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Abstract 
Eruptive fires are one of the main causes of human losses in forest fire fighting. This phenomenon is fairly rare, 

unpredictable and thus extremely dangerous for firefighters (or civilians). Many casualties result from several 

accidents identified in the last fifty years around the world. Indeed, people involved in fire fighting activities 

are not prepared for facing such an unpredictable phenomenon. Very few literature is available to support either 

modelling or occurrence prediction for this phenomenon. Eruptive fire behaviour usually describes an extreme 

case of dynamic fire behaviour in which a sudden increase of the fire front rate of spread (ROS) in a short lapse 

of time is observed. So the question of predicting an eruption’s occurrence is a crucial point for the fire fighters’ 

safety. In this study, it is assumed that the eruption is due to physical considerations. The mechanism responsible 

for this erratic behaviour is the pioneering interpretation proposed by Viegas (2005) which consists in a feedback 

between the ROS and a convective air flow created by the fire itself. A physical modelling for this “induced 

wind” is given and is coupled with a simplified physical propagation model for surface fires. If the solution of 

the coupled system usually converges, it may diverge under certain conditions, leading to a fire eruption. It is 

then possible to obtain a physical condition which gives the impossibility (or not) for a fire to turn into an 

eruptive fire and the model is able to predict the occurrence of a fire eruption according to the triangle of fire. 

The model is tested by comparing its numerical results on the one hand to a set of experiments carried out at 

laboratory scale and on the other hand to an outdoor wildfire (Kornati accident). 

 
Keywords: Eruptive fire, fire spread, physical model, prevention, eruption’s occurrence 

 

 Introduction 

 

The term ‘blowup’ used in wildland fires by Butler et al. (1998) indicates a rapid change from a low 

intensity surface fire to a high fire burning through the whole vegetation complex, from surface to 

canopy and demonstrates dramatically larger flame heights, higher energy release rates and rates of 

spread that are faster than usual fires. As this work focuses on the acceleration of surface fires, the 

designation of fire eruption proposed by Viegas (2005) is used and describes the sudden change in rate 

of spread of the head fire and in energy release within a very short lapse of time. Viegas and Simeoni 

(2011) reviewed the mechanisms (physical or chemical considerations, variation of external 

conditions, etc…) that are described in literature to explain the onset and development of fire eruptions. 

The major part of these diagnoses are refuted by examples of real fires occurred in the past. Among 

all these explanations, the pioneering interpretation proposed by Viegas (2005) must be highlighted. 

Actually, it is based on the coupling of the own properties of the spreading fire with other conditions 

(wind, topography) and consists in a feedback effect caused by the convective flow induced by the fire 

in the presence of wind or/and a positive slope. The fire creates an ‘induced wind’ which transports 

oxygen to the reaction zone which intensifies the combustion process and consequently flame length 

and ROS. So the reaction needs more and more ambient air. This feedback process will increase 

continuously and the ROS could reach very important values if it is not inhibited by some external 

mechanisms. This strong air flow movement was proved at the laboratory scale by Viegas and Pita  
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(2004) and observed at the field scale (Viegas et al. 2002). Moreover, the testimony of the one fire 

fighter who survives the Kornati fire accident (Stipanicev and Viegas, 2009), the meteorological 

measures of the wind speed during the freixo accident (Viegas 2005) are clear evidences of the 

importance and the relevance of the induced wind. Viegas (2005) suggested a mathematical model 

(constituted by a non linear differential equation) that predicts the fast increasing of the ROS. One can 

also cite the model developed by Dold et al. (2011) in which the phenomenon is the result of a flow 

attachment and the ROS is assumed to vary as a power-law of the fireline intensity. If these empirical 

models can reproduce the fire behaviour during the eruption, they do not predict the eruption’s onset 

and to our knowledge, such a model does not exist. 

This work focuses on the existence of a condition for predicting either extreme or usual fire behaviour. 

A physical modelling of the induced wind is coupled with the simplified physical propagation model 

for surface fires developed at the University of Corsica (Balbi et al. 2007, 2009, 2010). In some cases, 

this coupling can diverge, leading to a fire eruption’s onset. 

 

 Equations of the simplified physical propagation model 

 

As some authors (e.g. Albini 1985, Telisin 1974, Van Wagner 1967) assumed that radiation was the 

dominant process in the contribution of heat to unburnt fuel, the propagation model developed at the 

University of Corsica (Balbi et al. 2007) was only based on radiation. It was elaborated to be as 

complete as possible with regard to the equations that govern fires, whilst also being computationally 

cheap. To this end, the use of partial differential equations was avoided because of their associated 

long calculation times and also because of the difficulty of making a sensitive study of the fire 

behaviour with respect to the different parameters involved (e.g. environmental, topographic, or fuel 

bed properties). This model was later improved and successfully confronted to sets of experiments at 

the laboratory scale with aligned slope and wind and at the field scale (Balbi et al. 2009) or confronted 

to the set of experiments conducted by Viegas (2004a) where slope and wind are not aligned. The 

improvements brought by Chatelon et al. (2010) or Marcelli et al. (2011) have changed the propagation 

model into a complete fire behaviour model in which rate of spread (ROS), flame tilt angle, flame 

temperature, flame length, radiant fraction and vertical velocity due to buoyancy are given.  

The two main algebraic equations of the model are the following: 

 tan 𝛾 = tan𝛼 +
𝑈

𝑢0
  (1) 

 𝑅 = 𝑅𝑏 + 𝑅𝑓  (2) 

Equation (1) gives the flame tilt angle  depending on the slope angle , the normal component of the 

wind velocity U and the upward gas velocity u0. Equation (2) provides the ROS R as a function of the 

two radiative contributions from the flame (Rf) and from the burning fuel bed (Rb). These contributions 

are obtained by considering the flame and the base of the flame as grey radiant panels: 

 𝑅𝑏 =
𝑒

𝜎
 

𝐵 𝑇𝑏
4

𝐶𝑝Δ𝑇+𝑚Δℎ
   (3) 

 𝑅𝑓 = 𝐴 𝑅 
1+sin𝛾−cos𝛾

1+
𝑅 cos𝛾

𝑟0

   (4) 

where Cp denotes the specific heat of the vegetative fuel, B the Stefan-Boltzmann constant, m the fuel 

moisture content, h the heat of latent evaporation,  the fuel load, e the fuel bed depth, Tb the fuel 

burning particles temperature and T = Ti – Ta the difference between ignition temperature and ambient 
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air temperature. The coefficient r0 is a ROS factor that can be expressed as a function of the surface 

area to volume ratio of the fuel elements (Chatelon et al. 2010).  

The coefficient A in equation (4) involves flame radiation. It represents the magnitude of the flame 

radiation related to the ignition energy. Its expression given in equation (5) depends on the heat of 

combustion of the pyrolysis gases H, a radiant factor 0, the absorption coefficient  and a corrective 

term Y to the view factor introduced by Koo et al. (2005) in order to improve Pagni and Peterson’s 

model (Pagni and Peterson 1973). This term Y depends on dynamic fire parameters (ratio between fire 

front width W and flame length l). 

 𝐴 = 𝜈
𝜒0 Δ𝐻

4(𝐶𝑝Δ𝑇+𝑚Δℎ)
 𝑌     (5) 

This model was successfully used to model several laboratory experiments (e.g. Guijarro et al. 1997, 

Mendes-Lopes et al. 2003, Viegas 2004b) and applied to some field-scale fires (e.g. McArthur 1969, 

Cheney and Gould 1995, Fernandes 2001). As this model is a steady-state model, it cannot reproduce 

a fire eruption which is an unsteady phenomenon (Viegas 2005, Dold and Zinoviev 2009). Thus a sub-

model which describes the effect of the induced wind defined by Viegas (2005) has to be added. 

 

 Induced wind modelling  

 

Under slope and weak wind conditions, the fire creates an induced airflow Ui in order to compensate 

the draught caused by the hot gases moving upwards. Considering a positive slope, the airflow comes 

from both sides of the fire front but only the airflow coming from the burned zone enters the flame. 

Indeed, the flame geometry causes an important deviation of the trajectory of the fresh air stream 

coming from the unburnt zone. So, the induced wind velocity under the flame is assumed to be 

practically zero. Consequently, there is no indraft at the fire front. On the other hand, the airflow 

coming from the burned zone is only slightly deviated, particularly near the ground, as it gets into the 

flame and supplies the reaction zone with oxygen.  

Viegas and Pita (2004) clearly showed the presence of induced wind at the laboratory scale. Their 

experiments consisted in measuring the fire spread in canyons, using a combustion table with two 

inclined faces in order to create a canyon geometry. A first set of experiments in opened canyons 

showed a very fast spreading fire, which can be considered as eruptive. When the induced-wind was 

inhibited by a plate placed across the base of the canyon, the spread was much slower and the fire 

never showed an eruptive nature. 

At the field scale, the Freixo de Espada-a-Cinta accident reported by Viegas (2004c) is a good example 

of the presence of an induced wind. Indeed, when the fire reached the base of a canyon, it was given 

as practically extinguished and the wind was blowing from the northwest in a downslope direction 

with a velocity on the order of 15 km/h. Suddenly, the wind turned to south-southwest, which is 

approximately the upslope direction and rose to 65 km/h 30 minutes later, with gusts up to 96 km/h. 

These data were retrieved by a meteorological station located on top of the ridge that was located in 

the spreading direction of the fire front. They clearly showed the impact of the induced wind because 

no other atmospheric phenomenon can explain this eruption. 

The induced wind formulation is derived from a simplified mass balance based on the geometrical 

flame characteristics between the top of the vegetal stratum and the mid-height flame. The equality 

between inflow and outflow can be written as: 

 𝜌𝑎  
𝐻

2
 𝑈𝑖 =  𝜌 

𝐿

2
 𝑢 cos 𝛼 (6) 

where Ui is the self induced wind,  is the combustion gases density, a is the ambient air density, L 

is the flame depth, H is the flame height and u is the upward gases velocity with slope (see Figure 1).  
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Figure 1. Qualitative description of the flame geometry. 

 

Using the relationship 𝑢 =  
𝑢0

cos𝛼
 (Balbi et al. 2009), the ratio between induced wind (Ui) and upward 

gases velocity at mid-height flame (u0) is 

 
𝑈𝑖

𝑢0
= 

𝜌

𝜌𝑎
 
𝐿

𝐻
= 

𝜌

𝜌𝑎
 
𝑅 𝜏

𝐻
= 

𝑅

𝑝
 (7) 

where  is the flame residence time and  

 𝑝 =
𝑇

𝑇𝑎
 
𝐻

𝜏
= 2 

𝜒0 ∆𝐻 𝜌𝑣 𝜈 𝑟0

𝐵 𝑇𝑎 𝑇3 𝜏0
 (8) 

with the flame height given by Marcelli et al. (2011) 

 𝐻 =
2𝜒0Δ𝐻 𝜌𝑣𝜈𝑟00

𝐵𝑇4
 (9) 

The flame residence time  in equation (8) is expressed by using the relationship provided by Anderson 

(1969):  =  / s with  = 75591 m-1·s. This time is inversely proportional to the fuel surface area to 

volume ratio s. Notice that this relationship is currently used in BEHAVE (Andrews 1986) in 

operational conditions. Using equation (7), the relationship (1) is changed in  

 tan 𝛾 =  tan𝛼 + 
𝑅

𝑝
 (10) 

Finally the fire spread behaviour taking into account the self-induced wind, is obtained by solving the 

following system: 

 𝑅 = 𝑝(tan 𝛾 − tan𝛼) (11) 

 𝑅 = 𝑅𝑏 + 𝐴 𝑅 
1+sin𝛾−cos𝛾

1+
𝑅 cos𝛾

𝑟0

  (12) 

 

 The safety condition 

 

In the coordinate system (tan , R), the steady solutions of the model are defined as the intersection of 

the growing function given by equation (12) and the straight line given by equation (11). Chatelon et 
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al. (2010) have showed that equation (12) exhibits two different behaviours for the ROS depending on 

the value of the coefficient A. Indeed the ROS R given by equation (12) is always a growing function 

which presents an horizontal asymptote when A is smaller than ½ and an affine asymptote (whose 

slope denoted by p∞ is equal to r0(2A-1)) otherwise (see figure 2).  

 

 

Figure 2. Qualitative illustration of the different rate of spread behaviours as a function of the flame tilt angle 

according to the value of the coefficient A. 

A qualitative graphic analysis leads to several different cases, according to the values of the slope 

angle and the coefficients A and p: 

 When A < ½, at least one solution of the system (11-12) always exists and is finite due 

to the horizontal asymptote exhibited by the ROS given by equation (12). So a fire 

eruption is impossible because the ROS cannot go to infinity. (see left side of figure 3) 

 When A > ½, if p is greater than p∞, the intersection of the ROS given respectively by 

equations (11) and (12) always exists. Its value may be great (when the slope is steep) 

but is always finite. So the fire never erupts (right side of figure 3).  

 When A > ½, if p is smaller than p∞, a fire eruption is possible but not sure. It depends 

on the value of the terrain slope angle. When  is greater enough, fire inevitably erupts.  

 

 

Figure 3. Qualitative illustration of the intersection of equations (11-12) when coefficient A is smaller than ½ (left 

side) and when A is greater than ½ (right side). 
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Consequently, two safety conditions with regard to fire eruptions can be expressed. The first one, i.e. 

A < ½ is usually obtained when the fuel bed arrangement is well ordered (e.g. with vertically-oriented 

fuel particles at the laboratory scale) or when the number of gaps in the vegetal stratum is very 

important (at the field scale). This condition is rarely satisfied when facing an eruptive fire. 

Using equations (5), (7) and the expression of p∞ previously given, the second condition i.e.  

A > ½ , p > p∞ leads to the following ratio  

 (
𝑝

𝑝∞
= 

𝜌𝑣

𝜏0 𝐵 𝑇𝑎 𝑇3[
𝑌

4(𝐶𝑝 Δ𝑇+𝑚Δℎ)
−

1

2 𝜈 𝜒0 Δ𝐻
]
) > 1 (13) 

where Ta is the ambient temperature, T the flame temperature, 0, B and 0 are constant values.  

When the inequality (13) is satisfied, a fire eruption cannot occur. As soon as the ratio p/ p∞ is smaller 

than 1, a fire eruption becomes possible but not sure. In fact the lower the value of the ratio p/ p∞ the 

more the fire eruption risk grows.  

Several factors contribute to reduce the value of the ratio p/ p∞: 

 Fuel bed properties 

o A low density vegetation with small specific heat, where its density v and the 

specific heat of vegetative fuel Cp are small. 

o A vegetative fuel with a light ligneous component. Indeed, the heat of 

combustion of the pyrolysis gases can be written as H = (1-c) HT – c Hc, 

where HT is the heat of combustion of fuel (HT ≈ 1.8×107 J·kg-1), c the 

percentage of char and Hc the heat of combustion of the char (Leroy et al. 

2009). So, low char contents induce high values for H, and then the ratio given 

by equation (13) decreases. Furthermore, the cubic flame temperature T 3 

strongly increases with H. 

o A sufficient fuel load. Coefficient  must be as great as possible (=1 is the 

perfect situation for an eruption). As  min(1, S/4), the leaf area S must be 

greater than 4. Moreover, as 𝑆 =
𝑠 𝜎

𝜌𝑣
, a low buoyancy (low density) and thin 

(important surface area to volume ratio) fuel satisfies this condition with a 

minimal fuel load of 
4 𝜌𝑣

𝑠
. 

o A dry vegetal stratum. Indeed, the moisture content m is lower than the moisture 

content of a living vegetal stratum and the greater m, the smaller the ratio p/p ∞. 

 Environmental factors 

o A high ambient temperature. Ta plays a direct part in equation (13) but also 

through T = Ti – Ta and through the flame temperature T (Balbi et al. 2009). 

Note that a specific work (Chetehouna et al. 2009) shows that if summer 

temperatures are extreme (≈ 40°C), some volatile organic compounds are 

probably emitted in a sufficient quantity to burn at a temperature lower than the 

usual temperature given for Ti (around 550 K). This issue deserves to be 

deepened and it would be useful to have a law for T as a function of Ta. 

o Assuming a homogeneous fuel bed (or a dead fuel bed), a low relative air 

humidity induces a low fuel moisture content (Ascoli and Bovio 2010). 

 Factors related to fire dynamics 

o A strong coefficient Y (close to 1). This coefficient depends on the fire front 

width/flame length ratio. When the fire front width is large compared to the 

flame length, the coefficient Y is close to 1 (e.g. in field scale configurations). 
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To summarize, the required conditions to increase the fire eruption risk are: 

 A low buoyancy vegetation, weakly ligneous, with a sufficient fuel load, 

 Bad meteorological conditions (high ambient temperature, low relative humidity), 

 A large fire front. 

 

Dold and Zinoviev (2009) emphasized the impossibility to describe an eruption phenomenon with a 

steady-state model for the ROS. In our case, the steady state propagation model is only used to obtain 

the safety condition (13) because the danger condition represents its limit case. The expression of the 

ROS and consequently the fire behaviour during the eruption is obviously obtained using the unsteady 

version of the propagation model but this aspect is not studied in this work which only focuses on the 

eruption’s occurring.  

When the condition (13) is no longer satisfied, a fire eruption is probable but does not inevitably occur. 

The eruption’s onset depends on the value of the slope angle. One can note that the safety condition 

(13) does not depend on the slope angle. If the slope angle is greater than a threshold value c, fire will 

erupt. It is not possible to obtain an analytic expression of this threshold but only a numerical value 

which is found at any precision by solving the coupled model (11-12) with a fixed-point method.  

One can also note that the model (11-12) can be used when a fire spreads downslope (i.e. for negative 

slope angle values) or on flat ground (as the eruptive fire occurred without wind and slope in the Saint-

Génis Des Fontaines’ local site in the south of France in 2005). But in these cases, the value of the 

ratio p/p∞ has to be very small in order to obtain an eruption. 

 

 Confrontation with laboratory experiments and a real accident 

 

Sets of data describing an eruptive behaviour are very rare in literature. So, testing the proposed 

approach is a difficult task. Two sets of laboratory scale experiments and a wildland fire that occurred 

on Kornati Island in 2007 were selected.  

The first set of experiments was carried out by Viegas (2004b). Notice that the main goal of that set of 

experiments was only to observe fire propagations on slope.  

The experimental bench (DV2 inclination table) had a useful 3m x 3m area that could be inclined at 

any desired angle α between 0° and 40°. The fuel bed used was made with dead pine needles (Pinus 

pinaster). The average fuel load was 0.8 kg m-2. The average moisture content was about 10-11%.  

No eruptions were observed, even with the steepest slopes (30° to 40°). This is due to the intrinsic 

properties of the pinus pinaster needles and to a pointed head of the fire front, leading to a fast decrease 

of the fire front width, especially with steep slopes and then to a weak ratio fire front width/flame 

length W/l. The flame length is approximately 1 m. The greatest width of the fire front (3 m wide) 

leads to a value of the coefficient Y equal to 0.75. In this “worst” case, the value of coefficient A is 

greater than ½ (A = 0.91) and the value of the ratio p/p∞ is much greater than 1 (p/p∞ = 1.73). So the 

model does not predict any eruption even for a 40° slope angle. 

The second set of laboratory experiments was conducted by the CEIF (Centro de Estudos sobre 

Incêndios Florestais) laboratory of ADAI (Association for the Development of Industrial 

Aerodynamics) for Dold (2010) in which eruptions are observed for slope angles greater or equal than 

30°.  

The experiments consist in five trench fire experiments at 15°, 20°, 25°, 30° and 35° slope angles. For 

the three lower slopes, the fire spreads in a usual way, but a very fast spread is observed for the two 

higher slopes. So eruption happens between 25° and 30°. 

The characteristics of the fuel bed (straw) that were used lead a lot more easily to a fire eruption than 

pinus pinaster’s ones. Indeed, the great surface area to volume ratio (s = 10000 m-1) or the small density 

of the vegetal particles (v = 450 kg.m-3) involve a smaller value of the ratio p/p∞ than the one obtained 

for pinus pinaster needles. 
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Moreover, vertical walls are located on the sides of the inclination table. According to Catchpole et al. 

(1998), the role of these walls is to mimic a wider fire front by preventing indraft into the combustion 

zone and by reflecting some of the radiation.  

The model provides a value of 1.21 for coefficient A and a ratio p/p∞ smaller than 1 (p/p∞ = 0.76). 

Then a fire eruption is possible. The value of the threshold slope angle is obtained in solving the 

equations (11-12). A 26° slope angle is found which means that the fire eruption will occur only if the 

slope angle is greater than 26°. This threshold value is in accordance with the observed results. 

The model was also confronted to a real fire that happened on the Kornati Islands, Croatia in 2007. 

This fire led to a dramatic fire-fighting accident causing the death of 12 fire fighters and severe burns 

for another one. The full description of this accident is detailed in Viegas et al. (2008) and Stipanicev 

et al. (2008). 

The accident took place in the island of Kornat (the largest of 365 islands in Croatia’s Kornati National 

Park). The fire started 6.6 km from the accident, which occurred in a small canyon (500 m long). The 

fuel load was low and made of sparse vegetation, mostly grass of approximately 30 cm with a few 

small isolated trees and bushes. The fuel load ranged from 0.561 kg·m-2 to 0.837 kg·m-2 and the 

average vegetation low heating value was estimated to be 1.8×107 J·kg-1. The moisture content of the 

fine fuel mass was equal to 10-12%. The canyon’s main axis was directed to the north with a 15% 

(about 9°) average slope. A camera was found at the location of the accident. A large fire front (of 

about 50 m) was clearly seen on a photo from this camera (Stipanicev and Viegas 2009), with small 

flame lengths (below 1 m). So the parameter Y is close to 1 in this case (Y = 0.98).  

On the Kornat Island, the fire was pushed by a S-E wind (about 40 km/h at 10 m height). According 

to the only fire-fighter who survived the accident of Kornati, the important fact was the very strong 

wind. In the canyon, the wind changed its direction to become parallel to the main canyon axis and the 

fire front was spreading at very high speed, maybe 6 or 7 m·s-1. His words are confirmed by the melted 

particles of a fire-fighter belt buckle found on a stone behind the place where his body was laying, 

which prove that the wind generated by the fire was very strong and coming from the south. The fire-

induced wind, which grew to be stronger than the S-E wind and changed its direction, had clearly a 

key role in the occurrence of the eruption. Note that the few trees here have not been burnt. That means 

that flames were very slanted (in agreement with the flame attachment assumption). 

The simulation results with Y = 0.98 and an average fuel load (0.7 kg·m-2) give the initiation of 

eruption for a slope angle α = 8°, which is in accordance with the average slope of the canyon. Indeed, 

the value of coefficient A is equal to 1.24 and the ratio p/p∞ is smaller than 1 (p/p∞ = 0.86). 
 

 Conclusion 

 

If a few works about modeling of a fire ROS during an eruption can be found in the literature (e.g. 

Viegas 2005, Dold et al. 2011), to our knowledge none of them are able to predict the eruption’s onset. 

This work focuses on a physical safety condition which means that a fire cannot erupt if this condition 

is satisfied. Otherwise, an eruption is either possible or certain. The physical model proposed in this 

work consists mainly of one propagation equation and one equation providing the induced wind 

created by the fire. 

The explanation of the eruption phenomenon is the following: if the slope angle is sufficient enough, 

the combustion of the pyrolysis gases creates an indraft proportional to the flow of these gases that is 

related to the fire front depth and then to the ROS. So, there is a coupling between ROS and induced 

wind that created a feedback effect leading to unsteady growing propagation. Note that this 

interpretation was given by Viegas (2005). 

Usually this unsteady phase converges to a steady phase, but under some conditions, this unsteady 

phase grows exponentially and a fire eruption occurs. 

The specific conditions leading to certain eruption (p < p∞ and α > αc) are obtained with: 

 Dry summer conditions (weak humidity, great ambient temperature), 
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 Low density vegetation, slightly ligneous (e.g. grass), 

 View factor of the fire front close to 1, 

 Slope angle important enough. 

The two last conditions are usually contradictory: it is well known that if the slope is steep, the fire 

front presents a ‘pointed’ effect with a narrow fire head. Then, the coefficient Y is small and the 

condition p < p∞ is satisfied with difficulty. This pointed effect is due to the induced wind, which 

reduces the view factor on the edges of the fire front. The ROS at the edges of the fire front is then 

close to the backward ROS. 

The right situation for a fire eruption is obtained when this induced wind downslope does not exist. 

This can happen when: 

 The inclined plane is lined with ‘walls’, i.e. a trench effect or corridor topography. The nature 

of this topographic concavity may be geological (rocks) or constituted by a vegetation stratum 

(e.g. hillside lined with forests). So, in order to obtain a Y coefficient close to 1, the fire front 

width must be much greater than the flame length. The eruption can only develop in long 

corridors that let the positive feedback happen before the fire reaches any topographic limits. 

The trench effect defined by Sharples et al. (2010), especially the King Cross underground 

disaster, is part of this first case. 

 Vegetation made of two different layers – a lower stratum and a higher stratum, such as shrubs 

and trees – is covering a hill. If the lower layer is burning and the induced wind is strong 

enough, the flames will not reach the canopy and the fire will remain a surface fire. The induced 

wind coming upslope can enter the flame front from the burned area but vegetation slows down 

the induced wind coming downslope and the pointed head effect will not appear. So, the fire 

front width may be much greater than the flame length and then, Y ∝ 1. For example, the 

Canberra fire in 2003, or the black Saturday fires in 2009, may be part of this second case. 

In these two cases (corridor and bi-strata), the Y coefficient is close to 1. If the moisture content is of 

the order of 10%, a fuel bed with averaged properties (surface area to volume ratio, density, specific 

heat, height, fuel load) will give the following results: p∞ = 2p, αc = 15°, R = 6.4 m·s-1 after 60 s and 

L = 128 m. This example corresponds to the blow up phenomenon described by the fire-fighters. 

Apart from these two cases, the decrease in coefficient Y will not provide a fire eruption faced to 

topographies as inclined plateau or hill with convex shape. 
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