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suMMARY
This research project examines the effect of prescribed 
burning on forest carbon and greenhouse gases released 
into the atmosphere. results from this project will supply 
critical information to predict the emission of greenhouse 
gases from biomass burning, and to identify opportunities 
for greenhouse gas abatement through different forest 
management practices.

ABOuT THIs PROJeCT
This research is from the Fire in the Landscape project within 
the Bushfire CrC Managing the Threat program. This project 
deals specifically with the question of how does prescribed 
burning influence forest carbon storage and carbon emissions 
to the atmosphere. study sites were established in lowland 
dry sclerophyll forests of southern Australia. The main forest 
carbon pools, such as aboveground biomass, deadwood, 
litter and soil organic matter were measured before and 
immediately after prescribed burning. Based on biomass 
difference, the changes in carbon stocks and the emission of 
greenhouse gases can be estimated. recovery of carbon  
pools is monitored for a year after burning. Analysis of the 
biomass losses will help to understand fuel consumption and 
emission release.

AuTHORs

dr Liubov Volkova and dr Christopher Weston, Melbourne 
school of Land and environment, the university of 
Melbourne.

This project is in collaboration with the department of 
sustainability and environment, Victoria; Parks and Wildlife 
services, tasmania; forests NsW; and Queensland Parks and 
Wildlife service.

for more information about this research, contact dr Volkova 
on lubav@unimelb.edu.au 

envIROnMenTAl IMPACTs Of PResCRIBed 
And WIldfIRe – eMIssIOns MAnAgeMenT

BACKgROund
Regular prescribed burning over large forest 
areas is essential to reduce the risk of large‐
scale bushfires near population centres and 
important assets such as water catchments 
and commercial developments. The effect 
of fire on net carbon release in Australia’s 
southern eucalypt forests is currently poorly 
understood. This is mainly due to the large 
areas of forest involved, the wide range 

of forest and burn types, and the complex 
range of forest carbon transformations. 

fire oxidises organically‐bound carbon to 
release greenhouse gases and modifies forest 
organic matter, producing a wide range of 
charred and partially oxidised materials. 
The addition of burnt organic matter to 
the soil surface and the modification of 
soil organic matter by fire are likely to have 
profound impacts on both total litter and 

soil carbon and its turnover rate – and thus 
on the carbon dioxide (CO2) released into 
the atmosphere. Currently there is little 
published information to calculate the impact 
of prescribed burning on emissions release 
to the atmosphere during burning, or in the 
years afterwards. Additionally, there is not 
enough data for comparing emissions from 
repeated prescribed burning and long‐interval 
bushfires.

  dr Liubov Volkova at a prescribed burn in Victoria’s Otway ranges. data was 
collected at nine burns across the Otway ranges.
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BusHfIRe CRC ReseARCH
for this project, forest biomass was measured 
before and immediately after burns in selected 
study sites. The fireline intensity of prescribed 
burning was estimated based on rate of flame 
spread and amount of fuel burnt. released 
emissions of CO2 and non CO2 gases (such as 
methane and nitrous oxide) were estimated 
based on forest fuel loads, patchiness of burns 
and burning efficiency of fuels.

Changes in biomass
The first study sites were established in 
Victoria’s Otway ranges in 2010. standard 
forest inventory was used to derive estimates 
of overstorey trees, understorey vegetation (i.e. 
small trees and shrubs less than 50 centimetres 
in height) and standing dead trees.

Within 45 metre diameter plots, the trees were 
measured for bark thickness and diameter at 
breast height. Based on the known allometric 
equation for Eucalyptus obliqua (Bi et al 
2004), tree biomass was calculated. forest 
floor components, i.e. coarse woody debris, 
ground cover (grasses and small shrubs), litter 
(dead leaf material) and soil (to 30 centimetres 
depth), were sampled from smaller, 10 metre 
diameter, subplots. 

ReseARCH OuTCOMes
Pre-fire estimates of above-ground carbon 
density in the Eucalyptus obliqua dominated 
forests in the Otway ranges were significantly 
below the mean values for similar forest type 
previously published by Grierson et al (1992), 
who found that carbon density was 238.6 
tCha-1, while this study found carbon density 
to be 129.1 tCha-1. 

in contrast to similar studies stating complete 
loss of understorey in low intensity prescribed 
burns (hamilton et al 1991), no significant 
loss of understorey trees and shrubs was 
observed in this study. The main loss of 
biomass (approximately 60%) occurred in 
litter, followed by bark and ground cover of 
surface vegetative layer (approximately 13%). 
An increase in the carbon concentration of 
topsoil as a result of charcoal enrichment 

transferred from burnt litter was found. Litter 
was found to be the major emitter of CO2 and 
non-CO2 gases during prescribed burning; 
results showed that one tonne per hectare 
of burnt biomass released 0.1 tonnes of CO2 
equivalent emissions. 

HOW COuld THe ReseARCH Be used?
The results of this project will help forest 
managers and policy makers to understand 
which carbon pools are most affected by 
fire, and how emission abatement can be 
achieved through different forest management 
practices. 

fuTuRe dIReCTIOns
in the next phase of the project new sets 
of research sites in mixed species forests in 
Victoria, tasmania and southern Queensland 
will be established. in collaboration with 
CsirO’s Atmospheric research division, 
combustion and emission factors for each 
fuel type will be measured, thus improving 
emission estimates. field-based measurements 
of fuel loads, characteristics and combustion 
efficiency will help to understand possible 
ways to reduce emissions and to improve 
national estimates of greenhouse emission 
from biomass burning.

WHAT Is BIOMAss?

Biomass is the total mass of all living 
material in a specific area.
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eMIssIOn esTIMATes

using the National inventory report 2009 (Australian Government 2009) the emissions 
were estimated. for calculations, the available emission factors for fine fuels in southern 
Australian forests (Australian Government 1999) were used.

eMIssIOn =  MAss Of fuel BuRnT × CARBOn MAss fRACTIOn In fuel  
× eMIssIOn fACTOR × fACTOR TO COnveRT fROM 
eleMenTAl MAss TO MOleCulAR MAss

Carbon and nitrogen content of fine fuels was analysed in the laboratory. from estimates of 
mass loss in each carbon pool and known carbon and nitrogen content, the amount of CO2 
and non-CO2 gases emitted to the atmosphere was calculated.

  The effects of 
a prescribed 
burn on the 
forest floor. 
The main loss 
of biomass 
occurred in 
ground litter.
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end useR sTATeMenT

This area of research is crucial 
as we move forward in a carbon 
conscious environment, at the 
same time finding ourselves under 
increased pressure to implement 
larger burns across more of the 
landscape. Land managers across 
Australia need to know what 
affect their management practices 
are having on the environment. 
We are constantly called to 
account for our actions and the 
results from this research will 
provide us with operational tools 
that will enable estimates to be 
made of carbon emissions from 
planned fires as compared to a 
bushfire on the same site.

This is a very exciting project 
that is currently delving into the 
unanswered questions around 
carbon and greenhouse gas 
emissions from planned fire, 
and will set the scene for more 
efficient forest management 
with regard to carbon pools and 
prescribed burning.

– neil Cooper, Manager fire, 
forest and Roads, ACT Parks 
and Conservation service
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fire note is published jointly by the  
Bushfire Cooperative Research Centre 
(Bushfire CRC) and the Australasian fire 
and emergency service Authorities Council 
(AfAC). This fire note is prepared from 
available research at the time of publication 
to encourage discussion and debate. The 
contents of the fire note do not necessarily 
represent the views, policies, practices or 
positions of any of the individual agencies 
or organisations who are stakeholders of the 
Bushfire CRC.

Bushfire Cooperative Research Centre
Level 5/340 Albert street 
east Melbourne ViC 3002
telephone: 03 9412 9600 
www.bushfirecrc.com

Bushfire CrC is a national research centre in the 
Cooperative research Centre (CrC) program, formed 
in partnership with fire and land management agencies 
in 2003 to undertake end-user focused research.
Bushfire CrC Limited ABN: 71 103 943 755

Australasian fire and emergency service 
Authorities Council
Level 5/340 Albert street 
east Melbourne ViC 3002
telephone: 03 9419 2388 
www.afac.com.au

AfAC is the peak representative body for fire, 
emergency services and land management agencies 
in the Australasia region. it was established in 1993 
and has 35 full and 10 affiliate member organisations.

MeAsuRIng THe fOResT BIOMAss

  The beginning of a prescribed burn in the Otway ranges.
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Issue 1: using chemicals in firefighting 
operations.
Issue 2: The use of prescribed fire in bushfire 
control.  
Issue 3: smoke and the Control of Bushfires. 
Issue 4: Climate change and its impact on 
the management of bushfire.  
Issue 5: seasonal bushfire assessment 2006-
2007. 
Issue 6: shifting risk and responsibilities – 
the balancing exercise. 
Issue 7: The stay and defend your property 
or go early policy.  
Issue 8: guidance for people in vehicles 
during a bushfires.  
Issue 9: understanding communities – 
living with Bushfire: The Thuringowa 
bushfire case study. 
Issue 10: An integrated approach to bushfire 
management. 
Issue 11: Recruiting young fire service 
volunteers. 
Issue 12: firefighter’s exposure to air toxics 
during prescribed burns. 
Issue 13: Tree decline in the absence of fire. 
Issue 14: seasonal bushfire assessment 2007- 
2008. 
Issue 15: Bushfire community education 
programs.  
Issue 16: Billo Road Plantation fire.  
Issue 17: Trends in bushfire arson.  
Issue 18: fuel Moisture and fuel dynamics in 
woodland and heathland vegetation. 
Issue 19: Measuring responses to fire 
regimes in northern Australia.  
Issue 20: Awareness of bushfire risk. 
Issue 21: Bushfire smoke and Public Health. 
Issue 22: Keeping your recruits – boosting 
volunteer retention.  
Issue 23: Recruiting and retaining women 
fire service volunteers. 
Issue 24: seasonal bushfire outlook – 
national 2008-09.  
Issue 25: Climate change and its impact on 
the management of bushfire (updated).  
Issue 26: Burning under young eucalypts.  
Issue 27: Community vulnerability tested in 
2003 bushfires.  
Issue 28: fire and Cattle: Impacts on High 
Country. 
Issue 29: driving the Prepardeness Message 
Home. 
Issue 30: Bushfire smoke research – progress 
report. 
Issue 31: Remote sensing. 
Issue 32: fire Management of the High 
Country: A Critical Review of the science.
Issue 33: Planning and evaluating 
Community safety Programs.

Issue 34: seasonal Bushfire Outlook - 
northern Australia 2009-10. 
Issue 35: Competing demands for 
volunteers.  
Issue 36 : Aboriginal Wetland Burning in 
Kakadu.   
Issue 37: eucalypt decline in the Absence 
of fire.  
Issue 38: Assessing Aerial suppression drop 
effectiveness.  
Issue 39:  southern seasonal Bushfire 
Assessment 2009-10.  
Issue 40: exploring the Bushfire experience 
from a domestic Perspective. 
Issue 41: Investigating perceived teamwork 
effectiveness in Incident Management 
Teams.  
Issue 42: Observing Teamwork in 
emergency Management. 
Issue 43: fitness for duty: legislative and 
scientific Considerations.  
Issue 44: How Human factors drive 
decisions At fire ground level. 
Issue 45: Organising for High Reliability 
In emergency Management: An empirical 
link.  
Issue 46: fires drive major shifts in CO2 
emissions from sub-alpine woodlands and 
grasslands. 
Issue 47: Plants and fire: survival in the 
bush. 
Issue 48: Historical patterns of bushfire in 
southern Western Australia.  
Issue 49: forest flammability – How fire 
works and what it means for fuel control.  
Issue 50: effectiveness and efficiency of 
aerial fire fighting in Australia. 
Issue 51: Assessing grassland Curing by 
satellite.  
Issue 52: Bushfire safety for People with 
special needs. 
Issue 53: determining grassland fire danger 
with plant models. 
Issue 54: Cold-frontal bushfire winds and 
computer forecast models. 
Issue 55: Protecting our water reservoirs 
with sediment traps.
Issue 56: Mobile lab fills greenhouse-gas 
knowledge gap.
Issue 57: spatial patterns of soil carbon and 
nitrogen after eucalypt forest fire.
Issue 58: A case for bushfire safety 
information targeting women.
Issue 59: Community bushfire 
preparedeness - What drives our decisions?
Issue 60: Characteristics of wind over 
complex terrain.
Issue 61: Wind terrain interaction and 
bushfire propagation over rugged terrain.

Issue 62: foehn Winds and fire danger 
Anomalies over south east Australia.
Issue 63: Bushfire arson - what do we know 
now?
Issue 64: fire intervals and biodiversity 
responses in the south-west of WA.
Issue 65: simple indices for assessing fuel 
moisture content and fire danger rating.
Issue 66: fire dynamics in Mallee Heath.
Issue 67: Australian seasonal Bushfire 
Assessment 2010-11.
Issue 68: Tanks on trial: performance of 
rainwater tanks in bushfire conditions.
Issue 69: Passenger vehicle burnover in 
bushfires.
Issue 70: Residential boundary fences in 
bushfires: how do they perform?
Issue 71: Applying social psychology to 
community bushfire safety.
Issue 72: new Zealand seasonal Wildfire 
Assessment.
Issue 73: strategic implications for incident 
control systems in Australia and new Zealand.
Issue 74: The relevance of the pack hike test 
for Australian bushfire firefighters.
Issue 75: Know your patch to grow your 
patch.
Issue 76: Predicting woody fuel 
consumption: Can existing models be used?
Issue 77: How bushfire fighters think about 
worst-case scenarios.
Issue 78: eucalypt decline in the absence of 
fire: Relationship to the ectomycorrhizal 
fungal community.
Issue 79: The process and pattern of eucalypt 
forest decline in the absence of fire.
Issue 80: firefighter health and safety.
Issue 81: Hydration of Australian rural 
bushfire fighters.
Issue 82: understanding fire law.
Issue 83: Identifying smoke impacts from 
bushfires extending into the rural-urban 
interface.
Issue 84: Predicting fire from dry lightning
Issue 85: northern Australia seasonal 
bushfire outlook 2011. 
Issue 86: southern Australian seasonal 
bushfire outlook 2011-12.
Issue 87: Checklist items for researchers.
Issue: 88: defining community: debates and 
implications for bushfire policy.
Issue 89: Children’s knowledge of bushfire 
hazards.
Issue 90: erosion risk to water resources in 
fire and rainfall regimes.
Issue 91: Householders’ survival decisions 
under threat of bushfire. 
Issue 92: fire severity mapping.
Issue 93: northern Australia seasonal 
bushfire assessment 2012.
Issue 94: fire development, transitions and 
suppression, an overview.
Issue 95: southern Australia seasonal 
bushfire outlook 2012-2013. 

fIRe nOTes: Index
download at www.bushfirecrc.com/firenotes


