
Chapter 5

The Palasca Fire, September 2000: Eruption or Flashover?

John Dold,1 Albert Simeoni,2 Anna Zinoviev,1 Rodney Weber 3

At 6:57 am, about ten minutes before sunrise in the early morning of 17th September 2000, a

fire was reported near the base of a relatively small incised valley in northern Corsica. Starting

beside a coastal road, the valley rises almost 200 metres, in a north-easterly direction, over a

distance of about 700 metres, to a ridge that separates it from another valley falling away sharply

to the north east. A photograph of the valley is shown in Figure 1, as viewed from Lozari beach

which can be seen in the satellite image of the region that is shown in Figure 2.

Figure 1: A photograph (from Lozari beach) of the valley in which a dramatic acceleration in fire
spread occurred on 17th September 2000, up the slope marked ‘eruption’. The track used by fire crews
to access the valley and the region where the fire was ignited are also marked.
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Figure 2: A satellite image showing the valley seen in Figure 1 as well as the nearby Lozari beach.
The track used by fire crews to access the valley as well as the points of ignition and rapid fire spread
can be seen in both images. Amateur video footage of part of the event was taken from the point
marked ‘Video’.

Fire crews were deployed at the scene within 15 minutes in order to contain the blaze. Over the

next hour the fire managed to spread at a continuous pace, partly controlled by the firefighters,

but at the end of that time a dramatic change in its behaviour took place. At about 8:15 am the

flames advanced extremely rapidly over an area of nearly 6 hectares, completely overwhelming

some of the fire crew; two young firefighters were killed and six others suffered burns, five of

them severely. Survivors reported being surrounded by a lake of fire that rapidly developed and

began to die away over a period of about one minute.

This article attempts to summarise the development of the fire that morning, highlighting

the sudden and unusual change in its behaviour, drawing on available information (Raffalli et

al., 2002 and Peuch, 2007) and on a field examination. It also makes use of an amateur video

that partly captured the event, filmed from a vantage point beside the coastal road about 700

metres from the foot of the valley.



Figure 3: Views of the fire at approximately 7:15am (upper left), 7:30am (upper right) and a later
image, as seen from different parts of the track.

The fire initially developed from the base of the north-western slope of the valley and spread

steadily up the valley, encouraged by the slope and a moderate wind. As the top two views shown

in Figure 3 demonstrate, the fire remained on just one side of the valley and spread relatively

slowly during its initial period of growth. Nevertheless, at some stage, the lower flank of the fire

reached and crossed the valley floor after which the fire developed more vigorously.

The third image in Figure 3, taken at a later time, shows that the fire had then spread much

further up both sides of the valley. But what this picture also seems to show is that the head

fire had been suppressed; in the photograph each flank fire comes to an end with no sign of

any significant flames linking the two. This might have been seen as a positive development in

bringing the fire under control. Subsequent events however demonstrated a highly unusual and,

unfortunately, devastating form of fire spread.



Figure 4: Video images of the fire at about 8:15am spanning a total period of about one minute.

Visibility in the valley towards 8:15am, particularly in its upper reaches, was described as

very poor, as a result of the smoke produced by the fire. Video images, taken from the point

marked as ‘Video’ in Figure 2, corroborate this as seen in the first of the images in Figure 4. The

remaining images in this figure show an extremely rapid development of the fire over a wide area

of between 5 and 6 hectares, during a period of only one minute. The second image shows large

flames, well exceeding the height of an electricity pylon. The remaining images show how a very

rapid advancement of the fire left a widespread sheet of flame, simultaneously covering the entire

upper reaches of the valley. This is what the survivors described as a lake of fire.

The lake of fire gradually faded away leaving a scorched landscape in which not everything

seems to have been burnt. Even today, eight years after the incident, some fine dead fuel remains

from the region of the lake of fire. Some leaves from the vegetation remain in place, apparently left

unburnt but caramelised by the heat from the flames, as seen in Figure 5. The vegetation in the



Figure 5: Caramelised leaves and fine vegetation still remaining 8 years after the fire.

valley today (as seen in Figure 6) has not yet recovered to its level at the time of the fire (as seen

in Figure 3).

It has been conjectured, for example by Peuch (2007), that the dramatic change in behaviour

of the fire could have involved the spread of premixed flames, fuelled by unburnt pyrolysis gases,

driven out of the vegetation lower down the slope, but remaining unburnt initially. As early

as 1954, Arnold and Buck noted the existence of this kind of combustion in wildfires, some

aspects of which were investigated by Rafalli et al (2002). An article by Dold et al (2005) and

a New Scientist feature article by Williams (2007) also discussed the possibility that a similar

phenomenon could have led to the very rapid spread of large flames over grazed out pastures, as

witnessed by experienced firefighters during a large firestorm near Canberra in January 2003.



Figure 6: A view, as it is today, from the part of the valley where the lake of fire formed in Septem-
ber 2000.

These gases would have consisted of many volatile organic compounds, some of which would

condense into fine droplets at atmospheric temperatures forming a typically white or light grey

smoke and reducing the visibility. In sufficiently high concentrations this pyrolysed fuel vapour

would be able to support turbulent premixed flames, or deflagrations, that could propagate at

several metres a second, readily being able to cover 200 metres in about a minute. The images

seen in the video of the incident do appear to show flames spreading through the smoke above

the vegetation at one stage.

This kind of flame spread through unburnt pyrolysis vapour is quite common in building fires

where it contributes to what is known as flashover . It seems natural to use the same term in the

context of open air vegetation fires when, as Arnold and Buck (1954) described it, a premixed

“flame may flash over a considerable area” of mixed pyrolysis vapour and air.



If the mixture of pyrolysates and air contained an excess of fuel vapour over oxygen near

ground level, then the premixed flames of the flashover would have left a diffusion flame in their

wake, as described by Dold et al (2005). This would have taken the form of a sheet of flame above

ground level, having little or no oxygen below it. Vegetation below this lake of flame would then

have been heated by radiation from the flame above it but, in the absence of oxygen, would not

have been able to burn directly. Such a flame would gradually have weakened in intensity as

fuel and air would have mixed together more and more slowly, while still being cooled strongly

through radiating away its energy. At some point, when heat losses exceeded the rate at which

heat could be generated by the chemistry, the flame temperature would have dropped, in a

phenomenon known as radiative quenching, causing the flame to cease burning. Fine vegetation

near the ground would therefore have been subjected to strong heating for a while, in this case

about a minute, but would not have been subjected to surface oxidation. Indeed the damage to

the fire engines themselves also seems to have been relatively limited and the fire fighters within

the engines were able to survive the flames.

It seems quite possible that the Palasca fire of September 2000 involved a flashover that cov-

ered up to six hectares of vegetation, although alternative explanations also need to be considered.

Important questions remain as to why the fire might have burnt in this way. The separation of

the fire into flanks with no head fire may have had a part in it; at this stage, the efforts of the

firefighters might have succeeded in extinguishing the head fire, after which the flank fires should

have been easier to tackle. On the other hand, it could have been the case that the extinction of

the head was only partially successful: the flames might have been put out but the generation of

pyrolysis gases that would otherwise have burnt in the head fire may have continued sufficiently

strongly for a buildup to have developed into flammable proportions.

One problem with the idea of a flashover through the pyrolysis gases is that premixed flames

can only propagate through relatively high concentrations of the combustible volatile organic

compounds. Wildfires always produce such compounds but for them to support the propagation

of premixed flames their concentration in air must exceed a certain flammability limit, the precise

value of which is not known at this time although a crude estimate based on oxygen calorimetry of

a typical carbohydrate (CH2O)n and an estimated minimum self-sustaining flame temperature of



about 900 Celsius would be approximately 6% by mass in air, representing the lower flammability

limit . This is a fairly high concentration that would probably have been perceived as dense white

or grey smoke and which would also have been likely to make normal breathing difficult. Volatile

organic compounds at concentrations significantly below this level would present no danger from

premixed flame propagation, or flashover.

For a flashover to have covered such a large region, there should have been a buildup of

combustible volatile organic compounds above the lower flammability limit over much of the area.

This buildup need not have been particularly thick and would almost certainly not have been

uniform over the region where the flashover spread. Variations in the thickness of the flammable

region and in the concentration above the flammability limit would affect the propagation speed of

the premixed flame, which may well have fluctuated significantly as the flashover moved relatively

rapidly over the vegetation. The overall effect, however, would have been to achieve a rapid flame

spread over the area of the flashover.

The stoichiometric concentration of carbohydrate pyrolysates of the form (CH2O)n is about

18% by mass in air; at more than this concentration the fuel vapour and air mixture is rich, while

at lesser values the mixture is lean. For a gaseous diffusion flame to be left in the wake of the

propagating premixed flame of the flashover, the concentration of pyrolysis vapours would have

needed to exceed this level, at least close enough to the vegetation. On the other hand, pyrolysis

that is initiated by heating through the passage of the flashover could itself have initiated the

widespread diffusion flame (the lake of fire) so that concentrations that may have been initially

lower than the stoichiometric level might still have led to the generation of the lake of fire.

Whatever the means by which it was established, this pyrolysis would then have kept the lake of

fire refreshed with fuel vapour from below until radiative quenching set in.

An alternative explanation for the change in behaviour of the Palasca fire might be the

development of an eruptive fire, as a continuous upslope acceleration of a fireline, as can be

seen in other cases reported in this volume. These forms of eruptive fire can also be extremely

destructive, developing into rapid rates of spread up slopes or in canyon-shaped topographies.



Eruptive fires were studied in the groundbreaking work of Viegas and Pita (2004) using a

sloping canyon-shaped table in a laboratory; a full scale field experiment in a real canyon was

also carried out. Viegas (2005, 2006) provided an insightful formulation that can model how an

eruptive fire accelerates. More recently, articles by Dold et al (2009) have looked more deeply into

the underlying physical mechanisms, arguing that any growth in fireline intensity is mainly due

to an accumulation of flame depth, while different forms of feedback from intensity into spread

rate lead to either steady or eruptive fire behaviour. Backed up by experimental observations,

attachment of the air flow at the fireline, and especially ahead of it, was identified as a key factor

that is likely to generate conditions for eruptive fire growth.

This is a feature of the air flow that could be developed into a possible warning sign for

firefighters: if the air immediately ahead of a fire, that is spreading up a slope, is blowing uphill

away from the fireline, rather than downslope towards it, then a potentially very dangerous

situation may have developed.

According to these models and experimental investigations, both the intensity of the flames

and their spread rate grow larger and larger, as a continuous fireline in an erupting fire, although

there is not an abrupt change in spread rate as there would be for a flashover. It is feasible that

the head fire of the blaze in Palasca may have reformed itself and developed very rapidly into an

erupting fire with accelerating spread rates and flames of rapidly growing intensity.

The apparent quenching of the head fire in the Palasca incident does suggest that the fire

might not have developed as a continuous fireline but as a form of premixed flame spread or

flashover. Without deeper investigation, it is impossible to say with absolute certainty which

form of rapid fire spread was involved. It may even be possible that a fire eruption of more

devastating proportions could have arisen if the head fire been able to continue unhindered.

Perhaps the most important lesson that should be drawn from the tragic fire of 17th September

2000 is that current practical and scientific knowledge of very dangerous forms of fire behaviour

is limited. This is especially true when fires grow rapidly with no external driving force to alter



the behaviour of the fire, as in the case of the Palasca fire. Moreover, until the hazards are widely

recognised, firefighters will continue inadvertently to place themselves at risk.
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