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Recent catastrophic examples of unprecedented fire scenarios
occurred in Australia over the austral spring-summer of 2019-
2020 (Boer et al. 2020; Nolan et al. 2020). These conditions were
consistent with observed trends over the last century with
increasing bushfire risk, particularly more extreme fire events
(Clarke et al. 2013; Little 2017; Dowdy 2018; Harris and Lucas
2019). These observed changes and predicted increased
bushfire risk in Australia is at least partly attributable to
anthropogenic climate change (Beer & Williams 1995; Cary &
Banks 1999; Williams et al. 2001, 2009; Cary 2002; Hennessy et
al. 2005; Lucas et al. 2007; Pitman et al. 2007; Hasson et al.
2008; King et al. 2011; Cary et al. 2012; Clarke 2015; CSIRO &
Bureau of Meteorology 2015; Dutta et al. 2016)(Abatzoglou et al.
2019)(Di Virgilio et al. 2019). To mitigate increasing risk we need
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transformative change in our action on climate change and our
approach to fire management (Head 2020).

Prescribed burning is often the primary focus of bushfire fuel load
reduction and risk reduction. Few alternative methods are
considered, trialled and tested. Mechanical fine-fuel hazard
reduction of the understorey is proposed as a promising
alternative. An evidence-based approach to risk mitigation allows
for strategic, targeted and measurable fuel load reduction and
maintenance programs in locations where it will make the most
difference. This approach supports maximising risk mitigation,
while minimising works required (cost) and minimising impact on
the natural environment.

Fuel hazard reduction may occur at different scales and locations
in the landscape, however, should be targeted at areas of high
risk. The effectiveness of planned burning in bushfire risk
reduction, however, has come into question. Planned burns can
increase bushfire risk, adversely impact biodiversity, lead to state
shifts in native vegetation and fail to meet their objective
altogether. Alternative strategies of fuel load reduction should be
explored.

The nature of the bushfire risk, primarily to life and property, are
readily identifiable in the landscape. Creating defensible space
by managing fuel within the immediate surrounds of these assets
is likely to be the most effective means of protecting life and
property from bushfire risk. Planned burning close to high risk
areas is not socially or economically effective, nor indeed
effective in reducing risk. Mechanical bushfire fuel load reduction,
however, may provide the solution. There is insufficient evidence
of the success of alternative means of risk reduction, such as by
mechanical means.

Any successful strategy needs to target understorey fine-fuels;
occur near homes; balance environmental, social and cultural
values; adopt multiple risk management strategies; alternative
fuel hazard reduction approaches to planned burning; reduce the
area of land burnt; mechanical fuel hazard reduction; and involve
the community.

The local government at the Mornington Peninsula operates a
comprehensive program of mechanical fine-fuel hazard reduction
in the understorey. This case study documents an effective,
strategic and targeted alternative to prescribed burning, which is
readily transferrable across scales, regions and agencies
throughout Australia
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A promising alternative to planned burning: mechanical fine-fuel hazard
reduction of understorey

Dr Jeremy Little pPnhp, BSc[Hons]

Summary

Prescribed burning is often the primary focus of bushfire fuel load reduction and risk reduction. Few alternative
methods are considered, trialled and tested. Mechanical fine-fuel hazard reduction of the understorey is proposed as
a promising alternative. An evidence-based approach to risk mitigation allows for strategic, targeted and measurable
fuel load reduction and maintenance programs in locations where it will make the most difference. This approach
supports maximising risk mitigation, while minimising works required (cost) and minimising impact on the natural
environment.

Fuel hazard reduction may occur at different scales and locations in the landscape, however, should be targeted at
areas of high risk. The effectiveness of planned burning in bushfire risk reduction, however, has come into question.
Planned burns can increase bushfire risk, adversely impact biodiversity, lead to state shifts in native vegetation and
fail to meet their objective altogether. Alternative strategies of fuel load reduction should be explored.

The nature of the bushfire risk, primarily to life and property, are readily identifiable in the landscape. Creating
defensible space by managing fuel within the immediate surrounds of these assets is likely to be the most effective
means of protecting life and property from bushfire risk. Planned burning close to high risk areas is not socially or
economically effective, nor indeed effective in reducing risk. Mechanical bushfire fuel load reduction, however, may
provide the solution. There is insufficient evidence of the success of alternative means of risk reduction, such as by
mechanical means.

Any successful strategy needs to target understorey fine-fuels; occur near homes; balance environmental, social and
cultural values; adopt multiple risk management strategies; alternative fuel hazard reduction approaches to planned
burning; reduce the area of land burnt; mechanical fuel hazard reduction; and involve the community.

The local government at the Mornington Peninsula operates a comprehensive program of mechanical fine-fuel hazard
reduction in the understorey. This case study documents an effective, strategic and targeted alternative to prescribed
burning, which is readily transferrable across scales, regions and agencies throughout Australia.



Introduction

Recent catastrophic examples of unprecedented fire scenarios occurred in Australia over the austral spring-summer
of 2019-2020 (Boer et al. 2020; Nolan et al. 2020). These conditions were consistent with observed trends over the
last century with increasing bushfire risk, particularly more extreme fire events (Clarke et al. 2013; Little 2017; Dowdy
2018; Harris and Lucas 2019). These observed changes and predicted increased bushfire risk in Australia is at least
partly attributable to anthropogenic climate change (Beer & Williams 1995; Cary & Banks 1999; Williams et al. 2001,
2009; Cary 2002; Hennessy et al. 2005; Lucas et al. 2007; Pitman ef al. 2007; Hasson et al. 2008; King et al. 2011;
Cary et al. 2012; Clarke 2015; CSIRO & Bureau of Meteorology 2015; Dutta et al. 2016)(Abatzoglou et al. 2019)(Di
Virgilio et al. 2019). To mitigate increasing risk we need transformative change in our action on climate change and
our approach to fire management (Head 2020).

Planned burning dominates fire management and bushfire risk management in Australia, with little demonstrated
alternatives. Yet inappropriate fire regimes from planned and unplanned fires may have a greater impact on the
ecosystem, than from climate change itself (Williams et al. 2009; Little 2017). There is also evidence that planned
burning may not be ineffective in reducing bushfire risk, but that in some cases may lead to an increase in bushfire
risk (Price and Bradstock 2010; Zylstra 2012; Fairman et al. 2016b; Zylstra et al. 2016; Cawson et al. 2017; Dixon et
al. 2018; Furlaud et al. 2018; Cirulis et al. 2019; Florec et al. 2019; McColl-Gausden and Penman 2019). With
increased fire weather with climate change, the opportunity for planned burns is diminishing (Clarke et al. 2019)
Alternative and combinations of strategies from the suite of options for bushfire risk reduction are, therefore, required.

Fire management strategies do not always follow current scientific thinking, or based on evidence. Strategies may be
strongly influenced by cultural, ecological, economic and political considerations (Neale 2018). Fire behaviour
expertise has become institutionalised and is embedded in bushfire management agencies (Neale 2020). There is
evidence of a divide between practitioners, with scientists and researchers (Neale, Weir, and Dovers 2016)(Neale,
Weir, and McGee 2016). For these reasons, there may be ambivalence of alternative approaches to bushfire risk
management, which are new, emerging or evidence-based.

A new, alternative fire management strategy is presented here; mechanical hazard reduction of understorey fine-fuels.
A case study from a local government program on the Mornington Peninsula of Victoria provides evidence of the
success of such as program.

Fuel Hazard and Bushfire Risk

Fuel hazard and bushfire risk are two separate factors. Fuel hazard is vegetation which has to be "in a flammable
state, have an ignition source, and be in a position that fire, embers or smoke emanating from the hazard can
adversely impact values which are vulnerable and exposed to fire elements (flame contact, radiant heat, ember attack
and smoke) (Australasian Fire and Emergency Service Authorities Council 2014). Risk does not arise from an event
(such as a bushfire), but how the event may then impact something (such as a human settlement) (international
standard 1ISO 31000).

Bushfire risk mapping can identify areas of bushfire (vegetation fuel) hazard, such as the Bushfire Management
Overlay (Victorian Department of Environment, Land, Water and Planning, 2019), or can identify the values at risk
from bushfire, such as human settlements of the Victorian Fire Risk Register (Emergency Management Victoria,
2020).

Fuel hazard reduction is only one of a number of complimentary strategies in reducing bushfire risk (Australasian Fire
and Emergency Service Authorities Council 2014). Careful consideration and importance needs to be given to all
strategies and not limited to only one. Furthermore, planned burns are only one fuel hazard reduction strategy and
there are a number of other options in reducing fuel hazard that deserve equivalent consideration.

There are a number of different ways in assessing and managing bushfire fuel hazard, including some integrated
methods in development (Cruz, 2018). Bushfire fuels are the arrangement, structure and characteristics of vegetation.
Vegetation layers are generally consistent between approaches (Hines, 2010) (Cruz, 2018) including canopy, bark,
elevated, near-surface and surface fuels. Assessment of the fuels in these layers gives information on the overall fuel
hazard.

Different structural layers of vegetation and fuel size contribute disproportionally to flammability. One prominent
Australian fuel hazard assessment (Hines, 2010), identified that canopy fuels do not contribute to fire spread and are
not included in hazard calculations. Fire spread and behaviour is instead determined by the understorey fuels
(surface, near-surface, elevated and bark).



Fuel characteristics, such as size and dryness affect flammability. Fine fuels (fuels thinner than 6mm) “contribute the
most to the fire’s rate of spread and flame height” (Hines et al. 2010). Therefore, any fuel hazard reduction program
should focus on the reduction of the fine fuels in the understorey layers.

Bushfire risk is the potential impact that a bushfire might have on certain values. In risk calculations, consequences
and likelihood determine the level of risk. Of particular concern to the community are two primary values; life and
property, and the environment (Victorian State Government 2019).

Focusing on the risk to life and property, recent studies demonstrate that fuel hazard treatments need to occur close
to houses to mitigate risk of loss (Gibbons et al. 2012)(Price and Bradstock 2012) A recent review discovered the
consistent trend of proximity of fuel to houses is a key consideration. Vegetation fuel hazard within a 30-metre zone
around a house, and vegetation in contact with or close to houses had more impact on house loss than proximity to
forest (Penman et al. 2019). This evidence indicates that managing the fuel hazard within this zone is the most
effective means in reducing the localised risk to life and property.

Bushfire risk - fuel hazard reduction by prescribed burning

Planned burning or prescribed burning is a widely used land management tool for achieving land management
objectives, such as fuel hazard reduction, ecological restoration and improving ecosystem resilience (Australasian
Fire and Emergency Service Authorities Council 2017).

However, the increased emergence in scientific literature regarding the ineffectiveness of planned burning in fuel
hazard reduction seriously questions this methodology (Price and Bradstock 2010; Zylstra 2012; Taylor et al. 2014;
Zylstra et al. 2016; Fairman et al. 2016b; Cawson et al. 2017; Dixon et al. 2018; Furlaud et al. 2018; Cirulis et al.
2019; Florec et al. 2019; McColl-Gausden and Penman 2019).

Prescribed burning effectiveness is small in protecting life and property when weather conditions are severe (Price
and Bradstock 2012) with less than 10% likelihood of a planned burn stopping an unplanned fire (Price and Bradstock
2010). Although increasing prescribed burning does improve risk reduction it does so at diminishing returns (Florec et
al. 2019). Increased wildfire activity since the 1950s has occurred despite progress in fire management strategies
(Fairman et al. 2016). If planned burns were to be effective they will be most effective near houses (Price and
Bradstock 2010), which generally does not occur. There are other options for fuel hazard that are more appropriate
and more effective in reducing bushfire risk.

Mechanical Fuel Hazard Reduction: understorey not canopy

Only recently has an overview of mechanical fuel hazard reduction been presented for Australia (Ximenes et al.
2017). There are different strategies for mechanical fuel hazard reduction consisting of stem thinning (mechanical
thinning) and/ or reductions in understorey fuels. Social acceptability of mechanical fuel load reduction as a fire
management strategy is no different to planned burning or grazing (Mylek and Schirmer 2016; Ximenes et al. 2017).

Fuel hazard is determined by assessing attributes of the fuel (vegetation) hazard in different structural layers (Hines et
al. 2010). All of these layers are understorey attributes, focusing on the fine-fuels. The removal of stems and canopy
by mechanical thinning, therefore, is unlikely to result in a demonstrable reduction in fuel hazard. It is, therefore, in the
understorey that fuel hazard reduction works should be focused. However, almost all of the studies on mechanical fuel
hazard reduction relate to mechanical thinning strategies. There were no known examples of understorey only fuel
treatments, where the canopy is not modified.

Examples of mechanical thinning strategies have repeatedly demonstrated ineffectiveness in reducing fuel hazard in
understorey vegetation (Schwilk et al. 2009; Proctor and McCarthy 2015; Volkova et al. 2017; Volkova and Weston
2019). Conversely, thinning of forests, including timber harvesting operations is already known to increase bushfire
risk (Lindenmayer et al. 2009; Price and Bradstock 2012; Wilson et al. 2018). Mechanical thinning programs, which
remove trees and canopy fuels are not likely to result in the reduction of understorey fine fuels and, therefore, fuel
hazard reduction.

The recent bushfire crisis has seen experts across industries call for an end to the logging of all native forests across
Australia (Readfearn 2020, Sanger et al. 2020). Not just for biodiversity reasons, but also due to the increased
bushfire risk that they create. Economically, native forest logging is heavily subsidised and can be allocated to better
purposes, such as fire mitigation.

Any land manager working at the peri-urban interface needs to strike a balance between vegetation protection and
bushfire risk management (Moskwa et al. 2018; MacLeod et al. 2019), which may often be conflicting objectives
(Driscoll et al. 2010). However, tree removal such as by thinning does not reduce bushfire risk. Converselty, tree



retention can reduce urban temperature (Thom et al. 2016; Duncan et al. 2019) and environmental microclimate (Little
2017). Vegetation type, or canopy cover has a very strong effect on microclimate and fire risk (Little et al. 2012).

There appear to be serious problems with the effectiveness of planned burning and mechanical fuel hazard reduction
of the overstorey. A rethink of management strategies is required to deliver a targeted, strategic, effective and
measurable fuel hazard reduction strategy that can be applied at multiple scales. One known program delivers this,
through mechanical understorey fine-fuel reduction.

Case Study: Mechanical Bushfire Fuel Load Reduction program — Australian, NSW
and Victorian Governments

As part of the National Bushfire Mitigation Programme, the Australian Government under a national partnership
with the NSW Government is contributing to the Mechanical Bushfire Fuel Load Reduction Programme. This
programme was a 2013 election commitment, with funding for trials provided in 2015-16 and 2016-17 (Australian
Government Department of Agriculture, Water and the Environment, 2016). The project coordinator has advised that
this programme has been extended until June 2021 (John Samuel pers. Comm.). No publication or results of these
trials have been made publicly available. Now would be a critical time to evaluate this programme, following the fires
on 2019-20 which have affected two of the areas in the trials; the Mid-North Coast of NSW and East Gippsland
Victoria.

“The trials aim to establish whether mechanical thinning of forests can reduce bushfire risk in an economical, socially
acceptable and environmentally sound manner around key assets, such as conservation areas or townships, where
prescribed burning is undesirable for a range of reasons” (Australian Government Department of Agriculture, Water
and the Environment, 2016).

Unfortunately, there is no evidence that this program will result in fuel hazard reduction adequate enough to make a
difference. There are, however, other forms of mechanical fuel hazard reduction, which will work.

Case Study: Mechanical understorey fine-fuel hazard reduction program -
Mornington Peninsula Shire

Mornington Peninsula Shire fire management includes multiple complimenting programs. These include community
engagement and preparedness; fire prevention on private property; regulation of open air burning; prescribed burns;
grass mowing; weed management; reserve and roadside management (Mornington Peninsula Shire, 2019). One of
these programs, ‘Fire Management in Shire Reserves’ is a mechanical fuel hazard reduction program. Their
mechanical works “aim to reduce fuel hazard and risk to neighbouring properties from potential bushfire” (Mornington
Peninsula Shire, 2019). Mechanical fuel hazard reduction works “typically consist of slashing, removing or trimming
vegetation to reduce connectivity between shrubs and trees, and removing fallen, dead branches”. These works focus
on understorey fine-fuels, rather than overstorey (canopy) fuels and trees.

The Shire uses standard fire management planning and zoning categories (Department of Sustainability and
Environment, 2012) (Australasian Fire and Emergency Service Authorities Council, 2017), applied at varying scale
relevant to a local government area (Ellis, 2004). Fire Management Zones currently used include Asset Protection
Zones and Bushfire Moderation Zones. There is limited scope for other zones such as Landscape Management
Zones or Planned Burns due to the small size of Council Reserves. Rather than relying on landscape-scale
treatments (such as prescribed burns), targeted fuel hazard reduction providing defensible space near homes in high
bushfire risk areas is providing effective and achievable fuel hazard reduction in the areas where it matters the most.
Fire Management Zones are generally located around Shire reserve boundaries adjacent to assets and in high
bushfire risk areas.

Landscape risk can be determined from existing mapping, including the Victoria Fire Risk Register (Emergency
Management Victoria, 2020), Bushfire Management Overlay (Victorian Department of Environment, Land, Water and
Planning, 2019) and Bushfire Prone Areas (Victorian Department of Environment Land, Water and Planning, 2020).
Local risk to homes can also be determined such as with the Victorian Fire Risk Register human settlements category
(Emergency Management Victoria, 2020).

At the local scale, as it relates to individual homes, the bushfire attack level (BAL) can be assessed to determine an
appropriate defendable space (Victorian Department of Environment Land, Water and Planning, 2020). Managing a
defensible space of vegetation/ fuels with a 30-metre zone around a house, vegetation in contact with or close to
houses, is the most effective means of risk reduction (Penman, 2019). In most situations, this relates to vegetation
management on private property. The location of Shire Fire Management Zones near homes, can assist in the
provision of defensible space and may vary according to the defendable space on adjacent private property.




Promoting the role of the private property in providing its own defensible space is a key component of the Shire’s fire
community engagement.

Fire Management Zones are inspected to asses fuel hazard and identify works required to reduce the overall fuel
hazard to acceptable limits (depending on the zone category). Identified areas are then prioritised for mechanical fuel
hazard reduction works. Post-works fuel hazard assessments demonstrate successful reduction in fuel hazard

This program has been operational for many years and currently has an extensive annual budget of approximately
two and half million dollars (pers. comm.). There are 2044 Fire Management Zones across the municipality
(Mornington Peninsula Shire, 2019). Collectively, the network of over 2000 Fire Management Zones across the
municipality is contributing to managing bushfire risk at a landscape scale. Consideration is also given to ignition risk
and potential fire spread scenarios.

Examples of Fire Management Zone effectiveness

Shire Fire Management Zones have been demonstrated their effectiveness in reducing wildfire intensity and impact on
homes in a number of fire scenarios including: Hastings, Warringine bushland reserve (Terramatrix, 2015); Mt Eliza,
Banool bushland reserve (pers. comm. 2018); and Arthurs Seat — Cemetery Drive (pers. comm. 2019). At Warringine
bushland reserve, the Fire Management Zones affected by wildfire were assessed for their effectiveness and they
“proved effective in preventing ignition of homes from flames or radiant heat generated by vegetation burning within
Warringine Park” (p. 39, Terramatrix 2015).
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