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Paper 3A  

HOUSE LOSS - CAUSES AND INFLUENCES  
 
The core logic of damage prevention is found in this basic risk management principle – assess 

risk and if too high, manage risk down to an acceptable level so that damage is minimised or 

prevented. This principle is applied to bushfire damage as follows - recognise that a bushfire 

attack has causal agents that inflict damage on lives and property, identify these causal agents 

and neutralise them to prevent the damage.  

 

This principle can be articulated as a damage minimisation theory:   

Prevent or minimise damage by identifying the causal agents and neutralise them during a 

worst case bushfire attack ---- the running bushfire phase.  

 

Almost all the damage in bushfires can be traced back to heat. Other damage is caused by 

wind force and by smoke. This paper looks only at heat related causes. The focus is on 

damage to houses.    

 

This paper identifies the causal agents and examines the significance of each as a contributor 

to damage. It also examines the basic theory of wood ignition that is relevant to bushfire 

attack.  

 

 

CAUSES OF HOUSE LOSS 
 

Influences on house loss 

 
Prior to the Royal Commission, there were four recognised influences on house loss. The first 

influence on house damage is active defence, ie, defensive activity during or shortly after 

bushfire attack. The next three are the known causal agents - flame contact, radiant heat, and 

ember attack - that can ignite a building.  

 
Active defence 
Blanchi et al (2006) amalgamated data from four recent severe bushfires and reported that the 

loss rate of occupied, defended houses was 13% and the loss rate of vacant, undefended 

houses was 77%. It can be deduced that the presence of defenders on site implies that it was 

safe to do so, which suggests that the fire front had been kept well away. This suggests that 

radiation and flame contact had been neutralised and the defenders were able to neutralise the 

remaining causal agent, ember attack. Leonard et al (2009) confirm this finding for Black 

Saturday fires.  Staying with a house has been shown to increase the house's chance of 

survival when the occupant remains active in and around the house (when it is safe to do so). 

Based on past post-bushfire surveys, if houses are attended, house losses are reduced by a 

factor of between 3 to 6 (Blanchi & Leonard 2008b). After the passage of the fire front, able 

residents can monitor and may be able to suppress small ignitions in or around the house 

before these become uncontrollable. Thus active defence has the most influence on house 

survival, whatever the causal agents are. The influence of house occupation and vacancy rate 

is the subject of the Papers 6A and 6B.  

 

Causal agents 
Blanchi et al (2006) identify two categories of causal agents, primary and secondary:  

 

Primary causal agents derive from the fire front. They said ember attack was the predominant  
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ignition mechanism during severe bushfire attacks (responsible for up to 90% of house loss) 

and that direct flame contact and radiation attack from the flame front play a minor role. They 

found the combination of all three was the most destructive. They said that direct flame 

contact and radiation was minor because the flame front either did not get close to the 

building or was too weak when it arrived.  

 

Thus the respective contribution of the primary causal agents - radiation, flame contact and 

ember attack is - minor, minor, dominant. 

 

Secondary causal agents derive from “urban flame”. Blanchi et al (2006) identified urban fuel 

as flammable fuel close to the house, including fences, garden beds, other flammable fuel, 

sheds and houses. Typically, embers from the fire front ignite them when the fire front is 

distant. When they ignite, they generate their own secondary causal agents – radiation, flame 

contact and ember attack, very close to the house. For example, embers caused vast majority 

of house ignitions in the Ash Wednesday Otway bushfire, and radiant heat and flame contact 

played a role where houses directly abutted dense vegetation (Leonard and McArthur, 1999).  

 

Blanchi et al (2006) found that the combination of urban flames and ember attack from the 

flame front and other upwind sources was a dominant cause of house loss in urban areas.    

 

The following model explains the causal agents and their relative contribution to house loss. It 

assumes the house is vacant and not defended. It can be assumed that the secondary causal 

agents originate from the primary ember attack (the 90%), but they cannot be quantified.   

 

Table 1  The causal agent model and relative contributions to house loss   

Threat agent Contribution to house loss 

Primary causal agents (from fire front) Quantitative Qualitative 

Ember attack Up to 90% Very High 

Radiation and flame contact  negligible negligible 

Secondary causal agents (from urban 

flame)   

  

Ember   minor Low  

Radiation, flame contact 10% plus Low - Medium 

 

Source of the damage – types of severe bushfires   
 

Based on the author’s observations, there are two types of major fires, one day inferno fires 

and campaign fires that last several days or weeks. The one day inferno is the typical severe 

bushfire attack, characterised by multiple fire fronts originating from leap frog spotting. All 

are severe. All are independent. Some join up. Some run into the burnt area of another. The 

following observations about the fire front apply to any and all of these fronts.   

 

There are two types of one day inferno fires. The author agrees with the Chen and McAneney 

(2004) distinction of two different bushfire attack types, one where homes and bushland were 

intermixed (as the Ash Wednesday fires were) and one where bushland was separated from 

houses by a distinct distance (as the Duffy fire was). Two categories of bushfire attack are 

defined as follows: 

 

 

 

The Ash Wednesday bushfire category runs unchecked across the landscape. In a forest or 

woodland landscape, the fire fronts are characterised by a concentration of three primary 

causal agents - radiation, flame contact and ember attack. Flame contact is limited to the reach 



The Bushfire Solution Papers   Paper 3A     3 
Denis O’Bryan 

Published by Red Eagle Bushfire Protection Services, Melbourne, Australia  2014  

 
of the flame, measured as metres. The radiation and heated air influence extends further 

ahead, measured as tens of metres. The short distance spot fire zone of influence extends 

further, measured in hundreds of metres. Clearly, the zone within, say, 20 - 50m of the fire 

front contains all three agents at their peak destructiveness. The location of this zone is not 

static, because it moves inexorably with the wind or up the slope. This scenario is repeated in 

each severe fire front. When each fire fronts run unchecked through the landscape, houses in 

their pathway are therefore exposed to all three agents at their peak destructiveness.  

 

The Duffy bushfire category describes a fire front that stops at a fire break or at an urban 

edge, as the 2003 Canberra bushfire fire did at Duffy (Chen and McAneney, 2004). Two 

primary causal agents - radiation and flame contact - cease to be of concern within 20 – 50m 

down wind of the fuel free barrier, and the area downwind is characterised by ember attack 

only. The source of embers may be the short distance ones from the fire front, or medium or 

long distance ones from further upwind. For example, Leonard et al (2009) quote a survey 

after the 2003 Canberra fire that identified a high percentage (>90%) of houses were damaged 

or destroyed in the absence of direct radiant heat and flames from the main fire front.   

  

 

       Types of severe bushfires   

 

 

 

 

One day inferno   Campaign fire  

 

 

 

 

 

Ash Wednesday bushfire category  Duffy bushfire category  

 

 

The model in Table 1 allows the resident or fire fighter to see how the secondary causal 

agents of house loss can be exacerbated or mitigated. For example,  

• It shows that if radiation and flame contact from the fire front can be stopped well 

away from the house, the only primary causal agent that reaches the house is embers.  

• It shows that if flammable items are very close and very dense, ember attack from the 

distant flame front will ignite and generate very destructive combination of radiation, 

flame contact and more embers immediately next to the house.  

• It shows that if flammable items are removed from near the house, secondary causal 

agents can be removed as a threat.  

 

Thus, it follows from damage minimisation theory that if the agents in the Table 1 model can 

be reduced or eliminated or isolated or relocated or made non-flammable, the destruction of 

the house can be commensurately mitigated or even eliminated. This concept is confirmed by 

Blanchi et al (2006). “For all ember attack cases in the first row of houses in the Otway, 

Sydney and Canberra bushfires the combination of setback distance and deliberate or 

accidental urban edge treatment was sufficient to mitigate flame and radiation impact from 

the fire front.”  
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Example - Causes of house damage (not loss) in Black Saturday bushfires 

 
The Bushfire Royal Commission was advised (Leonard et al, 2009) that a survey of 512 

houses found causes of house damage were as follows: 

Embers and some radiant heat    33%  

Embers only    19%   

Radiant heat    5%   

Flame contact from bush vegetation 13%   

Unknown      22% 

 

These figures suggest that the flame was too close in at least 18% (13 + 5) of cases. The 

figures also show that embers were the predominant cause of at least 52% of house damage 

compared to previous severe bushfire events where ember attack was responsible for up to 

90% of house ignitions. The Bushfire Royal Commission was advised that in comparison 

with recent severe fires, a higher proportion of houses were damaged by direct flame contact 

(Leonard et al, 2009). 

 

Was Black Saturday different? If the flame was close to the house, it suggests urban flame is 

the cause. The investigators may have overlooked a key question - what caused these fuel 

beds to be ignited?  The most reasonable answer is ember attack. It fits the pattern of 

observations about urban flame by Blanchi et al (2006). A huge volume of evidence given to 

the Royal Commission describes heavy ember attack at all fires (VBRC, 2010).  This suggests 

the root cause of the above house losses was embers igniting flammable urban fuel. 

Therefore, the most likely explanation for the increase in house ignition by flame contact 

involves two possibilities. Ember attack ignited spot fires that were either (1) stationary 

flames in a garden bed or other flammable fuel, or (2) moving flames running through the 

dead grass or litter around the house, some stopping at a path, and some stopping at the wall 

of the house.   

 

In summary, there are three causal agents – radiation, flame contact and embers, from two 

sources – fire front and urban flame. They are at their most destructive during the one day 

inferno fire (which includes the Ash Wednesday and the Duffy attack categories). They each 

have the potential to ignite the house. To protect the house, they must be neutralised or the 

house must be made non-vulnerable, or both.  

 

 

IGNITION OF WOOD 
 
This section examines relevant aspects about the theory of wood ignition (major source 

Babrauskas, 2001).  

 

Ignition processes 
 

Ignition theory identifies two types of ignition processes: 

  

Glowing ignition → glowing → flame  

OR 

Direct to flame ignition  
 

The first is a two step process that tends to occur at lower radiation levels. At low heat fluxes, 

ignition temperature is around 250
0
C but time to ignition is long: 

Spot glowing  →  red hot glowing  →  flame  

Min 250ºC   up to / over 600ºC  up to / over 1000ºC  
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The second is a one step process that occurs at high radiation levels. Glowing phases and 

flame phase act simultaneously and the wood ignites into a flame. At high heat fluxes, 

ignition temperature is a minimum of around 300 - 350
0
C and time to ignition is short. 

 

Pyrolysis process 
 

The cell walls of wood comprise three primary constituents - cellulose, hemicellulose, and 

lignin. They are each multi-molecular polymers. The fraction of these constituents varies 

among wood species (see Table 1).  

 

Constituents Scot Pine  Spruce  Eucalyptus  Silver Birch 

Cellulose (%) 40.0 39.5 45.0 41.0 

Hemicellulose (%) 28.5 30.6 19.2 32.4 

 Lignin (%) 27.7 27.5 31.3 22.0 

 

Heat breaks these constituents down into gases and when ignited, they burn. This thermal 

degradation process of the cell wall is known as pyrolysis.  

 

Pyrolysis occurs at different temperatures for different compounds, eg. hemicellulose begins 

degradation (= weight loss) at 200 to 260
o
C, cellulose at 240 to 350

o
C, and lignin at 280 to 

500
o
C.  

 

The 300ºC temperature is significant.  At temperatures under 300ºC, the pyrolysis gases 

include carbon dioxide (CO2), carbon monoxide (CO), methane (CH4), hydrogen (H2), ethane 

C2H4, water, and low-molecular weight acids. When ignited, they glow and produce charring. 

At higher temperatures (> 300 - 350ºC), pyrolysis produces highly volatile gases, eg, 

levoglucosan, that flame when ignited rather than glow.  

 

The pyrolysis gases may ignite by auto ignition when they reach high enough temperatures 

(eg, 350- 600
0
C) or by piloted ignition at lower temperatures (eg, 300- 350

0
C), when a spark 

or flame ignites them. After ignition, the flame’s heat increases the wood temperature 

dramatically, which leads to a sharp increase in pyrolysis rate. We can measure the rate of 

pyrolysis by rate of weight loss. Rate of mass loss allows us to calculate energy released by 

the combustion process as follows –  

Energy release rate = Heat release rate (HRR) = heat of combustion x mass loss rate.  

HRR (kW / sq m) = H (kJ / kg) x mass loss rate (kg / sec / sq m)    
It can be a bit confusing because the units of HRR are the same as the units of radiation, but 

HRR is total energy released. It does not produce radiation, but part of the energy released is 

converted into becomes radiation (see INSET).     

 

INSET 

The following picture explains the difference and the connection between HRR and radiation. 

The flame is a gas burner with constant flow rate, which is equivalent to constant mass loss 

rate. When the mass loss rate produces an energy loss rate of 25kW, it has a constant flame 

height of say 10 cm and let’s say it emits radiation at 100 kW / sq m from the flame face, 

which is approx triangular with a surface area of approx ½ x 10cm tall x 10 cm at base = 50 

sq cm. View factor calculates incident radiation at 1m distance as IR.  If the gas flow rate / 

mass loss rate triples to triple the energy loss rate to 75kW,flame face emits at 100 kW / sq m, 

but the surface area is approx 100 sq cm. View factor calculates incident radiation at 1m 

distance as approx 2 x IR, assuming emissivity remains the same (terms explained in 

following text) .    
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Effect of radiation level on rate of temperature rise 
 

When radiation of a given level acts upon timber, the surface temperature rises rapidly at first 

and then plateaus Babrauskas (2001). The surface ignites when its ignition temperature is 

reached, which is independent of thickness of the wood. The following chart indicates how 

changes in incident radiation influence rate of surface temperature increase. Eg, at radiation 

load of 50 kW / sq m, surface temperature reaches 300
0
C in about 25 seconds, whereas at 30 

kW / sq m, it takes 90 seconds.   

 

Effect of radiation levels on temperature of surface
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Figure 1 Incident radiation influences surface temperature over time  

 
The speed of ignition increases as the thickness of the fuel decreases. Eg, for low to medium 

radiation levels (up to 40 kW / sq m), thin wood reaches ignition temperature three times 

faster than thick wood. The reason is that thicker wood absorbs more radiation internally by 

conduction, whereas thin wood absorbs its quota rapidly and further radiation converts into 

surface temperature rise. 

 

Time to ignition is influenced by many variables (Babrauskas, 2001) other than incident 

radiation - thermal thickness of the wood, roughness of surface, direction of grain, wood 

density, moisture content. In a bushfire, ignition occurs in fine fuel particles as well as thicker 

timbers. The next section focuses on basic theories of ignition time in thermally thin and thick 

wood.  
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Types of ignition 

 
Four types of ignition mechanism can be identified in a bushfire - ember ignition, impinging 

flame, piloted ignition and auto ignition. Babrauskas (2001) defines each as follows:  

- Ember ignition is caused by a glowing or flaming firebrand. Embers can be glowing or 

flaming. The surface can be non flammable or flammable fuel bed. The flammable fuel bed 

can be heated by a close flame or cold, ie, distant from the flame. In a forest fire, most ember 

ignition is in a cold fuel bed 

- Impinging flame is direct flame contact with a surface. The radiation in the area of flame 

contact is directly correlated with the temperature of the flame.  

- Piloted ignition is application of a spark or flame into pyrolysis gases. The pyrolysis 

products exist because of preheating by a radiation source. Typical cone calorimeter tests 

apply heat source and then ignite with an electronic spark.   

- Auto ignition is ignition by radiation alone. Heat generates pyrolysis gases and increased 

heat levels are required before gases spontaneously combust.   

 

Types of flammable material 

 
Thermally thin material  

As a rule of thumb, a wooden product is thermally thin if its thickness is not more than a few 

millimetres and thermally thick if 10 mm or more (Babrauskas, 2001). Fine fuel particles fall 

into the category of thermally thin material. When a thermally thin product is exposed to heat 

on one side, its opposite side heats up quickly. A thermally thin layer ignites more quickly 

than a thermally thick material. Data on time to ignition in dry fine fuel by ignition 

mechanism is not abundant, but as a rule of thumb, ignition by flame impingement and 

flaming ember is very rapid.  

 
Piloted ignition   
A common test is to heat a wood sample with known radiation, add a pilot flame and measure 

mass loss rate and convert it to peak heat release rate (PHRR = Heat of combustion x mass 

loss rate). PHRR rises to a peak and then falls away. In fine fuel beds, the maximum flash 

flame height corresponds with PHRR (eg, Dupuy et al, 2003).  A 1 mm thick veneer has rapid 

consumption rate, which means it reaches peak heat release rate (PHRR) quickly and then 

dies away quickly. By comparison, thick wood takes longer to reach PHRR and continues 

burning for a longer time. Eg, Figure 2 shows that under 50 kW / sq m radiation, PHRR for 

oak veneer sample was over 600 kW / sq m, reached in 39 seconds and finished quickly, 

whereas a 22mm thick sample had a PHRR of 250 kW / sq m and continued burning for 1000 

sec (White, 2000).  Figure 3 shows that increasing the irradiation level (in this case, thick oak, 

but the same applies to thin fuel particles) also increases the PHRR.   

 
Figure 2 Peak heat release rates for veneer and thick oak under radiation 50kW / sq m.   
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Figure 3  Radiation load increases the peak heat release rate. The total heat release rate is also 

known as Heat of Combustion (eg, kJ / kg)  

 
Auto ignition  
Auto ignition data is not available for fine fuel particles. This article therefore uses Tassios 

and Packham (1984) results for cotton, conducted in furnace tests. They measured time to 

charring for a range of incident radiation levels. Results are plotted on Fig 4, chart A. These 

results may be useful as indicator levels for beds of very fine fuel particles (eg, < 2 – 3 mm). 

 
Thermally thick material  
Cladding and framing timbers fall into the category of thermally thick materials. Babrauskas 

(2001) provides indicative correlations for a given thickness of thermally thick wood 

according to ignition mechanism:  

 

For impinging flame, time to ignite the impinged surface is:  

Tig = 41.3 x D
0.94

 / IR
1.82

    

Where, Tig = time to ignition in sec, D = wood density in kg / cu m and IR = incident 

radiation in kW / sq m    

 

For pilot ignition, an indicative time to ignition correlation time is:   

Tig = 130 x D
0.73

 / (IR – 11)
1.82

  

 

For auto ignition, Tig can be estimated as 2.5 times pilot ignition time at 25 kW / sq m and 

twice at 50kW / sq m.  

 

These equations have been plotted in Figure 4. These equations indicate that for a given 

radiation level, time to ignition increases with wood density (less than linearly). Because 

wood densities tend to have a narrow range (eg, 600 – 800 kg / cu m), their influence on 

ignition time is minimal. They also indicate that for a given wood density, ignition time 

decreases as radiation increases (almost to the square). One study exposed a range of wood 

species to radiant heat flux between 17 - 41 kW.m-2. It found that low density wood ignited 

faster than the high density wood and the higher the incident heat flux, the quicker the 

ignition time and the lower the ignition temperature. Eg, ignition time for 17 kW / sq m was 

200 sec and at 41 kW / sq m was 100 sec (Babrauskas, 2001).  

 

External heating as low as 10 kW / sq m can ignite wood, but it remains in glowing mode. 
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Removing the heat source will stop the burning. However, by preheating wood sufficiently, 

continued combustion can be maintained. This can be seen in a fireplace where individual 

pieces may continue glowing even after a ‘three-log’ effect no longer exists. 

 
Ignition of cold timber by live ember  
Babrauskas (2001) quotes research about the impact of wind on ignition. In no-wind 

conditions, red-hot brands caused ignition on solid wood if they were greater than 5 mm 

diameter, but in 8 m / sec wind, brands of 2.5 mm could cause ignition. Fine fuel particles, eg, 

twigs, dead leaves, dead grass fuel beds, can trap firebrands of all sizes. In high air flows, 

ignition of the fuel beds is rapid and they themselves burn with a strong flame.   

 
Ignition of cold timber by flame contact 
Flame onto non heated solid wood typically causes ignition at the flame site for the duration 

of flame exposure. For example, an acetylene/air plumber’s torch onto wood studs for up to 5 

minutes caused local flaming and charring, but once the flame was removed, the flames self-

extinguished (Babrauskas, 2001) 

 

In addition, thickness and orientation of wood influence ignition of non-heated wood 

Babrauskas (2001). Eg, A horizontal board will ignite under flame but will only continue to 

burn if less than 12mm thick. When a thin vertical board is lit at the bottom, burning can 

continue to completion, but if a piece of timber is held vertically and lit at the bottom it will 

die out if more than 20mm thick. The methylamine pill test found that no ignition occurs for 

any wood products thicker than 10mm. Using the ISO 11925-2 small-burner test, boards less 

than 18mm thick ignite when exposed to 30 sec flame at the bottom edge, but flame did not 

spread. If the boards are less than 10mm thick, they usually spread 150mm upwards. If the 30 

sec flame is applied to the centre of the board, ignition rarely occurs and never spreads to 

150mm, even on 2mm thin boards (Babrauskas, 2001).     

 

The above examples apply to flame on a cold timber surface. It indicates that flame can ignite 

timber, but continued burning is problematic. Clearly, if the surrounding timber surface is 

heated to pyrolysis level, the flame will tend to continue to burn and to spread.  

 

Translating the above theory to ignition scenarios in the bushfire situation, three types of 

wood surface and four types of ignition mechanism are identified. Table 2 summarises each 

scenario and references the relevant chart on Figure 4.  

 
Table 2  Likely ignition scenarios in a bushfire      

 Solid wood smooth Solid wood rough Fine fuel particles 

Ignition type     

Direct flame 

impingement  

= Flame contact  

Chart B Chart B Chart B 

Radiation causing 

auto ignition – no 

pilot ignition 

 

Chart C 

For safety margin use 

this chart. Expect 

ember to act as pilot 

Chart C 

For safety margin use 

this chart. Expect 

ember to act as pilot 

Chart A 

Radiation with 

piloted ignition 

Chart C Chart C Chart A 

 

Ember ignition 

No pre heating by 

radiation required 

No chart.  

Assume instant 

ignition when ember 

lands, smoulder 

expected 

No chart.  

Assume instant 

ignition when ember 

lands, flaming 

probable 

No chart.  

Assume instant 

ignition when ember 

lands, flame expected 
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Figure 4 shows charts A, B and C. They can be used as indicators for planning purposes in 

bushfire protection scenarios.  

 

Types of ignition vs duration of exposure
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Figure 4 Correlation between incident radiation and time to ignition for a given type of timber and a 

given thermal thickness. Eg, if incident radiation is 29 kW / sq m, impinging flame causes surface 

ignition after 25 sec, and piloted ignition causes surface ignition after 60 sec 

 

Summary so far 
In summary, the three causal agents are flame contact, radiation and embers. Ignition theory 

explains how they interact on a house in a bushfire. Ignition time for solid wood decreases as 

heat levels rise, whether the ignition source is flame contact or small sparks or larger embers. 

Flame spread in thicker timbers requires continued high heat loads. Ignition of fine fuel beds 

by these ignition sources is very rapid in both hot and cold fuel beds. Wind and heat 

encourage spread of flame in fine fuels and solid timbers. Low wind and low heat tend to 

extinguish flame in solid fuels.  

 

This identifies two possible danger scenarios that involve the fire front – either the fire front 

is close enough to preheat the entire surface of the house or it is at a distance, and there is no 

preheating. The house surface can be characterised as “hot” and “cold” respectively. The hot 

surface scenario is typical of the Ash Wednesday bushfire attack category. The cold surface 

scenario is typical of the Duffy bushfire attack scenario, where the running fire front was 

stopped at a distance. On a worst case weather day, both hot and cold surface scenarios 

experience strong hot winds.  

 

There are also two often overlooked scenarios that involve urban fuel. Embers from the 

distant flame front shower the house and ignite the urban fuel. Heat from the urban flame 

provides preheating to parts of the house surface and facilitates ignition by urban flame 

embers or flame front embers. 

 

Radiation 

 
Emitted radiation 



The Bushfire Solution Papers   Paper 3A     11 
Denis O’Bryan 

Published by Red Eagle Bushfire Protection Services, Melbourne, Australia  2014  

 
A hot surface emits radiation in proportion to temperature to the fourth power. Flame is not a 

solid surface, but researchers have adopted the equation by including emissivity index. Eg, 

the surface of a thick flame (> 2m depth) has emissivity of 1, and a 1m deep flame has 

emissivity of 0.7 and a thin flame (20cm deep) has emissivity of 0.1 (Chandler et al, 1983).   

 

Flame temperature 
Researchers found peak flash flame height above a bed of pine needles was 1m to 1.8m. 

During peak flame height, temperature at 1m, ie, within the flame body, fluctuated vigorously 

between 800 and 1100
0
C. Temperature at 1.5m fluctuated vigorously between 500 and 

1100
0
C (Dupuy et al, 2003).    

 

Reviewing the literature, flame tip temperatures for turbulent diffusion flames can be 

estimated as being around 320~400°C. For small flames (less than about 1 m base diameter), 

temperatures in the continuous flame region are around 900°C and for larger width fires, they 

are up to 1100~1200°C.  

 

Some flames are visible to human eye, some flames are not visible. Flame colour can indicate 

relative temperature.  Planck's law says that, as the temperature decreases, the peak of the 

black-body radiation curve moves to longer wavelengths, ie, from blue to yellow to red. But 

flame colour in cellulose fires is not a precise science.   

 

The maximum theoretical flame temperature for most hydrocarbon-air mixtures is around 

about 2000°C, and occurs when the ratio of oxygen to gas molecules matches stoichiometric 

formula. It is theoretical because it assumes the flame uses no heat. In reality, the flame is 

usually in oxygen deficit and heat is lost when the gas mixture expands. Nevertheless, we can 

its evidence in the hottest part of a flame. Here, the combustion reaction is quickest and 

complete and the flames are usually bluish and smokeless.  

 

If we consider a flat bed of wood on the ground. The initial reaction cracks the larger 

molecules of the fuel into smaller volatile ones. They burn with a blue flame. The low density 

gas mix rises in the heat and reacts with oxygen. At the base, the flame temperature is highest, 

eg, over 1000
0
C and may approach 1300

0
C (eg, charcoal burns in a forced air flow at 

1390
0
C). Its colour is white or yellow, and tends to out-shine the smaller blue flame.   

The common yellow-orange colour of the flame is due largely to micro soot particles in the 

flame being heated to incandescence, but there is a wide temperature range (eg, 600 – 900
0
C). 

A high concentration of soot particles indicates the fuel mixture is rich and combustion is 

incomplete due to oxygen deficit.   

As these gases and particles rise through the flame body, many are not consumed and as the 

mixture cools, they appear as smoke. The blacker the smoke, the greater is the proportion of 

unburnt carbon, which indicates higher oxygen deficit within the flame envelope. The cooler 

parts of the flame may be visible as reddish (eg, 500 – 700
0
C). 

 

This forest fire photo illustrates the variation in flame temperatures.  

 

Near the ground, where most burning is occurring, the fire is white or yellow, the hottest 

colour possible for organic material in general. 

Above the yellow region, the colour changes to orange, which is cooler,  

Above the orange is red, which is coolest.  

Above the red region, combustion no longer occurs, and the un-combusted carbon particles 

are visible as black smoke. 
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Incident radiation  
Radiation received on an object is inversely proportional to the distance from the heat source 

and directly correlated to its surface area. The surface area of a wall of flame is its width 

times flame height. These variables are accounted for in View Factor (eg, McGrattan, 2000).   

 

 
 

 

Butler and Cohen (2000) found that a 30m wall of 

flame in a spruce forest generated a peak radiation 

load of 50kW / sq m on a vertical panel at 10m 

distance. The View Factor chart confirms the 

emitting radiation was 100kW / sq m. If emissivity is 

1, the wall of flame had an equivalent temperature is 

850
0
C. If emissivity is 0.8, the equivalent temperature 

is 950
0
C.  

Taylor et al (2004) reports temperature simultaneous 

temperature recordings at various heights as follows 

– litter bed level 900 - 1000
0
C, shrub level 700

0
C, 

mid trunk 500
0
C, lower crown 400

0
C. 
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