R (m/h) 5.28

5.29

5.31

Dry Eucalypt 
Forest Fire 
model

Vesta model
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HISTORICAL 
OVERVIEW

Model Inputs (units) Output 
(units) Equations Common 

name

Wet eucalypt forests – prescribed burning

Sneeuwjagt 
and Peet 
(1985)

1.5-m wind speed (km/h)

Dead fuel moisture content 
(%)

Fuel load (t/ha)

R (m/h) 6.1

6.2

6.3

6.4

6.9

Red Book; 
Forest Fire 
Behaviour 
Tables

Pine plantations – prescribed burning

Byrne (1980); 
Hunt and 
Crock (1987)

10-m open wind speed (km/h)

Relative humidity (%)

Available understorey fuel 
load (t/ha)

R (m/h) 7.1 Prescribed 
burning 
guide Mk 3

Sneeuwjagt 
and Peet 
(1985)

1.5-m wind speed (km/h)

Dead fuel moisture content (%)

Fuel load (t/ha)

R (m/h) See 5.9 - 5.17

7.2

7.3

Red Book; 
Forest Fire 
Behaviour 
Tables

Pine plantations – wildfire

Cruz et al. 
(2008)

10-m open wind speed (km/h)

Air temperature (°C)

Fine dead fuel moisture 
content (%)

Live foliar moisture content (%)

Fuel strata gap (m)

Surface fuel model

Canopy bulk density (kg/m3)

Stand height (m)

Stand density (trees/ha)

R (m/min)

Fire type

PPPY – Pine 
Plantation 
Pyrometrics

JL Dupuy - INRAe URFM
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Generic ROS models for grassland and shrubland

Fire behaviour models : empirical

- Prediction of Fire Spread in Grasslands - 9 

curing approaches 100 percent. Our field observations in 
earlier experimental grass fires in the Northern Territory 
and elsewhere (CSIRO unpublished data) are that grass 
fires generally will not spread when the grass curing is < 
50 percent. There was no significant correlation between 
R and curing stage when ocular estimates of curing ranged 
from 85 to 100 percent (Cheney et al. 1993). Therefore, 
we have assumed a sigmoidal function between 50 and 
100 percent curing. This function for the curing coeffi- 
cient ( 4 C )  reflects the major influence of grass curing on 
fire spread which occurs when grasses are between 70 
and 90 percent cured (Figure 6). The equation for this 
curing function is: 

4 C  = 1.12041 + 59.2 exp (-0.124 (C-SO))] (17) 

where C is the degree of grass curing (9%): application 
bounds 50 - 100%. 

Prediction offorward rate of spread 

The general fire spread equations to predict the quasi- 
steady rate of spread of grass fires in two major pasture 
types on level ground are: 

when U,, < 5 km h-' 

Rn = [0.054 + 0.269 Ulo] . 4 M  . 4 C  (18) 
Rcu = [0.054 + 0.209 U,,] .+M .4 (19) 

when U,, > 5 km h-' 
Rn = [1.4 + 0.838 (Ulo - 5).844] . 4 M  . 4 C  (20) 

where 
Rn = quasi-steady rate of spread in undisturbed natural 

pastures (km h-I). 
Rcu = quasi-steady rate of spread in cut, grazed, or par 

tially trampled pastures (km h-') 
U,, = 10 m wind speed in the open (km h-') application 

bounds (0-80 km h-I). 
$M = moisture coefficient (equations 14, 15, 16) 
4 C  = curing coefficient (equation 17) 

The form of the moisture content coefficient 4 M  is 
illustrated in Figure 5 ;  the curing coefficient is illustrated 
in Figure 6; and, the relationship between R and U,, at 
different fuel moistures is illustrated in Figure 7. 

We recognise that fires will spread slower in eaten- 
out pastures than they will in continuous pastures (see 
spread rates for the Creswick, Strathmore (S2) and Cudgee 
fires in Table 1 and Figure 4). We do not have experi- 
mental data for fires in eaten-out pastures at low wind 
speeds. However, for predicting wildfire spread we con- 
sider that the eaten-out pastures should be identified and 

Degree of grass curing(%) 
Figure 6. Relationship between curing coefficient ( 4 C )  and degree of grass curing (C) (Equation 17). 
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The prediction from equations 11 and 12 at a fuel mois- 
ture content of 2.92 percent (the fuel moisture predicted 
for T = 40°C and RH = lo%), are compared with the data 
from experimental fires in Figure 4 a and b. Data from 
wildfires, also reduced to the same moisture content are 
overlaid on the plot. The wildfire data were not used in 
the development of the model. It can be seen that the 
wildfire data all fall within 95 percent prediction limits. 

Fuel moisture coefficient (4M) 

The results from equation 3 produced a function for 
the fuel moisture co-efficient of: 

4 M  = exp (-0.108 M,) (13) 

over a range of fuel moisture content between 2 and 
12 percent. The fuel moisture of extinction (Mx - the fuel 
moisture content at which a fire will not spread) ranges 
from 20 to 24 percent depending on the wind speed 
(CSIRO unpublished data). If the moisture function is 
extrapolated beyond 12 percent the moisture coefficient 
( 4M)  asymptotes towards zero but does not equal zero 
when fuel moisture content is greater than 20 percent 
(moisture of extinction). We had insufficient data to sta- 
tistically estimate the relationship between R and M, be- 
tween moistures of 12 percent and Mx. We assumed that 
if the wind speed was < 10 km h-l, Mx = 20 percent and if 

wind speed was > 10 km h-' Mx = 24 percent. To deter- 
mine the 4 M  if the dead fuel moisture content was greater 
than 12 percent we assumed a linear relationship between 
4 M  at M, = 12 and Mx. The moisture coefficients for the 
different values of M, and wind conditions are shown in 
Figure 5 and the equations are: 

4 M  = exp (-0.108 M,) if M, < 12% (14) 

4 M  = 0.684 - 0.0342 M, if M, > 12%, U,, < 
10 km h-' (15) 

4 M  = 0.547 - 0.0228 M, if M, > 12%, U,, > 
10 km h-' (16) 

where M, = dead fuel moisture content (%): applica- 
tion bounds 2 - 24%. 
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0 2 4 6 8 10 12 14 16 18 20 22 24 

Fuel moisture content (%) 

Figure 5. Relationship between the fuel moisture coefficient ($M) and dead fuel moisture content (M,) (Equation 14, 15, and 16). 

Grassland (Cheney et al 1998)
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Generic ROS models for grassland and shrubland

Fire behaviour models : empirical

Shrubland (Anderson et al 2015)

U10 10 m – wind speed
Md dead fuel moisture content
wf is a wind reduction factor,
0.67 for shrublands and 0.35 for woodlands

Estimation of live fuel moisture content would constitute an
added layer of complexity to the operational use of the model,
and its inclusion added little to the predictive ability of the
model using height alone. The fit of the model with height as a
vegetation descriptor is given as Eqn 3:

R ¼ aUb
2 h

c expð#kdMdÞ ð3Þ

with coefficients and their standard errors given in Table 5. In
Table 6, we can see that the error statistics are only marginally
improved by adding live fuel moisture content as an input
variable. Fig. 2a presents the observed versus predicted rate of
fire spread values using Eqn 3. Notably, all fires with an
observed rate of fire spread higher than 35 m min#1 are
underpredicted.

A residual plot showed that the two outliers in the SA group
that had much higher rates of fire spread than those predicted by

the model also had fairly low bulk densities (0.74 and
1.0 kg m#3). Because there are physically based reasons for
bulk density to decrease the rate of fire spread (Thomas 1971;
Rothermel 1972), a model was fitted using bulk density rb
instead of height. The model is given in Eqn 4:

R ¼ aUb
2r

c
b expð#kdMdÞ ð4Þ

The variables live fuel moisture content (Ml), percentage of
live fuel (pl), vegetation cover (C) and ignition line length (L)
were added to the model in Eqn 4, but none of them was
significant. Ml and rb had a low correlation (r¼#0.14), and it
can safely be said that if bulk density is included in the model,
Ml has no effect. Coefficients and their standard errors for Eqn 4
are given in Table 5. Error statistics for this model were slightly
higher than found for the models represented by Eqns 2 and 3
(Table 6). The observed versus predicted rate of spread values
for the model represented by Eqn 4 are shown in Fig. 2b.
Although the error statistics are somewhat poorer than those
for Eqn 3, the outliers are less pronounced.

For both models, the variance of the random effect, a, was
extremely small compared with the residual variance (,10#7);
thus, there was no significant variation in a from group to group,
and a simple non-linear fit to the data would have given similar
results. Non-random effect models were used in the analyses.
Normal quantile plots and significance tests of normality of the
residuals showed no deviation from normality for any of the
models.

Operational model

The models using 2-m wind speed, elevated dead fine fuel
moisture content and either vegetation height or bulk density
could be used to predict fire spread rate potential in an operational
setting. Nonetheless, the inclusion of bulk density in any model
will add an extra layer of uncertainty as it will require knowledge
of fuel load. The prediction ofmoisture content is discussed later.
In practice, only the 10-m wind speed would be available, so the
models in Eqns 3 and 4 were modified to include the 10-m wind
speed and a wind reduction factor wf (0.67 and 0.35 for heath-
shrublands and woodlands respectively).

To avoid the problem of predicting zero spread rate in no-
wind conditions, the model was modified below a 10-m wind
speed of 5 km h#1 to decrease linearly to a spread rate depending
only on height (or bulk density) and dead fuel moisture content
(see also Cheney et al. 1998). The resulting two-step model
including height is:

R ¼
½R0 þ 0:2ðað5wf Þb # R0ÞU10'hc expð#kdMdÞ;U10 o 5

aðwf U10Þbhc expð#kdMdÞ;U10 ( 5

(

ð5Þ

whereU10 is the 10-m open wind speed,wf is the wind reduction
factor, and R0 is the rate of spread in zero-wind at a moisture
content of zero and height of 1.0 m. The constants a, b, c and kd
are those given in Table 5 for Eqn 3. When U10¼ 5 km h#1, the
two parts of the equation are equal. In the following equation,
R0 was taken as 5 m min#1, which was in reasonable agreement
with field observations.

Table 4. Pearson correlation coefficient, r, between the variables in the

model development dataset

n¼ 79. Significant correlations are shown in bold font

R U2 Md Ml h w C rb pl L

R 1 0.43 20.46 0.14 0.22 0.14 #0.09 20.19 #0.08 #0.01

U2 1 0.18 0.30 0.19 0.31 20.21 0.13 20.30 0.13

Md 1 0.08 0.23 0.29 20.21 0.25 20.22 0.06

Ml 1 0.52 0.55 #0.05 20.13 20.44 0.08

h 1 0.69 #0.19 20.30 20.28 #0.04

w 1 0.14 0.38 20.32 #0.03

C 1 0.48 0.65 20.52

rb 1 0.06 #0.12

pl 1 20.47

L 1

Table 5. Coefficients and standard errors (in parentheses) for the

models given in Eqns 2–4

Constant (a) U2 (b) Md (kd) h (c) rb (c) Ml (kl)

Eqn 2 6.4211 0.9942 0.0761 0.3722 0.003131

(1.8327) (0.1297) (0.0075) (0.0790) (0.001148)

Eqn 3 5.6715 0.9102 0.0762 0.2227

(1.6975) (0.1336) (0.0082) (0.0681)

Eqn 4 3.8320 1.0927 0.0721 #0.2098

(1.2182) (0.1425) (0.0094) (0.1189)

Table 6. Error statistics for themodels given in Eqns 2–4 for themodel

development dataset

RMSE, root-mean-squared error; MAE, mean absolute error; MBE, mean

bias error; MAPE, mean absolute percentage error

n RMSE MAE MBE MAPE

Eqn 2 (h and Ml) model

development set

79 6.7 5.0 0.2 38

Eqn 3 (h) model development set 79 7.0 5.3 0.2 40

Eqn 4 (rb) model development set 79 7.4 5.8 0.3 42
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The analysis found a significant effect of live fuelmoisture in
a model with height. However, live fuel moisture content was
quite strongly correlated with height (r¼ 0.52 in Table 4), and
this may be part of the reason for its significance in a model with
height. Alexander and Cruz (2013) reviewed the empirical
evidence from 14 distinct studies of shrubland fire behaviour
in relation to the effect of live fuel moisture content on fire
spread rates. Counterintuitively, none of the studies found the
moisture of live fuels to be significantly correlated with rate of
fire spread (e.g. Lindenmuth and Davis 1973; van Wilgen et al.
1985; Marsden-Smedley and Catchpole 1995b; Sağlam et al.
2008; Davies et al. 2009).

Model evaluation

The Awarua wetland wildfire, in New Zealand (Pearce et al.
1994), was underpredicted badly by the height model (see
circled triangle in Fig. 3a). This fire occurred under conditions
of low air temperature (12–138C), high relative humidity (76–
82%) and strong surface winds (43–50 km h"1). Its spread rate is
predicted to be low, partly because of the predicted moisture
content (18%), and partly because the vegetation height was low
(0.9m). It also had significant fuel discontinuities due to areas of
open water. However, its spread rate is better predicted by the
bulk density model (Fig. 3b) as the bulk density was low
(0.44 kg m"3). Similarly, the two outlying underpredicted
experimental fires from SA (Fig. 2a) were better predicted by
the bulk density model (Fig. 2b). These were fires with low
vegetation height (0.43 m) and low bulk density (0.74 kg m"3).
This indicates that the effect of bulk density is important.
However, it is difficult to estimate in the field, and the relatively
poor evaluation results may reflect this. The fuel height model
badly underpredicted the spread rate of the fastest-moving fire in
the wildfire evaluation dataset (100 m min"1) that came from a
fire burning in mature scrub-heath under extreme fire danger

conditions (Table 8). Reliability scores for weather, fuel and
spread observations were similar for this fire, as for others from
the same incident and we are unable to identify an obvious
reason for the underprediction. We alert model users to the
possibility of very fast spread under extremeweather conditions,
and recommend that predictions be verified and if necessary
adjusted regularly against field observations.

Seven of the wildfires were in woodland areas characterised
by low canopy height (,10 m) and low cover (,20%). The
model represented by Eqn 5 predicted these wildfires with a
MAPE of 33% (equally well as the fires in open heath), showing
that the change in wind-reduction factor from 0.67 to 0.35 was
reasonable. The dead fuel moisture content in woodland may
be underestimated by the model of Matthews et al. (2010)
because of the reduction of solar radiation by the canopy, but
overall, themodel fit shows the potential of themodel developed
in the current study to be extrapolated to predict the fire spread
rate in open woodlands with a shrub understorey.

The ratios of observed to predicted values for the vegetation
height and bulk density in the models in Eqns 5 and 6 for the
wildfire evaluation dataset were plotted against the three reli-
ability measures for wind speed, fuel and fire spread rate data.
Linear regressions were then performed to see whether these
ratios increased with decreasing reliability. No significant
change in these ratios was found with reliability.

Ignition line length effect

Rates of spread for fires with ignition line lengths less than 50 m
were clearly slower than expected for quasi-steady-state fires.
The results obtained in our analysis must be seen as exploratory
in nature as the present study did not investigate this aspect of
fire dynamics. One of the limitations of the present analysis is
that, contrary to Cheney et al. (1993) who used fireline width as
their explanatory variable, only ignition length was available as
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Fig. 4. Graphs of (a) Eqn 7 overlaid on the ratio of the observed values to the predicted rate of fire spread values from Eqn 5

(vegetation height model) for experimental fires with ignition line lengths less than 50 m; and (b) observed rates of fire spread versus

predictions from Eqn 5 (vegetation height model) for fires with ignition line lengths less than 50 m with the ignition line length

correction factor in Eqn 7 applied.
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Fire behaviour models : empirical
The Canadian Fire Behaviour Prediction System  (1992)

Canadian Fire Weather
Index (FWI) System
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10

Fire behaviour models : empirical
The Fire Weather Index (FWI) System

It is a widely used fire danger (not fire beahviour) prediction system
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Fire behaviour models : empirical

Rate of spread prediction

Inputs:

- Fuel types (currently 16 types)

- Wind and fuel moisture through the ISI

Formulation :

One equation for eah fuel type (500 
fire experiments) :

R = a . [1 – exp(-b . ISI)c]

Terrain slope effect : an empirical law
to correct for slope

The Canadian Fire Behaviour Prediction System  (1992)

C3 – Mature Jack or Lodgepole Pine

S2 – White Spruce – Balsam Slash

C1 – Spruce-Lichen Woodland

C6 – Conifer plantation

M1 – Boreal Mixedwood-Leafless M4 – Dead Balsam Fir Mixedwood

JL Dupuy - INRAe URFM
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The Rothermel model (1972) – USDA Forest Service

x

z

y
J

ΔV

Fire behaviour models : semi-empirical

The model is based on an energy balance for fuel bed pre-heating (Frandsen 1971), 
parameterized from laboratory experiments .

When fire approaches at rate R, a fuel elementary volume ΔV receives heat from flames and 
hot embers in the form of horizontal and vertical 'propagating fluxes' J, leading to its ignition:

𝑅 𝜌𝑒𝑄𝑖𝑔 = 𝐽 = 𝐽0 + 𝐽v

Preheating heat flux 
(kW/m2) 

Horizontal propagating
flux (kW/m2) 

Vertical propagating flux 
(kW/m2) 

J0 ΔV

No wind, no slope(𝐽 ≈ 𝐽0)

𝜌𝑒 = 𝜀 𝜌𝑏 , is the mass of fuel bed effectively burned per unit volume
(𝜌𝑏 bulk density of the fuel bed kg/m3)
𝑄𝑖𝑔 is heat of ignition kg/m3

JL Dupuy - INRAe URFM
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

No slope, no wind

The 'propagating flux' 𝐽0 is assumed proportional to the heat flux released by the combustion 
of a unit area of fuel bed, called the reaction intensity (this is different from fireline intensity) 

J0 ΔV

IR

𝐼𝑅 =
Δ𝐻𝑐 𝑤𝑎

𝜏
Δ𝐻𝑐 is the low heat of combustion of the fuel (kJ/kg)
𝑤𝑎 is the fuel load consumed (kg/m2) 

𝜏 is a characteristic time of fuel combustion (s) 

JL Dupuy - INRAe URFM
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

No slope, no wind conditions

The 'propagating flux' 𝐽0 is assumed proportional to the heat flux released by the combustion 
of a unit area of fuel bed, called the reaction intensity (this is different from fireline intensity) 

J0 ΔV

IR
𝐼𝑅 =

Δ𝐻𝑐 𝑤𝑎
𝜏

Δ𝐻𝑐 is the low of combustion of the fuel (kJ/kg)
𝑤𝑎 is the available fuel load (kg/m2) 

𝜏 is a characteristic time of fuel combustion (s) 

The 'propagating flux' 𝐽0 then writes

𝐽0 = 𝜉 𝐼𝑅

JL Dupuy - INRAe URFM
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

No slope, no wind conditions

The reaction intensity and the 'propagation flux' are then estimated from independent
measurements in fire experiments.

• Reaction intensity estimated from
mass loss measurement on spreading fire
Note : reaction inetensity is decomposed in several terms,      
not detailed here

• Propagation flux known from ROS (R) and fuel 
consumption (𝜀) measurements :

𝐽0 = 𝑅𝜀𝜌𝑏𝑄𝑖𝑔

Figure 9 .  --Fire-fue Z in ter face  
moving through weighed fuel .  / 'I /Fire fuel interface 

arrives at weighed fuel 

I Fire interface approaching weighed fuel 

1 [Weight loss begins and 

continues to increase s 
Fire burning into weighed fuel 

Depth of J Weight loss rate 
becomes constant 

III Steady weight loss rate achieved 

The mass l o s s  r a t e ,  h, o b t a i n e d  from t h e  we igh t  l o s s  d a t a ,  was r e l a t e d  t o  t h e  f o l -  
lowirlg p h y s i c a l  f e a t u r e s  : 

where I.V e q u a l s  t h e  w i d t h  o f  t h e  we igh ing  p l a t f o r m .  The e f f i c i e n c y  o f  t h e  e x p e r i m e n t a l  
f i r e s  can now be  e x p r e s s e d  a s  

Combining t h e  e f f i c i e n c y  w i t h  t h e  r e a c t i o n  t i m e ,  TR ( a s  i n d i c a t e d  by e q u a t i o n  (25)  and 
t a k e r  from t h e  w e i g h t  l o s s  d a t a ,  f i g u r e  lo) ,  g i v e s  t h e  e x p e r i m e n t a l l y  de te rmined  r e a c t i o n  
v e l o c i t y ,  

The p o t e n t i a l  r e a c t i o n  v e l o c i t y  i s  c a l c u l a t e d  u s i n g  e q u a t i o n  (26) t o  d i s a ~ s o c i a t e  
t h e  e x p e r i m e n t a l l y  measured r e a c t i o n  v e l o c i t y ,  r ,  from t h e  e f f e c t s  o f  t h e  m o i s t u r e  and 
m i n e r a l s  o f  t h e  f u e l s  t h a t  were  u s e d  i n  t h e  e x p e r i m e n t s .  

The p o t e n t i a l  r e a c t i o n  v e l o c i t y  may now be  c o r r e l a t e d  w i t h  t h e  p h y s i c a l  f e a t u r e s  o f  t h e  
f u e l  a r r a y .  
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

No slope, no wind conditions

The terms of the model are fitted to fuel bed parameters :
𝞂 the surface to volume ratio of fuel elements (m-1)
𝜷 the packing ratio of the fuel bed (=𝞀b/𝞀)
𝛅 the fuel bed depth (m)
M fuel moisture content 

Figure 2 2 .  --Determination o f  
corre l a t i  ons for maximum 
reaction v e l o c i t y  and 
optimum packing r a t i o .  

Fuel surface area 
to volume ratio -U, f t ~ '  

The r eac t i on  v e l o c i t y  f o r  f i n e  f c e l s  ( exce l s io r )  i s  much g r e a t e r  n e a r  t h e  optimum 
packing r a t i o  than i t  i s  f o r  t h e  l a r g e r  1/4-inch and 1/2-inch s t i c k s  ( f i g .  11) .  As 
expected,  t h e  optimum packing r a t i o  i s  no t  t h e  same f o r  a l l  f u e l s  and s h i f t s  t o  t h e  
r i g h t  as  t h e  f u e l s  i n c r e a s e  i n  t h i c k ~ ~ e s s .  Note a l s o  t h a t  t i g h t l y  packed f i n e  f u e l s  
a c tua l l y  have lower react ior l  v e l o c i t i e s  than do l a r g e r  fue l s  a t  t h e  same packing r a t i o .  
The loss  of r eac t i on  v e l o c i t y  of f i n e  f u e l  call be seer] i n  t h e  f i e l d  by observing 
t h e  d i f f e r e n c e  i n  flaming v igo r  between p ine  needles  -on a  broken t r e e t o p  suppor ted  
above t h e  ground and compacted p i n e  needle  l i t t e r ;  t h e  l a t t e r  burns with much l e s s  v igo r .  

The d a t a  po in t s  i n  f i gu re s  11 through 16 a r e  t h e  average of t h r e e  o r  more r e p l i c a -  
t i o n s  i n  t h e  e x c e l s i o r ,  and two o r  more i n  t he  s t i c k  c r i b s .  

Figure 23.  --Confirmation of react ion  
i n t e n s i t y  equation w i th  or ig ina l  
data. Direct comparison of react ion  
i n t e n s i t y  between fue ls  i s  not intended,  
nor can it be made because loading 
was not  he ld  constant .  

Packing ratio - f l  

Figure 14.  - -De t edna t ion  of 
propagating f lux ra t io ,  5 .  

Figure 15.--Confirmation of 
propagating f lux  equation 
with original data. 

- 
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

Wind and slope effects

The propagating flux is written as : 𝐽 = 𝐽0+ 𝐽𝑣 = 𝐽0 (1 + 𝜙𝑊 + 𝜙𝑆)

No wind, no slope
propagating flux

Wind coeff. Slope coeff.

Figure 19. --Reproduction o f  
McArthur's (1969) r a t e  o f  
spread data fo r  grass.  

Average wind velocity at 33' in the open , m.p.h 
Ana Zysis  

10.0 

Before a  c o r r e l a t i o n  could be found between wind v e l o c i t y  and t h e  m u l t i p l i c a t i o n  
f a c t o r  f o r  wind, it was necessary  t o  f i n d  an i n t e r r e l a t i o n s h i p  between 4, and t h e  
f u e l  parameter ,  a  and 6/Bo . To do t h i s ,  t h e  e x c e l s i o r  and 1/4- inch s t i c k  d a t a  from t h e  
wind tunne l  were p l o t t e d  aPong with McArthurts f i e l d  da t a .  Half- inch s t i c k  d a t a  d i d  
no t  c o r r e l a t e  and had t o  be d i scarded .  Apparently t h e  e f f e c t i v e  bulk d e n s i t y  i s  a l t e r e d  
by t h e  r a p i d  hea t i ng  caused by a  heading f i r e ;  t hus  t h e  assumption of corlstant f ue l  prop- 
e r t i e s  needed f o r  ob t a in ing  equat ion (45) i s  no t  v a l i d  f o r  f u e l s  as  l a r g e  a s  one-half  
inch .  

- * Source of data 
Kongorong Fire S. A. 17-1-59 

Another p l o t  o f  t h e  f u e l  parameters  and mu l t i p l i c a t i o r l  f a c t o r  vs .  wind v e l o c i t y  
produced t h e  f i n a l  c o r r e l a t i o n  given by equa t ion  (47).  Figure 20 shows t h e  c o r r e l a t i o n  
parameters  us ing  t h e  o r i g i n a l  da t a .  

8.0 - x Geelong Fires Vic. 17-1-64 
4 Longwood Fire Vic. 17-1-65 
4 
E o Tasmanian Fires 7 - 2 - 6 7  
2 6.0 
E' 
(5, 
2 
0 

g 4.0 - x 0 
3 0 b z - - 
0 2.0 - - 0 S 
a M % 4 4 ** 

where: c = 7.47 e x p ( - 0 . 1 3 3 ~ * ~ ~ )  
B = 0 . 0 2 5 2 6 ~ * ~ ~  
E = 0.715 exp(-3.59 x 1 0 - ~ a ) .  

Figure 20. --Come Zation 
parameters for determining 
wind c o e f f i c i e n t .  

Legend 

80  - Gross 

Excelslor 

6 0  - C] '14" sticks 

40 - 

20 - 

I I 

Figure 21. --Inf luence o f  packing 
r a t i o  and par t i c l e  s i z e  on wind 
c o e f f i c i e n t  a t  12 m.p .  h .  I n  t h e  
absence o f  wind, t h e  fuel  
condit ions for b e s t  burning 
would occur a t  B / B o p  = I .  I n  
t h e  presence of wind, f i r e s  
spread fas t e r  i n  Zess dense 
fuel ,  i .e . ,  ~ / a ~ ~  = Zess than 
I .  The wind c o e f f i c i e n t  
increases markedly as surface- 
area-to-voZwne r a t i o  increases .  

The shape of t h e  curves i s  i n  good agreement with t h e  concept suggested by 
Rothermel and Anderson (1966). A t  t h a t  t ime ,  i t  was specula ted  t h a t  t h e  f i n e r  t h e  
f u e l ,  t h e  sharper  t h e  r e s u l t i n g  inc rease  i n  spread r a t e  with wind v e l o c i t y .  A s  
expected,  fue l s  t h a t  were t o o  spa r se  t o  burn wel l  in  t h e  absence of wind w i l l  s u s t a i n  
a  rap id  f i r e  spread when wind i s  applied.  I n  e f f e c t ,  t h e  optimum packing r a t i o  s h i f t s  
toward more l i g h t l y  loaded fue l s  as wind inc reases .  This e f f e c t  i s  i l l u s t r a t e d  i n  
f i g u r e  21 and can be seen i n  t h e  f i e l d  where spa r se  fuels--such as poor s tands  of 
cheat grass--burr] poorly without wind but become a  f lashy  fue l  when wind i s  appl ied .  

Slope Coefficient 
The e f f e c t  of s lope  was determined f o r  f i n e  fue l s  by burrling e x c e l s i o r  fue l  beds 

on s lopes  of 25, 50, and 75 pe rcen t .  The experimerits were conducted i n  a  l a rge  
combustion labora tory  under t h e  same environmer~tal  condi t ions  used f o r  t h e  no-wind and 
wind tunnel  f i r e s .  Fuel was e x c e l s i o r  cons t ruc ted  a t  four  packing r a t i o s  : 0.005,  0 .01 ,  
0.02,  and 0 .04 .  A c o r r e l a t i o r ~  of t h e  da t a  1 s  shown i n  f l gu re  22. The equation f o r  t h e  
l i n e  i s  

where tan + i s  t h e  s lope  of t h e  fue l  bed. The f i n a l  form of t h e  r a t e  of spread equa- 
t i o n  i s  

Figure 22. --Come Zation parameter 
for s Zope c o e f f i  e i e n t  . 

Slope factor, tan @//3 l5  

𝜙𝑆

Figure 19. --Reproduction o f  
McArthur's (1969) r a t e  o f  
spread data fo r  grass.  

Average wind velocity at 33' in the open , m.p.h 
Ana Zysis  

10.0 

Before a  c o r r e l a t i o n  could be found between wind v e l o c i t y  and t h e  m u l t i p l i c a t i o n  
f a c t o r  f o r  wind, it was necessary  t o  f i n d  an i n t e r r e l a t i o n s h i p  between 4, and t h e  
f u e l  parameter ,  a  and 6/Bo . To do t h i s ,  t h e  e x c e l s i o r  and 1/4- inch s t i c k  d a t a  from t h e  
wind tunne l  were p l o t t e d  aPong with McArthurts f i e l d  da t a .  Half- inch s t i c k  d a t a  d i d  
no t  c o r r e l a t e  and had t o  be d i scarded .  Apparently t h e  e f f e c t i v e  bulk d e n s i t y  i s  a l t e r e d  
by t h e  r a p i d  hea t i ng  caused by a  heading f i r e ;  t hus  t h e  assumption of corlstant f ue l  prop- 
e r t i e s  needed f o r  ob t a in ing  equat ion (45) i s  no t  v a l i d  f o r  f u e l s  as  l a r g e  a s  one-half  
inch .  

- * Source of data 
Kongorong Fire S. A. 17-1-59 

Another p l o t  o f  t h e  f u e l  parameters  and mu l t i p l i c a t i o r l  f a c t o r  vs .  wind v e l o c i t y  
produced t h e  f i n a l  c o r r e l a t i o n  given by equa t ion  (47).  Figure 20 shows t h e  c o r r e l a t i o n  
parameters  us ing  t h e  o r i g i n a l  da t a .  

8.0 - x Geelong Fires Vic. 17-1-64 
4 Longwood Fire Vic. 17-1-65 
4 
E o Tasmanian Fires 7 - 2 - 6 7  
2 6.0 
E' 
(5, 
2 
0 

g 4.0 - x 0 
3 0 b z - - 
0 2.0 - - 0 S 
a M % 4 4 ** 

where: c = 7.47 e x p ( - 0 . 1 3 3 ~ * ~ ~ )  
B = 0 . 0 2 5 2 6 ~ * ~ ~  
E = 0.715 exp(-3.59 x 1 0 - ~ a ) .  

Figure 20. --Come Zation 
parameters for determining 
wind c o e f f i c i e n t .  

Legend 
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Figure 21. --Inf luence o f  packing 
r a t i o  and par t i c l e  s i z e  on wind 
c o e f f i c i e n t  a t  12 m.p .  h .  I n  t h e  
absence o f  wind, t h e  fuel  
condit ions for b e s t  burning 
would occur a t  B / B o p  = I .  I n  
t h e  presence of wind, f i r e s  
spread fas t e r  i n  Zess dense 
fuel ,  i .e . ,  ~ / a ~ ~  = Zess than 
I .  The wind c o e f f i c i e n t  
increases markedly as surface- 
area-to-voZwne r a t i o  increases .  

The shape of t h e  curves i s  i n  good agreement with t h e  concept suggested by 
Rothermel and Anderson (1966). A t  t h a t  t ime ,  i t  was specula ted  t h a t  t h e  f i n e r  t h e  
f u e l ,  t h e  sharper  t h e  r e s u l t i n g  inc rease  i n  spread r a t e  with wind v e l o c i t y .  A s  
expected,  fue l s  t h a t  were t o o  spa r se  t o  burn wel l  in  t h e  absence of wind w i l l  s u s t a i n  
a  rap id  f i r e  spread when wind i s  applied.  I n  e f f e c t ,  t h e  optimum packing r a t i o  s h i f t s  
toward more l i g h t l y  loaded fue l s  as wind inc reases .  This e f f e c t  i s  i l l u s t r a t e d  i n  
f i g u r e  21 and can be seen i n  t h e  f i e l d  where spa r se  fuels--such as poor s tands  of 
cheat grass--burr] poorly without wind but become a  f lashy  fue l  when wind i s  appl ied .  

Slope Coefficient 
The e f f e c t  of s lope  was determined f o r  f i n e  fue l s  by burrling e x c e l s i o r  fue l  beds 

on s lopes  of 25, 50, and 75 pe rcen t .  The experimerits were conducted i n  a  l a rge  
combustion labora tory  under t h e  same environmer~tal  condi t ions  used f o r  t h e  no-wind and 
wind tunnel  f i r e s .  Fuel was e x c e l s i o r  cons t ruc ted  a t  four  packing r a t i o s  : 0.005,  0 .01 ,  
0.02,  and 0 .04 .  A c o r r e l a t i o r ~  of t h e  da t a  1 s  shown i n  f l gu re  22. The equation f o r  t h e  
l i n e  i s  

where tan + i s  t h e  s lope  of t h e  fue l  bed. The f i n a l  form of t h e  r a t e  of spread equa- 
t i o n  i s  

Figure 22. --Come Zation parameter 
for s Zope c o e f f i  e i e n t  . 

Slope factor, tan @//3 l5  

Coefficients estimated from specific
fire experiments in wind tunnel and 
on tilted bench
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

Final model formulation 𝑅 =
𝜉 𝐼𝑅 (1 + 𝜙𝑊 + 𝜙𝑆)

𝜌𝑏 𝜀 𝑄𝑖𝑔

The formulation was extended to a mixture of fuels, so the model can simulate effects in 
different fuel types

Figure 24. --Reaction 
i n t e n s i t y  of  t yp ica l  
w i  ldland fue 2s 
computed with 
heterogeneous 
formulations for 
the model from 
data i n  table  1. 

Legend: --..- Timber (litter and understory) 
..-..-- Slash (light 4 0  T./A.) 
0-0 Slosh (medium 120 T./A.) 
-.-- Slash (heavy 200 T./A.) 

0-0 Hardwood , oak liner 
.-A Brush (not chaparral) 

m-. Closed timber liner 

bead fuel moisture content (percent) 

Heavy logging s l a s h  has by f a r  t h e  h i g h e s t  r e a c t i o n  i n t e n s i t y  bu t  a  medium r a t e  
of spread;  chapa r r a l  has  both a  high r eac t i on  i n t e n s i t y  and a  high r a t e  of spread .  I t  
i s  g r a t i f y i n g  t h a t  t he  model p r e d i c t i o n s  a r e  high i n  both values because t h e  model was 
designed t o  r e p r e s e n t  t he  brush  f i e l d s  of t h e  Southwest.  These brush f i e l d s  pose a  
s eve re  f i r e  hazard  (Countryman, Fosberg, Rothermel, and Schroeder  1968). 

Figure 25. --Rate of  
spread of  t yp ica l  
w i  ldland fue 2s 
computed with 
heterogeneous 
formulations for 
the model from 
data i n  table  1 a t  
M f  = 0.04 (4  percent 
moisture content)  
and windspeed = 
12 m.p.h. Wind velocity 'U' (m. p h.) 

Dead FMC effect on IR (and R) : Wind effect on R :

Figure 24. --Reaction 
i n t e n s i t y  of  t yp ica l  
w i  ldland fue 2s 
computed with 
heterogeneous 
formulations for 
the model from 
data i n  table  1. 

Legend: --..- Timber (litter and understory) 
..-..-- Slash (light 4 0  T./A.) 
0-0 Slosh (medium 120 T./A.) 
-.-- Slash (heavy 200 T./A.) 

0-0 Hardwood , oak liner 
.-A Brush (not chaparral) 

m-. Closed timber liner 

bead fuel moisture content (percent) 

Heavy logging s l a s h  has by f a r  t h e  h i g h e s t  r e a c t i o n  i n t e n s i t y  bu t  a  medium r a t e  
of spread;  chapa r r a l  has  both a  high r eac t i on  i n t e n s i t y  and a  high r a t e  of spread .  I t  
i s  g r a t i f y i n g  t h a t  t he  model p r e d i c t i o n s  a r e  high i n  both values because t h e  model was 
designed t o  r e p r e s e n t  t he  brush  f i e l d s  of t h e  Southwest.  These brush f i e l d s  pose a  
s eve re  f i r e  hazard  (Countryman, Fosberg, Rothermel, and Schroeder  1968). 

Figure 25. --Rate of  
spread of  t yp ica l  
w i  ldland fue 2s 
computed with 
heterogeneous 
formulations for 
the model from 
data i n  table  1 a t  
M f  = 0.04 (4  percent 
moisture content)  
and windspeed = 
12 m.p.h. Wind velocity 'U' (m. p h.) 
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The Rothermel model (1972)

Fire behaviour models : semi-empirical

This model is the most widely used fire behaviour model worldwide. It is intended for the 
prediction of surface fire rate of spread.
It has been embedded in a number of fire prediction systems, in particular in North-America:
BEHAVE, FLAMAP, FARSITE, ...
Fuel models have been built for operational use in US (and elsewhere) : a set of fuel 
structure parameters (𝛔, 𝛃, 𝛅) is attribued to each fuel type.
Its relative simplicity and full parameterization allowed this wide success.
The model outputs must be controlled against fire observations, and fuel models may need
to be adjusted, depending on the context of application.

JL Dupuy - INRAe URFM
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Physics-based model : what is it ?

Fire behaviour models : physics-based

Basically, it is a set of mathematical equations describing the major fire processes and their
interactions in both time and space.

It is based on the conservation laws of physics for mass, momentum and energy.
Well known examples of such equations are models for weather forecasts.

For wildfires, these equations describe :
- the atmospheric processes in interaction with the fire and the vegetation:

wind flow and fire-induced flow
- the thermal degradation and combustion of fuel
- the heat transfer between flames, embers and the fuels

To date two models have been developed that are operational at stand to landscape scales:
- FIRETEC (Los Alamos National Laboratory, USA ; co-developed with INRAe 10-15 years ago)
- WFDS (Wildland Fire Dynamics Simulator, an extension of the FDS from the NIST, USA
More 'research' models have been produced as well (e.g. FIRESTAR, University of Marseille)

JL Dupuy - INRAe URFM
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Physics-based transport model : what is it ?

Fire behaviour models : physics-based

These equations must be solved numerically in time and space thanks to (high-performance) 
computers.
For this, time and space are discretized in time steps and spatial cells organized according to 
a grid geometry (grid cells).
In each grid cell, the time evolution of the following state variables is computed :
temperature, mass density, chemical species, flow velocity.

Top view of a simulated grass fire (FIRETEC) Side view of a simulated forest fire (FIRETEC)

JL Dupuy - INRAe URFM
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Example of the FIRETEC model

Fire behaviour models : physics-based

Spatial resolution : 2 to 10 m grid cells (usually 2 m)
Spatial domains : 300 to 3000 m en (x,y), 600 à 1500 m (z)

JL Dupuy - INRAe URFM
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Example of the FIRETEC model

Fire behaviour models : physics-based

Wind effect

t+5min

Wind 50 km/hWind 25 km/h 

JL Dupuy - INRAe URFM
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Example of the FIRETEC model

Fire behaviour models : physics-based

Slope effect

t+5min

Slope 30%No slope

JL Dupuy - INRAe URFM
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Example of the FIRETEC model

Fire behaviour models : physics-based

Fuel moisture effect

Beginning of summer:
Pines 100 %, Shrubs 70 %

End of summer:
Pines 90%, Shrubs 56 %

JL Dupuy - INRAe URFM
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Fire behaviour models : physics-based

Fuel treatment depth needed to reduce heat fluxes in wildland-urban interface 

Zone	forestière	non	traitée Zone	débroussaillée

Direction	du	vent	et	du	feu

Ligne	d’ignition

Cibles	
représentant	la	

construction	à	10,	
30	et	50	m	de	la	
zone	non	traitée

20	m

50	m

Flat terrain Slope 30%

Radiative flux 
(kW/m2)

Temperature
(°C)

Radiative flux 
(kW/m2)

Temperature
(°C)

10 m 22-28 329-422 30-39 280-336

30 m 8.3-9.2 110-143 12-13.2 105-120

50 m 5.4-5.9 59-70 8-9.1 68-78

Radiative fluxes and temperatures (1 min time-averaged)
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Example of the FIRETEC model

Fire behaviour models : physics-based

Movies showing several FIRETEC studies
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