
Traditionally fire managers have concentrated on surface weather conditions to predict fire 
behaviour. However as a result of more recent severe bushfires, there has been increasing 
interest in the influence of atmospheric conditions above the fire. Pyrocumulonimbus 
(pyroCb) events can substantially change the characteristics of weather and therefore the 
behaviour of fires. The direction and strength of wind can become highly unpredictable 
and variable in the presence of a pyroCb, and associated lightning may ignite additional 
fires. It is important that fire managers are aware of the factors that indicate potential 
pyroCb development and plan for the possibility of erratic bushfire behaviour.

The Effects of  
Pyrocumulonimbus on Fire 
Behaviour and Management 

•   An unstable atmosphere 
promotes convection, and tends 
to enhance fire behaviour.

•   Atmospheric stability can be 
assessed by observing smoke, 
wind and cloud behaviour.

•   PyroCb events are characterised 
by gusty and variable winds.

•   PyroCb can have a significant 
effect on bushfire behaviour, 
increasing fire intensity, flame 
length, rates of spread and 
spotting distance.

•   Fire managers should be aware 
of the warning signs of pyroCb 
development as increased fire 
behaviour may put firefighters 
and the community at  
increased risk.

•   Working in the dead-man zone 
and back burning are particularly 
dangerous during a pyroCb event.

Key Points

What is Pyrocumulonimbus?
PyroCb is a tall, dense, fluffy cloud with a flat base and spreading anvil shaped head  
that is produced by the intense heating of air in a bushfire. Heated air rises rapidly before 
forming clouds when it cools in the upper atmosphere. When the atmosphere is unstable 
enough and the bushfire is large and intense enough, these clouds can develop into 
thunderstorms that may be accompanied by strong inflow, downburst winds and  
lightning strikes.

Figure 1:  Pyrocumulonimbus cloud formed above the Waroona Fire, 7 January 2016. 
(Source: R. Rampling, 9 News Perth)
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When do Pyrocumulonimbus Develop?
PyroCb’s form when large volumes of air are lifted rapidly, due to the intense heat 
generated by a large bushfire. Unstable atmospheric conditions are required to allow the 
fire plume to extend high into the atmosphere, rather than becoming trapped beneath a 
temperature inversion. It is thought that the lift generated by a fire plume may be 
enhanced by additional sources of atmospheric lifting such as convergence lines (sea 
breezes, fronts or trough movements) and topographical influences. 

The occurrence of cumulus clouds indicates atmospheric instability and their  
presence near a large bushfire is a warning of the potential for pyroCb development.  
Recent research supported by the Bushfire and Natural Hazards CRC suggests  
that large bushfires can enhance atmospheric instability and in doing so also increase  
the likelihood of a pyroCb event (Tory et al, 2016). It should be noted that the smoke 
columns of large prescribed burns may break through atmospheric temperature 
inversion when present. However as they are managed under controlled conditions they 
should not generate the fire intensity required to produce a pyroCb event.

How does Pyrocumulonimbus affect  
fire behaviour?
PyroCb events are characterised by gusty and variable winds. These originate as 
downbursts of air from the cloud column and strong inflow winds generated by 
convection. During a fire, hot air rises because it is less dense than cold air. Through the 
process of convection, hot air carries heat as it rises, but gradually loses it to the 
surrounding air. This means that as the fire grows in strength, there will be an increased 
volume of air which will become heated and rise, and an increased volume of replacement 
air that will be drawn into the fire edge at ground level.  

The winds from a pyroCb can cause fire behaviour to become more intense and less 
predictable. Fire intensity, flame length, rates of spread and ember spotting can all 
increase and each wind surge may alter the direction of fire spread and ember spotting. 
This can be dangerous for firefighters as headfire conditions may continuously be 
changing and unexpected, intense fire behaviour may occur on flank and tail fires. PyroCb 
events may also generate lightning, potentially igniting new fires some distance from the 
main fire. 

Figure 2:  The 10 main types of cloud (Source: Bureau of Meteorology).

•   Convection is the process 
generally associated with rising 
warm air, and the formation of 
clouds. Local breezes, wind and 
thunderstorms are a result of 
convection in the atmosphere. 

•   The troposphere is the lowest 
region of the atmosphere, nearest 
the earths surface.

•   The C-Haines Index is a tool for 
evaluating the potential 
contribution of dry, unstable air  
to the development of large or 
erratic plume-dominated bushfires. 

•   PyroCb is a tall, dense, fluffy 
cloud with a flat base and 
spreading anvil shaped head that 
is produced by the intense 
heating of air in a bushfire.

•  The ‘dead man zone’ is the area 
directly around a bushfire that is 
likely to burn within 5 minutes and 
encompasses the distance the fire 
can travel in 5 minutes if the wind 
changes direction, turning a flank 
fire into a head fire. While 
conducting fire suppression in the 
dead man zone, there is a risk that 
the fire intensity and spread can 
suddenly increase dramatically if 
the wind direction changes, leaving 
little or no time for firefighters to 
seek refuge before being enveloped 
in a burnover.

•  LACES is a safety reminder 
acronym used to direct the 
following bushfire safety 
measures: 
L – Lookouts,  
A – Awareness,  
C – Communications,  
E – Escape Routes and 
S – Safety Zone.  
Refer to DFES Directive 3.5 
Bushfire - Crew and Sector Safety 
- LACES.

Definitions 



Visually Assessing Instability
Atmospheric stability can be assessed visually by observing smoke, wind and cloud 
behaviour. Visual signs of atmospheric instability that firefighters should be vigilant of include: 

 •   Smoke rising to high elevations, forming tall columns.

 •  Good surface visibility (clear lower atmosphere).

 •  Gusty and variable winds (up and down drafts).

 •   Cumulus cloud development (pronounced vertical cloud growth).

 •  Dust swirls (willie-willies).

 •   Virga (an observable streak of precipitation that evaporates before reaching the ground).

The C-Haines Index
In the presence of a bushfire, the Continuous Haines (C-Haines) index can be used by the 
Bureau of Meteorology (BoM) to predict the unstable atmospheric conditions that can 
contribute to the development of pyroCb events. The C-Haines Index combines measures 
of the vertical rate of change in air temperature and the change in moisture content of the 
lower atmosphere to provide a score out of 13. A high C-Haines index value indicates an 
unstable atmosphere that may favour pyroCb formation. A value is considered high if it 
exceeds the 95th Percentile value for the location.

The C- Haines Index will not definitively predict pyroCb formation; a high value is a trigger 
for  meteorologists to investigate the stability of the atmosphere in more detail. BoM 
provides a C-Haines Index graphic for the South West Land Division in fire weather 
briefings to the Department of Fire and Emergency Services and Parks and Wildlife. BoM 
Fire Weather Forecasters, including the State Operations Centre Meteorologist (SOCMET) 
can provide further information to fire managers if a high C-Haines index is forecast. 

Figure 3:   Effect of inversion and atmospheric stability on fire development.

•  Atmospheric stability is the 
resistance of the atmosphere to 
vertical motion. 

•  A stable atmosphere resists 
convection, suppressing the upward 
motion and vertical displacement of 
air. This can dampen the potential 
fire behaviour. 

•  An unstable atmosphere 
promotes convection; supporting 
the upward motion of air.  
This can enhance the potential 
fire behaviour.

•  Under normal conditions, air 
temperature will decrease with 
increasing distance from the 
earth’s surface.

•  Temperature Inversion is a reversal 
of the normal behaviour of 
temperature in the troposphere. 
Under these conditions a layer of 
cooler air at the surface is overlain 
by a layer of warmer air. 

•  Inversions play an important role 
in determining cloud forms, 
precipitation and surface visibility 
as they act as a cap to the upward 
movement of air from the layers 
below. This results in convection 
and the diffusion of dust, smoke 
and other air pollutants being 
limited to levels below the inversion.  

•  Where pronounced low-level 
inversion is present, convective 
clouds cannot grow high enough to 
produce rain showers and visibility 
may be greatly reduced below the 
inversion, by the accumulation of 
dust and smoke particles. 
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Temperature 
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Stable atmosphere
Less intense fire behaviour with smoke which 
spreads beneath the inversion. A strong convection 
column cannot form. 

Unstable atmosphere
More intense fire behaviour due to a strong 
convection column forming. Smoke rises higher 
in the atmosphere. 
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Fighting Fires in Unstable Atmospheric Conditions
Additional caution should be taken on the fire ground if there are indicators of atmospheric 
instability. It is particularly important to be aware of the potential for the fire to rapidly change its 
direction of spread and rapidly increase its rate of spread under the influence of gusty and 
variable winds. Lookouts should be assigned to initiate communication if conditions change, 
threatening firefighter and/or community safety. For additional safe work practice advice please 
refer to the LACES firefighter safety checklist in the definitions section.

During periods of high atmospheric instability, direct attack may still be effective and safe 
during low intensity and small fires. For large fires there may still be opportunities for direct 
attack on the tail and flank fires provided access, terrain, fuel loads and vegetation types 
allow firefighters to work directly on the fire line and avoid the dead-man zone. However it 
may be necessary to revert to defensive suppression strategies such as control line 
construction and mechanical fuel modification. Working in the dead-man zone and back 
burning are particularly hazardous during a pyroCb event, as the direction and rate of fire 
spread may change without warning. It is also important to remember that the dead-man 
zone will extend further than usual and in all directions around the fire, due to the 
increased variability in wind direction and strength. The safest place to be when 
conducting fire suppression duties within vegetation is on burnt ground where the fuel 
load has already been consumed by the fire, well out of the dead man zone.

Further Research
The need for more research into forecasting bushfire convection plume behaviour was 
identified in the Ferguson Inquiry as “Opportunity 2: Fire Agencies to engage with the 
Bureau of Meteorology and the Bushfire and Natural Hazards Cooperative Research 
Centre to investigate the causes of and effects of pyro-cumulus weather occurrences on 
bushfire behaviour.” This research is a priority for the Bushfire and Natural Hazards 
Cooperative Research Centre (BNHCRC).

Contact for Further Information 
Department of Fire and Emergency Services, (08) 9395 9300 or www.dfes.wa.gov.au

Bureau of Meteorology (08) 9263 2222 or www.bom.gov.au

Figure 4:   Bullsbrook Fire January 2015.

References
Bureau of Meteorology. 2017 
Atmospheric Instability and the 
C-Haines Index.

Department of Fire and Emergency 
Services. 2014. Directive 3.5 - 
Bushfire.

Cheney, P., Gould, J. and McCaw, L., 
2001. The dead-man zone—a 
neglected area of firefighter safety. 
Australian Forestry, 64(1), pp.45-50.

Ferguson, E., 2016. Reframing rural 
fire management: Report of the 
special inquiry into the January 2016 
Waroona Fire. Government of 
Western Australia, Perth, p.23.

Mills, G.A. and McCaw, W.L., 2010. 
Atmospheric stability environments 
and fire weather in Australia: 
Extending the Haines Index. Centre 
for Australian Weather and Climate 
Research.

Tory, K.J., Pearce, M., Thurston, W.  
2016 , Pyrocumulonimbus 
Forecasting – Needs and Issues. 
Bushfire and Natural Hazards CRC.

http://www.bom.gov.au

