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Bushfire Risk Analysis in the Yellingbo Area
Background
A bushfire risk analysis was undertaken for VEAC’s1 Yellingbo Investigation Area as part of the
planning process involved in extending the habitat suitable for the Lowland Leadbeaters Possum and
the Helmeted Honeyeater, and more broadly integrate and coordinate all nature conservation
activities on public land in the area.
It was acknowledged by the Victorian Department of Environment, Land, Water and Planning
(DELWP) that the planned habitat development would have bushfire management implications.
As part of the development of a Bushfire Risk Management Plan for the area, a systematic study of
the bushfire risk in VEAC’s Yellingbo Investigation Area was undertaken. I was engaged as an
independent consultant to assist in this assessment process. I worked with DELWP staff to undertake
the analysis which differed from the typical bushfire risk analysis routinely undertaken by DELWP
staff in Victoria.

What Does Bushfire Risk Analysis Entail?
Bushfire Risk Analysis involves the evaluation of how a great number and range of factors interact to
result in a level of bushfire risk. This assessment takes into account the interactions of a wide range
of contributory and mitigating factors. Some of these factors are listed in Figure 1.

Figure 1.

Some of the factors involved in determining the level of bushfire risk at a given location.

Some bushfire risk factors must be considered at a landscape-scale and others at a local-scale. This
report will start by considering landscape-scale factors. However, before an assessment of the
bushfire risk can be made, a few concepts and terms need to be defined.

1

VEAC – Victorian Environmental Assessment Council (www.veac.vic.gov.au/)
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Values and Assets
Any risk analysis assumes that there is a chance that an undesired outcome may occur. The
undesired outcome will relate to Values or Assets we consider important to maintain. Some of the
Values and Assets considered in bushfire risk analysis include:
• Human life
• Houses
• Critical infrastructure such as bridges, telecommunications, electricity distribution, schools,
hospitals, roads, fresh water, sewerage treatment, etc.
• Biodiversity values such as endangered species, old-growth forest, aquatic ecosystems, etc.
• Economic values such as offices, factories, work-centres, shops, employment, agriculture,
tourism, etc.
• Social values such as community groups, sporting groups, religious groups, activity groups,
family groups, etc.
• Political values such as media support, public cohesion, government policy support, etc.
A bushfire, or series of bushfires over a period of time can impact (positively and negatively) on all of
the above Values and Assets. Being able to quantify the degree of potential impact, in terms of the
magnitude, duration, extent or frequency, is needed if different bushfire management options are to
be assessed.

Vulnerability
Each value and asset will have a particular vulnerability to bushfire exposure. The vulnerability will
lead to possible loss of value in the value or asset if the exposure to a bushfire hazard exceeds
specific levels of magnitude, duration, extent or frequency. For example, a house exposed to more
than 40 kJ/m2 of radiation will most likely catch alight and be totally destroyed, or Helmeted
Honeyeater habitat may be rendered unsuitable for 30 years if it is subjected to a fire of more than
20,000 kW/m intensity.

Bushfire Hazards
Bushfire Hazards are characteristics of bushfires that can result in the damage or loss to Values and
Assets. Some typical bushfire hazards include:
• Flame Contact (involves heat plus free radicals for piloted ignition)
• Heat (transmitted mainly via radiation and convection)
• Smoke (airborne particles, many gases, respiratory irritants, vision blockers, heat)

Exposure
Exposure is viewed from each Asset and Values’ perspective in terms of the magnitude, duration,
extent or frequency that can be expected to be experienced by each Value and Asset in the area
being assessed, under the range of conditions being planned for. The main question to be answered
with the assessment of the exposure to the bushfire hazard is whether or not the vulnerability level
is exceeded or not in each instance.
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Likelihood
The probability that an exposure will occur is called the “Likelihood” of occurrence. The insurance
industry base a lot of their insurance premiums on the likelihood that an event will occur at
sufficient magnitude to cause damage enough for an insured person to make a claim. In the case of
bushfires, there are a number of factors that combine to determine the likelihood of a bushfire
impact.
Firstly, the weather conditions have to be suitable for a fire to start, spread and be of sufficient
energy to cause damage, so there is the probability of severe or extreme fire weather occurring.
Secondly, there is the probability of a fire starting in a location and at a time that it will be able to
start, spread and impact on our Values or Assets of concern. Fires are likely to occur in some
locations more than others due to the level and nature of human activities in the area or the chance
of dry lightning on days when the fire weather is bad. In some areas, fires are very unlikely to occur.
And thirdly, once a fire starts and spreads, there are some areas in the landscape more likely to carry
a fire because of the nature of the fuels and the shape of the terrain. Some hillsides are much more
likely to burn because they face the sun and typically face the prevailing winds on severe and
extreme fire weather days. Some valleys are more likely to burn because they typically carry dry
grass and channel winds up or down the valley. Whatever the combination of factors, there are
some areas in the landscape much more likely to be visited by a bushfire than others.
Each of the individual factor probabilities combine to give an overall likelihood, so that the overall
likelihood is a product of weather by ignition by fire occurrence likelihoods. So for example, in an
area of interest, extreme fire weather might be expected once every 30 years. The chance of a fire
starting in an area where that fire would reach our area of interest might be 1 in 10,000. The chance
of a fire impacting on our area of interest given the right weather and ignition might be 1 in 300
fires. Therefore, the overall likelihood of a fire impacting on our area of interest in any particular
year would then be:
0.033 x 0.0001 x 0.0033 = 0.000000011 (one in one hundred million)
On the basis of the National Emergency Risk Assessment Guidelines Handbook (2015), the above
example would indicate that the likelihood of a bushfire impact on our area of interest would be
“Extremely Rare” (Fig. 2).

Figure 2.

Likelihood expressed in probability terms in the National Emergency Risk Assessment Guidelines Handbook
(2015), p.71.
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Consequence
The Consequence then is the result of the interaction between the bushfire Hazards and the Values
or Assets usually expressed in terms of the potential level of loss or damage. The level of
consequence can sometimes be classified into terms of the ability of an individual, community, or
country to be able to cope with this level of impact. Terms such as: Insignificant / Minor / Moderate
/ Major / Catastrophic, are commonly used. For example, see Figure 3.

Figure 3.

Qualitative risk/reward matrix combining likelihood of a hazard/achievement and the potential consequence.
(Source: NERAG 2015, p.73).
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The Yellingbo Investigation Area Bushfire Risk Assessment Method
It can be understood from the previous discussion, that there are many factors to consider in a
bushfire risk assessment. The method used to make the risk assessment must also be repeatable and
objective if it is to be credible. For this reason, it is not sufficient to rely on the experience or
knowledge of individual people, as nobody has sufficient experience and knowledge to cover the
tens of thousands of interacting factors that need to be considered in a long-term, large-scaled
bushfire risk assessment.

Step 1. Define the area of interest
The Yellingbo Conservation Area
The Yellingbo Investigation Area is in the Yarra Valley west of Warburton and east of the Melbourne
Metropolitan area (Fig. 4). The area has been largely cleared for agriculture and residential
development, but does include patches of remnant vegetation along the water courses, in hilly areas
and other scattered patches.
The designated area is about 51,000 ha in size, extending about 30 km from east to west and a
similar distance from north to south. Most of the area is between 100 and 200 m elevation.
However, it is adjoined by forested ranges rising to elevations of 1200 m to the north and north-east
and forested ranges 300 to 800 m elevation to the east and south-west. Most of the area to west
and north-west is less than 200 m elevation and is a mixture of residential, farming and remnant
forest patches.
Average annual rainfall in the area ranges from about 800 to 1500 mm, with good growing
conditions across the Yarra valley leading to productive crops and pastures. It is rare for the
grassland in the valley bottoms to fully cure except during periods of prolonged drought.
The Yellingbo Conservation Area refers to Public land reserves within the area which the Victorian
Environmental Assessment Council investigated during 2011 to 2013.

Step 2. Define the Values and Assets of interest within the area of interest
There are many types of Assets and Values in the Yellingbo Investigation Area. Many have been
mapped and described through the CFA’s Victorian Fire Risk Register (VFRR) process. However, to
simplify the bushfire risk assessment process only houses were used in this analysis. Houses
represent people’s homes, connection to family and friends, a lifetime investment, a refuge during
the passage of a bushfire and many other compounding values. The locations of houses are
reasonably well mapped and there is a strong body of research that has identified the vulnerability
of houses to a range of bushfire hazards. Potential house loss has therefore been used as the main
measure of bushfire risk.

Step 3. Define the Fire Weather Conditions for planning decisions
Fire weather is the combination of air temperature, relative humidity, wind speed and direction,
rainfall and seasonal dryness. Typically, these factors are combined into the McArthur Fire Danger
Index for either Forests or Grasslands (McArthur 1967). The Fire Danger Index (a number) is then
classified into Ratings (Low, Moderate, High, Very High, Severe, Extreme and Code Red). The more
severe the weather conditions, the more powerful and destructive a bushfire can be, so the choice
of fire weather conditions has a very significant impact on the possible consequences of a bushfire in
an area.
By consensus at a community meeting (Haining Farm Working Group), it was agreed that a Forest
Fire Danger Index (FFDI) of 100 would be used as a practical planning level. This criteria was
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considered appropriate for use across the larger VEAC’s Yellingbo Investigation Area. A FFDI of 100 is
the top of the Extreme fire danger rating range and the bottom end of the Code-Red rating range. A
FFDI of 100 is also the fire weather severity used in the design considerations of the Australian
Standard AS 3959-2009 (Construction of Buildings in Bushfire-prone Areas).
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Figure 4.

VEAC’s Yellingbo Investigation and Conservation Areas.
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A FFDI of 100 has an Average Recurrence Interval of about 1 in 30 years for the Yellingbo
Investigation Area (see Fig. 5). This assumes that a FFDI is maintained for a 3-hour period, not just
reaching a peak for a few minutes. This is important in bushfire risk assessment because bushfires
take hours to build to their full potential, so a 3-hour period is adequate for a bushfire to fully
develop.

Figure 5.

Average 3-hour Forest Fire Danger Index for an Average Recurrence Interval of 1 in 50 years. (Source: CSIRO)

However, a FFDI of 100 can be derived from a range of combinations of temperature, relative
humidity, wind speed and direction, and dryness. Therefore five different weather scenarios
(8/2/1986, 16/1/1987, 8/3/1991, 28/12/1994, 1/1/2008) were used in this risk analysis to capture
some of the effects of these variations in weather factors as they interact with the fuels and terrain
in the landscape.
In each scenario, the degree of grassland curing was assumed to be the worst it had been recorded
during the 11-year period between 2003 and 2014. This was a period of prolonged drought.

Step 4. Define the extent of the potential Fire Catchment for the given weather conditions
being used.
In undertaking a bushfire risk analysis, we are not only interested in fires that start within the area of
interest, but also fires that start outside the area and burn into it. To define the area from which a
fire may start and potentially impact on our area of interest (the Fire Catchment), some preliminary
bushfire simulations were undertaken. Initially, a grid of potential ignition points was created across
a very wide area, radiating in all directions from the area of interest. Bushfires were simulated from
each of the potential ignition points and the points that resulted in fires that reached the area of
interest were highlighted. This identified the approximate fire catchment area. A denser grid (1,628
points at 1.5km spacing) of potential ignition points was then generated within the fire catchment
area and used in the bushfire risk analysis (Fig. 6). (Note: The Yellingbo Investigation Area was
divided into three sub-catchments to better enable the description and reporting of bushfire risk
(DELWP 2018).)
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Note that the fire catchment is asymmetrical around the area of interest (Fig. 6) due to the strength
and direction of the winds driving the fires under the Extreme fire weather.

Figure 6.

Extent of the fire catchment area (brown dots) around the Yellingbo Investigation Area (pink line). The brown
dots are the potential ignition points used in the simulations used to assess the bushfire risk when the FFDI is
about 100. Ignition points are spaced 1.5km apart (1,628 points in total).

Step 5. Identify areas with the greatest likelihood of ignition.
Across Victoria, about a quarter of all bushfires are started by lightning and about three-quarters are
started by human activity of one sort or another. Lightning fires tend to start in more remote and
hilly areas and have historically been responsible for about three-quarters of all the area burnt in the
State, while human-caused fires are more concentred around areas of population and road access.
Figure 7 shows the historic bushfire ignition probability (1972-2016) across the fire catchment for
the Yellingbo Conservation Area. Lightning-caused fires are most likely in elevated areas. Figure 8
shows the historic human-caused bushfire ignition probability. In this figure, it is evident that
human-caused bushfires are more likely around population centres such as the Dandenongs.
The ignition likelihood can be used to mathematically weight the results of fires starting from
ignition points in areas of greater likelihood of occurrence. However, in this analysis, equal
probability was assumed for each potential ignition point in the fire catchment.
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Figure 7.

Lightning caused ignition probability across the ignition grid used for this study.

Figure 8.

Human-caused ignition probability across the ignition grid used in this study.

Page 13 of 38

Tolhurst (2018) Bushfire Risk Analysis in the Yellingbo Area

Step 6. Identify areas with the greatest likelihood of being burnt.
The likelihood of a bushfire in the western part of the area of interest is an order of magnitude less
likely than the likelihood of bushfire in the northern and eastern areas (Fig. 9). This is due in part to
the typical pattern of winds on days of Severe and Extreme fire weather, partly due to the extent of
heavily forested areas in the landscape and partly due to the pattern of the terrain.
The level of bushfire risk is a combination of how severe a fire might be at a point in the landscape as
well as the likelihood of a fire impacting that point.

Figure 9.

Fire occurrence likelihood based on the number of simulated fires impacting a given point in the landscape from
a uniform ignition grid.

Bushfire impacts for each simulated scenario can be mathematically weighted according to the
relative fire occurrence likelihood to give a better estimate of the bushfire risk. However, in this
analysis, the fire occurrence likelihood was considered to be uniform.
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Step 7. Estimate the average house loss probability in the area of interest.
Simulation of bushfires enables spatial and temporal details of bushfires to be quantified. Three
bushfire characteristics have been found to be strongly, statistically correlated with house loss –
flame height, ember density and convective strength. Flame height and its proximity to a house will
determine the radiative heat load from the fire and whether or not flames from the bushfire will
actually reach the house. Ember density is important because it has been found that more than 80
percent of houses destroyed in bushfires have been subjected to ember attack. Convective strength
is important because bushfires are able to create their own wind or enhance the prevailing winds
which can then lead to physical damage of a house such as breaking windows, lifting tiles on a roof
or removing whole roofs from house enabling easy entry of burning embers into the house. A strong
statistical correlation between house loss in the 2009 fires and these three bushfire characteristics
as simulated by PHOENIX RapidFire has been developed and used here in this analysis. The
mathematical relationship is expressed as:
Prob(HouseLoss) =1-EXP(2.03142 - 0.03239*FlameHt - 0.06737*EmbrDens - 0.000003*Convect)/(1+EXP(2.03142 0.03239*FlameHt - 0.06737*EmbrDens - 0.000003*Convect))
n=9199
where:
FlameHt = flame length (m)
EmbrDens = ember density (#/m2)
Convect = convective strength (MW)

A map showing the relative probability of house loss in the Yellingbo Investigation Area is shown in
Fig. 10. The house loss probability is calculated across the whole landscape, not just in the vicinity of
houses.

Figure 10. Average house loss probability in the area of interest should a house be impacted by fire under fire weather
severity of about FFDI 100.
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The distribution and density of housing in the Yellingbo Investigation Area is relatively scattered with
some local concentrations that could be considered to be “urban” around the main townships (Fig.
11). Generally speaking, the areas of greatest housing are the areas of least house loss potential (Fig.
10), but there are some exceptions such as in the Yarra Junction and Millgrove area in the east and
the Emerald and Cockatoo areas in the south of the area.

Figure 11. House density in the Yellingbo Conservation Area.

By running the simulations with a range of management scenarios, such as revegetation options, the
change in the house loss probability across the landscape can be quantified and areas either
advantaged or disadvantaged can be identified.

Step 8. Compare the estimated house loss probability in the area of interest under different
management options.
At a landscape level, there are a range of factors that affect the house loss probability in the area of
interest. Some factors will increase the chances of loss and others will reduce the chances of loss.
Fuel management is one factor that has been considered in this analysis. The proposed revegetation
plan will increase the bushfire hazards in some areas, and fuel management will reduce the hazards
in some areas. In this analysis, only revegetation associated with the re-establishment of the habitat
has been included. Increased hazards associated with weeds on private land were not included, nor
were the benefits of planned burning in the surrounding forests. The establishment of a woodland
around Haining Farm, to act as a wind and ember buffer, was considered.
Much of the risk to houses in bushfire comes from fuels and hazards within 100 m of the houses.
Management of these hazards needs to be done at a more local level than can be achieved using the
simulations in PHOENIX RapidFire.
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Step 9. Propose management strategies to minimise the level of bushfire risk in the area of
interest.
A number of habitat re-establishment options were considered and included in the simulations
(DELWP 2018). The results were summarized for three distinct bushfire sub-catchments. The average
house loss from bushfire under a Forest Fire Danger Index of 100 in the middle sub-catchment of the
Yellingbo Investigation Area was about 3% regardless of the management option chosen. The
average potential house loss for the southern sub-catchment was about 8% and for the eastern subcatchment it was about 15%, regardless of the revegetation option. There was no measurable nett
change in the bushfire risk with any of the revegetation options considered. However, close
examination of the simulation results show that there was a spatial shift in the bushfire risk within
the area with some areas enjoying a reduced bushfire risk with the revegetation options and other
areas being subjected to greater bushfire risk. So whilst there was no overall change in bushfire risk,
there are some local changes.
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Landscape versus Local Bushfire Hazards
Landscape Level Bushfire Hazards
The bushfire simulations performed using PHOENIX RapidFire are able to capture landscape-scale
fire hazards which are responsible for some of the most catastrophic fire impacts such as occurred
on Black Saturday 2009 and Ash Wednesday 1983.
Embers are involved in over 80% of all house losses in bushfires. The production and distribution of
embers involves the combination of an ember source (forest tree bark), a transport mechanism
(wind and convective updraughts) and susceptible fuels downwind of the fire. PHOENIX RapidFire
has been specifically designed to capture the dynamics driving ember production and transport and
so is a useful tool for identifying areas subjected to significant ember hazards.
Some areas in the landscape are also subject to “mass ignition” events that can lead to firestorm
development. These “drop zones” may be in areas that would normally be considered relatively
bushfire safe, but if they are in a “drop zone” they may in fact be one of the most dangerous areas.
On Black Saturday, Narbethong, Strathewen, Kinglake and Marysville were all in “drop zone” areas
and this resulted in significant loss of human lives and houses. Bushfire simulation can identify these
areas in a way that normal fire predictions cannot.
Convective winds play an important role in not only transporting embers, but also in enhancing or
creating local winds strong enough to cause structural damage to trees and houses and hence
increasing their vulnerability to bushfire hazards such as embers. On Black Saturday, over 200
locations were found where the fire-induced winds were strong enough to uproot or snap-off trees.
There was also evidence of house damage from winds induced by the bushfire. These fire-induced
winds can only be quantified in a landscape-scale simulation such as PHOENIX RapidFire.
The ruggedness of the terrain can also contribute to the energy of a bushfire, and hence its potential
to do damage. In the right configuration and at the right scale, the repeated surges of fire up steep
hills combined with spotting on the lee-sides can dramatically increase the energy and rate of spread
of a large bushfire. The wind and sun can enhance the terrain effects in a way that gives a combined
energy greater than the component parts. Again, the complex interactions that cause these effects
can only be determined effectively and objectively through dynamic simulation of bushfires at a
landscape level.
All of these landscape level characteristics of bushfire have been captured in the bushfire
simulations used in this bushfire risk analysis. Such dynamic interactions cannot be objectively
captured any other way.

Local Level Bushfire Hazards
The level of detail used for the landscape scale simulation of bushfires is too coarse to capture
important local factors as well. On the ground, a bushfire can have a very different effect in one
location than in another location 100 m away. Local factors such as stone walls, fuel free areas, low
flammable vegetation, proximity to other flammable structures, overhanging trees, house design,
house and garden maintenance, the level of bushfire defence during the passage of a fire, etc. will all
have important impacts on the likelihood of house loss. So whilst some of the landscape scale
factors may make house survival impossible in some instances, there are many other instances
where houses can survive. The landscape scale analysis only gives an “average” view of house
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survival likelihood, but local factors can significantly increase or decrease this “average” chance of
survival.
Over a distance of just 30 m, a house might go from being in the flame zone of a bushfire to being
only exposed to embers (Fig. 12). Radiant heat can be blocked by a solid barrier such as a stone wall,
a steel fence or even green vegetation. Radiant heat intensity also reduces very quickly with distance
from the source (inversely to the square of this distance). Likewise, separation from immersion in
the flame is also achieved in a relatively short distance. Separation from radiant heat and flames can
be achieve through house siting, the building of physical barriers or the careful management of
vegetation and fuels.

Figure 12. Changes in the level of exposure to flames and heat with the distance from a forest. (Source: CFA 2012).

The bushfire attack mechanisms on houses have been extensively studied. Figure 13 shows some of
the main mechanisms. You should note that some factors can only be assessed locally while others
must be assessed at a landscape scale.
One important bushfire hazard not commonly considered is the proximity of neighbouring houses.
Houses are potentially flammable structures. A burning house emits much more energy and for a
greater amount of time that does a bushfire. Where houses are closer to each other than 12 m,
there is a strong chance that house-to-house ignition will occur. In this case, the “bushfire”
transitions into a “township fire”. Many of the houses lost in the Canberra Fires in 2003, the Black
Saturday Fires in 2009 and the Wye River Fire of 2015 are examples of township fires started by
bushfires. Landscape-scale bushfire risk modelling does not explicitly incorporate township fires.
The importance of local neighbourhood conditions to bushfire risk is acknowledged in official fire
planning and preparation documents. The Australian Standard for the Construction of Buildings in
Bushfire-prone Areas mainly concerns itself with an area within 100 m of a house. Likewise, planning
regulations and guides in Victoria (DELWP 2017) also concentrate on factors within about 100 m of a
house, so a lot of the bushfire risk resides within 100 m of a house.
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Figure 13. Bushfire attack mechanisms on houses. (Source: DELWP 2017)

Some Specific Considerations of the Yellingbo Conservation Area
In a landscape context, it would be possible for a major fire to impact on the Yellingbo Investigation
Area, particularly in the eastern end and the south-western corner. A major fire burning to the top of
Mt Toolebewong, Mt Donna Buang or the Dandenong Ranges could all result in a mass ignition event
(into a “drop zone”) that could lead to firestorm conditions. Millgrove and Emerald would be prime
candidates to experience fire conditions like this. However, such a severe, large fire would only be
likely after a prolonged drought of several years as these areas are normally quite moist and not very
flammable.
Under less severe seasonal and weather conditions, a fire in these same ranges could result in
multiple ignitions in the valleys which could ignite dry, flammable fuels close to houses. In this case,
it would not be the fire in the ranges that was the direct hazard, but the spotfires in the valleys
started by the surrounding fires. In this case, the fuels within 100 m of a house would be of critical
importance to the level of bushfire risk experienced by a house. Some areas around Don Valley,
Gladysdale and Yarra Junction could be exposed to these types of fire hazards.
For the vast majority of people living in the Yellingbo Investigation Area, the greatest bushfire hazard
will be generated by their own neighbourhood within 100 m of their home. The potential hazard
presented by a nearby neighbour’s house, nearby sheds, wooden fences or other flammable
structures pose a very significant hazard if they burn. Fuels around houses, particularly within 30 m
of the house, are important in determining the extent of defendable space around a house. The level
of maintenance and design of a house will have a significant impact on the ease with which embers,
heat and flame can impact on a house and this in turn will determine the level of difficulty in
defending a house during a fire event.
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Most houses in the Yellingbo Investigation Area were assessed to have an average house loss
potential of Moderate or High. These bushfire risk ratings can be significantly lowered through local
preparations and modifications to houses that can be undertaken by the owners. In most areas,
houses should be able to be maintained at a Low or Moderate bushfire risk rating.

Conclusions
The Yellingbo Investigation Area is in one of the more dangerous bushfire areas settled in the State.
The combination of recurrent severe fire weather, the extensive area of surrounding forests, the
ruggedness of the terrain and the regular occurrence of bushfire ignitions make it a dangerous
bushfire area, but the relatively high rainfall of the area also means that in most normal years, much
of the valley floors are too green to burn. Therefore, large bushfires are only likely during prolonged
periods of drought, but can then be very destructive.
At a landscape level, only the fuels in the forest can be managed to reduce the overall level of
bushfire risk. However, work could also be done to reduce the chance of human-caused bushfire
ignitions on Severe and Extreme fire weather days. Early fire detection and control is likely to
continue and this too will reduce the chances of landscape-scaled bushfires.
At a local level, a lot of responsibility falls to individual house holders. Government agencies can
contribute by maintaining a good road network and good emergency response and support
structures, but a lot of the potential local fire hazards will be the responsibility of local residents.
Good land-use planning will continue to be important so that buildings and critical infrastructure are
not put in places that are significantly threatened by bushfires. Good communications will be
important for protecting human lives and in making sure everyone can contribute to the collective
safety of the community.
The impact of the revegetation program proposed for habitat has an insignificant impact at the
landscape level. Any local impacts will need to be dealt with at the local level.
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Foreword
In March 2014, the Victorian Government committed to the establishment of the Yellingbo
Conservation Area (Conservation Area) in accordance with the Victorian Government Response to
the Victorian Environmental Assessment Council (VEAC)’s Yellingbo Investigation Final Report (March
2014).
The landscape surrounding and containing the Conservation Area has an existing high level of
bushfire risk, and local communities have raised concerns that bushfire risk has the potential to
increase as a result of revegetating areas of public land as part of implementing the Conservation
Area. In response to these concerns, the Minister for Energy, Environment, and Climate Change
committed to prioritising the development of a bushfire risk management plan.
To better understand potential changes in bushfire risk to communities within the investigation
area, DELWP undertook a landscape scale risk assessment using PHOENIX RapidFire in consultation
with bushfire scientist Dr Kevin Tolhurst AM (The University of Melbourne/Tolhurst Bushfire
Services).
This document reports on the risk assessment, which has been used to develop the Yellingbo
Conservation Area Bushfire Risk Management Plan, 2018. Presented is an independent analysis of
the results by Dr Tolhurst which is supplemented by the report DELWP’s Yellingbo Conservation Area
Bushfire Risk Assessment.
The Yellingbo Conservation Area Bushfire Risk Management Plan 2018 is available for download on
engage.vic.gov.au/yellingboconservationarea

Yellingbo Conservation Area Bushfire Risk Assessment
1 Bushfire risk management objectives
The bushfire risk management objectives identified to be addressed by the Yellingbo Conservation
Area (YCA) Bushfire Risk Management Plan 2018 are as follows:

• Ensure there is no material increase in bushfire risk as a result of revegetating public land to

implement the Victorian Government response to the Victorian Environmental Assessment
Council’s Yellingbo Investigation Final Report 2014 and;
• Maintain or improve the resilience of natural ecosystems and their ability to deliver ecosystem

services such as biodiversity, water, carbon storage and forest products.

To better understand potential changes in bushfire risk to communities within the investigation
area, DELWP undertook a landscape scale risk assessment using PHOENIX RapidFire in consultation
with bushfire scientist Dr Kevin Tolhurst AM (The University of Melbourne/Tolhurst Bushfire
Services).
The results of this assessment, with an independent report by Dr Tolhurst, have been used to
develop actions forming the YCA Bushfire Risk Management Plan 2018.
See the YCA Bushfire Risk Management Plan 2018 atengage.vic.gov.au/yellingboconservationarea

2 Determining the ‘bushfire catchments’ for the Yellingbo Conservation Area
The first step in assessing the bushfire risk to an area is to define the boundary of the area to be
studied. Ideally, the area being studied would fit within a pre-determined bushfire catchment.
Bushfire catchments are areas in which bushfires are likely to start, spread and cause damage to
communities, or other values, within one day. The East Central Strategic Bushfire Management Plan
determines that there are 12 different bushfire catchments within the East Central Landscape.
The Yellingbo investigation area does not fit neatly into any of the bushfire catchments identified in
the East Central Strategic Bushfire Management Plan, but rather overlaps a few. This means that the
area experiences different bushfire behaviour patterns depending on the point of ignition, weather
conditions, fuels and topography.
This bushfire risk assessment used the VEAC investigation area to analyse potential changes in
bushfire risk caused by management actions. This means that the bushfire risk assessment measured
potential impacts only within the investigation area. However, it included ignition sources from both
within and outside of the area. The VEAC investigation area logically divides into three separate
bushfire sub-catchments, based on where a fire might start and spread within a day. They have been
labelled the south, middle and east bushfire sub-catchments (Figure 1).
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Results from the modelled scenarios have been averaged across each sub-catchment, rather than
the whole investigation area. This gives us a better insight into the bushfire characteristics of each
area.
Sub-catchments are divided along locality boundaries so as not to split large settlements.

Middle

East

South

Figure 1. Designated bushfire sub-catchments within the Yellingbo investigation area

The South bushfire sub-catchment is influenced by the Dandenong Ranges. It has large areas of
bush and changes in terrain that can impact bushfire behaviour.
The Middle bushfire sub-catchment is influenced by large areas of private land and agriculture. It
has small areas of bush and changes in terrain that can impact on bushfire behaviour, including
Warramate Hills Nature Conservation Reserve.
The East bushfire sub-catchment is influenced by large areas of private bushland and some
agriculture and lifestyle properties. It has some areas of bush and changes in terrain that can impact
on bushfire behaviour, including the hills around Gladysdale and more significantly, Mount
Toolebewong.
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3 Modelling parameters
DELWP used the same modelling and revegetation methods as those used with the Haining Farm
analysis, in order to analyse the risk posed by fuel hazard across the entire Yellingbo investigation
area.
A report on the Haining Farm analysis can be seen at engage.vic.gov.au/yellingboconservationarea
Weather
Historically, bushfires burning under conditions where the FFDI has been greater than 100 have
caused the greatest losses of human life in Victoria. The Australian Standard for construction of
buildings in bushfire prone areas (AS 3959-2009) refers to FFDI 100 as a critical threshold for house
loss. It also has an average return interval of approximately 30 years in the study area and was
chosen by the Haining Farm Working Group to be the desired weather conditions for earlier bushfire
modelling. Five different FFDI 100 scenarios, with variations in weather patterns, were used for
bushfire simulations and the results were averaged.
The five different variations of FFDI 100 were selected based on relevant weather patterns and to
reflect different weather drivers behind fire behaviour (temperature, wind speed etc). This enabled
the analysis to include a realistic range of potential variations in bushfire behaviour.
To estimate vegetation curing during summer conditions in the investigation area, the Country Fire
Authority’s composite maximum curing data from one of the driest 11-year period on record (20032014) was used. The curing conditions used were taken to be a “worst-case” scenario.
Simulated ignitions
Landscape-scale risk analysis models examine the results from multiple simulated fires. This process
attempts to account for potential ignitions across the landscape, rather than assuming where an
ignition will occur. For the investigation area, fires were simulated on a grid across the landscape
with each grid point representing a single ignition (Figure 10). The extent of the ignition grid was
determined by a pre-analysis of fire spread in the region with a FFDI of 100. The fires were simulated
individually and do not interact. The results from all simulated fires were averaged in grid cells
across the investigation area.
The scenarios described above resulted in 1628 simulated fires for each of the five weather
conditions (all FFDI 100), which is 8140 bushfires simulated per revegetation scenario.

Figure 10: Ignition grid for the investigation area.
An ignition was simulated on a 1.5km grid,
resulting in 1628 ignitions. Each revegetation
scenario modelled, the ignition grid was simulated
for each of the 5 weather conditions, resulting in
8140 bushfires per revegetation scenario.
Red border is the VEAC Yellingbo investigation
area and pink lines are streamside reserves in the
Yellingbo Conservation Area.
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Fuel modification
In all simulations, no previous fuel management, including planned burning or bushfires, was
assumed. This is a theoretical scenario used to establish what the maximum bushfire risk might be,
using estimated maximum fuel loads across the landscape. Doing so enabled us to benchmark
current and historical risk levels against a meaningful maximum limit. We can also analyse
geographic influence and fuel modification risk without bias from recent fire events. All results in
this case study were given with the assumption that no fuel modification in the broader landscape
had occurred. This is not the case in reality, however, it is a useful method to examine the potential
effects of revegetation within the investigation area without the influence of other risk mitigation
activities.
Current Vegetation
Current vegetation was determined by using vegetation reports commissioned by Melbourne Water
and conducted by independent contractors as well as examining aerial imagery and 2005 EVC
mapping. For best accuracy, extensive field work and mapping needs to be done to determine
exactly what is on the ground.
Re-vegetation options
Re-vegetation was estimated and the scenarios used may not reflect actual revegetation outcomes.
It was determined by building on ‘current vegetation’ mapping and extending it to public land
boundaries referring PHOENIX fuel layer mapping and mapped 2005 EVCs. For the purpose of this
assessment, a theoretical maximum amount of revegetation was used. For better results, supplying
detailed re-vegetation plans would be more accurate than estimating what might be planted.
Woodland buffer
The woodland buffer was the same as that used in the Haining Farm analysis (gum woodland with
moderate bark hazard, herbaceous understorey). Areas were ‘revegetated’ in large bends of the
river with and then without the woodland buffer.
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Fuel types
PHOENIX uses a data input called “Fuel Types” to interpret vegetation in the landscape from a fire
behaviour perspective. These Fuel Types are based on a grouping of Ecological Vegetation Classes
(EVCs) on common characteristics including having a similar maximum Surface Fine Fuel Hazard
level, a similar maximum Elevated Fine Fuel level, and a similar Bark Fine Fuel Hazard level. These
fuel types will have similar growth patterns and primary productivity and so have similar
accumulation rate patterns.
House loss probability
House loss probability is calculated using an algorithm developed by The University of Melbourne’s
bushfire scientists using data from the 2009 Victorian bushfires (Tolhurst & Chong 20112; Tolhurst et
al. 20173). Data from historical fires has been collected to understand the processes that relate to
house destruction during fires. This data has been used to model relationships between ember
density, flame intensity and magnitude of convection observed in bushfire behaviour that resulted in
loss of houses. Research will continue to further improve understanding of these relationships and
therefore the house loss function that is built into PHOENIX. The house loss probability function
examines the fire behaviour simulated in a location and calculates if the house might survive or be
destroyed. It cannot take into account local factors such as active defending of a house, the level of
house and garden maintenance or if that house has been built with a Bushfire Attack Level (BAL)
rating.

4 Identifying the current level of bushfire risk
PHOENIX modelling was undertaken using the existing vegetation under FFDI 100 to determine how
fire might behave in the landscape and what impact this may have on different areas. The results are
presented using the three bushfire catchments described above. Results are assuming an ignition
and are the average probability of house loss whether there is an actual house in that location or
not.
In the South bushfire sub-catchment, the main area for potential house loss is around the OlindaMonbulk area. There is a low chance of house loss in the northern and eastern areas of this subcatchment, due to farming and agricultural activities leaving reduced fuel hazards.
In the Middle bushfire sub-catchment, the main area for potential house loss is around the
Warramate area. There is a low chance of house loss in this sub-catchment at a landscape scale due
to farming and agricultural activities leaving reduced fuel hazards.
In the East bushfire sub-catchment, the main areas for potential house loss are the Gladysdale and
Beenak areas. There is a higher chance of house loss this sub-catchment as large areas of bush have
higher fuel hazard, changes in terrain and fire spread potential.

2

Tolhurst, K.G. and Chong, D.M. (2011) Assessing potential house losses using PHOENIX RapidFire. In:
R.P.Thornton (ed.) 2011, Proc. Of Bushfire CRC and AFAC 2011 Conference Science Day, 1 September 2011,
Sydney, Australia. 13pp..
3
Tolhurst, K, Chong, D., and Duff, T. (2017). PHOENIX RapidFire – Incorporating severe fire behaviour into
land-use planning. Technical Report, School of Forest and Ecosystem Sciences, University of Melbourne.
104pp.
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Current risk in sub-catchments
• The investigation area can be divided into three smaller bushfire sub-catchments. These sub-

catchments provide a way to analyse the potential impacts of bushfire in similar environments.
• The current probability of house loss on average within the South sub-catchment is 8%
• The current probability of house loss on average within the Middle sub-catchment is 3%
• The current probability of house loss on average within the East sub-catchment is 16%

What do the percentage values mean?
• This is the measure of the average probability of house loss (0 - 100%) anywhere in the bushfire

sub-catchment from a potential bushfire under FFDI 100 conditions.
• The model does not account for actual houses that exist in this study area, as that can change in

the future. Instead it presents results as a probability of house loss if a house were in any
location.
• It is important to remember that this probability has been derived under a set of assumptions

(Section 8. Assumptions). One such assumption is that no planned burning or fuel treatments
have been considered, so that the results are not influenced by changes in planned burning
practices. In reality, planned burning and fuel management does occur in areas that reduce
bushfire risk to the Yellingbo investigation area.

5 Modelling potential house loss following revegetation
The risk modelling looked at several different revegetation possibilities, as per Table 2 below. The
first scenario examined what the bushfire risk might be if all public land in the streamside reserves of
the YCA were revegetated to the full extent of the public land. This would be the largest amount of
revegetation possible. This scenario did account for Minister for Energy, Environment and Climate
Change’s resolution (January 2017) for there to be an area in the north east of the investigation area
(See Map 1 in the YCA Bushfire Risk Management Plan) where stream sides would only be
revegetated to a maximum of 10 metres from the bank, on either side of a waterway.
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Another option was the possibility of only revegetating large clumps of habitat on river bends. This
scenario was not examined for biodiversity purposes by ecologists, but was included as an
experiment to examine impacts on fire behaviour. The bends in the river were ‘revegetated’ without
and then with a 40m of woodland, as described above.
Finally, the Yellingbo investigation area is within close proximity to significant bushfire suppression
resources. This includes CFA brigades, DELWP work centres and aircraft bases. PHOENIX is limited in
how it can measure risk when it comes to response and suppression. However, it can measure the
benefits of first attack, such as calculating the effectiveness of the immediate response of a certain
number of vehicles and aircraft. For the final scenario modelled, ‘first attack’ parameters in PHOENIX
were increased to include two helicopters.
Table 2. Revegetation scenarios modelled using PHOENIX RapidFire

Revegetation Scenario

Weather

Assets

Ignition Grid

Suppression

1. “Current Vegetation” – The current
vegetation extent on public land.

FFDI100

Cadastre
address
points

1.5km ignition
grid which
equates to

First attack to
minimise
escalation of
small fires in
the model

2. “Maximum Revegetation” - All Public
land alongside all streamside reserves
revegetated to designated EVCs.
North east area stated to only have 10m
revegetated.
(Haining Farm revegetated according to
open woodland scenario)

5 weather streams
to account for
variation in possible
conditions.

1628 ignition
points with 5
weather streams
= 8140 fires per
scenario

Slip-on x5
Tanker x5
Bulldozer x2

3. “River Bends” - Clumps of habitat
represented in river bends:
3a - without 40m woodland buffer
3b - with 40m woodland buffer
The 40m Woodland buffer extends
beyond the public land boundary.
(Haining Farm as above)
4. “Maximum + increased suppression” –
same as scenario 2 except with increased
suppression within PHOENIX RapidFire
modelling.

Increased first
attack
suppression to
include two
medium
helicopters.

6 Results
PHOENIX modelling examined the probability of house loss on average across the investigation area,
given the increase in vegetation. The results below discuss the outcomes of the five scenarios for
each of the bushfire sub-catchments.
Table 3. shows there was no substantial change in the average probability of house loss with
different revegetation scenarios. This is largely due to the very small amount of revegetation that
would actually need to occur.
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Table 3. The average house loss probability in the YCA. These results assume an ignition happens and is the average
probability of house loss whether there is an actual house in that location or not. Hectares represent the amount of
native vegetation within Public land in the YCA (excluding grassland).

Current
Vegetation

Maximum
Revegetation

2514 ha

+154 ha

Maximum +
Increased
Suppression

River Bends A

River Bends B

+77 ha

+171 ha

+154 ha
South subcatchment

8.4%

8.4%

8.2%

8.4%

8.4%

Middle subcatchment

3.2%

3.3%

3.1%

3.3%

3.3%

East subcatchment

15.6%

15.6%

15.9%

15.8%

15.5%

1. Current vegetation includes Haining Farm scenario. Land area figures listed for the other scenarios are in addition to the
current vegetation. These figures are an estimate based on current mapping data, which assume all vegetation is currently
mapped accurately and is in healthy condition not requiring any further revegetation. Revegetation plans are yet to be
determined and the actual land area revegetated may vary from this figure.
2. The results of each of the modelled scenarios do not vary more than 1%. This indicates that the modelled revegetation
scenarios do not have a substantial impact on bushfire risk in the investigation area. The PHOENIX outputs from ‘Current
vegetation’ and ‘Maximum + Increased Suppression’ scenarios are shown in maps below.

Each sub-catchment has a different average probability of house loss. These results indicate that
there is indeed enough of a difference between the three sub-catchments to warrant analysing them
separately. If we looked at the entire investigation area, the effect on fire behaviour from the
difference in vegetation, topography and land use would have been less prevalent when averaging
the results.
The Middle sub-catchment has the lowest probability of house loss on average. This reflects the land
use and topography in the area. Patches of vegetation are discontinuous and are surrounded by
agricultural properties or cleared land, reducing the ability for a bushfire to build in intensity. The
terrain, while undulating, does not have large, steep changes in topography that would enable a
bushfire to build in intensity and act as a ramp for embers.
The South sub-catchment has a higher average probability of house loss than the Middle, however it
is not as high as the East. This is due to the elevated risk in areas around the Dandenong Ranges,
which is moderated by the much lower risk in the remainder of the sub-catchment. The Dandenong
Ranges is a naturally high bushfire risk area due to dense vegetation and topography. The impacts of
revegetation in that area are negligible as most of the public land is already vegetated.
The East sub-catchment has the highest average probability of house loss within the investigation
area. This is directly due to the large areas of connected vegetation and steep terrain. It is important
to note that most houses are not within these areas of elevated house loss risk and there was very
little change in risk after the simulated revegetation of stream side reserves.

A-32 | P a g e

South bushfire sub-catchment
Figure 11. Under
current vegetation
conditions, the average
house loss probability
in the South bushfire
sub-catchment.
Black dots show actual
house locations as of
2011 data. Green areas
show vegetation cover.

Probability of house
loss (0-20% not shown
for mapping clarity)

Figure 12. Under
“Maximum + Increased
Suppression”
conditions, the average
house loss probability
in the South bushfire
sub-catchment. Black
dots show actual house
locations as of 2011
data. Green areas show
vegetation cover.

Probability of house
loss (0-20% not shown
for mapping clarity)
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Middle Bushfire sub-catchment
Figure 13. Under Current vegetation
conditions, the average house loss
probability in the Middle bushfire
sub-catchment. Black dots show
actual house locations as of 2011
data. Green areas show vegetation
cover.

Probability of house loss (0-20% not
shown for mapping clarity)

Figure 14. Under “Maximum +
Increased Suppression” conditions,
the average house loss probability in
the Middle bushfire sub-catchment.
Black dots show actual house
locations as of 2011 data. Green
areas show vegetation cover.

Probability of house loss (0-20% not
shown for mapping clarity)
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East bushfire sub-catchment
Figure 15. Under Current vegetation
conditions, the average house loss probability
in the East bushfire sub-catchment. Black dots
show actual house locations as of 2011 data.
Green areas show vegetation cover.

Probability of house loss (0-20% not shown for
mapping clarity)

Figure 16. Under “Maximum + Increased
Suppression” vegetation conditions, the
average house loss probability in the East
bushfire sub-catchment. Black dots show
actual house locations as of 2011 data. Green
areas show vegetation cover.

Probability of house loss (0-20% not shown for
mapping clarity)
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7 Understanding changes in risk, based on revegetation scenarios – risk at the
urban interface
Results from the PHOENIX RapidFire analysis indicates there is no material bushfire risk increase at a
landscape scale. The chance of a specific house surviving a bushfire depends on many factors. How
the fire arrives and the terrain, vegetation and weather conditions of the time of arrival was
modelled using PHOENIX RapidFire. However, other factors around urban design also influence
house survival and cannot be modelled using PHOENIX. Building design, as well as human behaviour
before, during and after bushfire impact can play a significant role in reducing the probability of
individual house loss.
Research from historical bushfires has established the causes of loss from bushfires is usually
embers, radiant heat and flame contact. Embers play a crucial role in house loss.
Ember attacks result in the greatest number of house loss. Embers can enter a house at openings
such as doors, windows, gutters and air vents. The positioning of garden beds against homes can
also increase likelihood of damage if embers ignite the vegetation and flames create enough radiant
heat to impact on the structure.
Fences and decking are also a source of radiant heat and can spread bushfires from house to house.
Other sources of ignition include wood piles, gas and chemical containers and other items in the
yard, including gardens and cars.
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8 Assumptions
Address Points

Forest Fire Danger
Index 100

Likelihood

Maximum fuel load

PHOENIX RapidFire

Address points have been used as a proxy for dwellings. These are based
on Victorian Government data from 2011 and do not reflect additional
subdivisions and construction since that time. This data is currently being
updated but was not ready at the time of production of this document.
A FFDI of 100 can be achieved from a range of combinations of wind speed,
temperatures, relative humidity’s and drought factors. In this analysis, 5
historic sets of weather records were used for the simulations. The balance
between fuel dryness and wind speed affects the nature of the fire
behaviour so an average of 5 different historical events was used. Research
has shown that 70% of all bushfire-related house and human life losses
have occurred at FFDI level of 100 or more.
The likelihood of all ignitions in this study is considered to be equal, whereas
in reality the likelihood of fires occurring in any given location varies.
To measure true ‘likelihood’ of a fire occurring, we need to predict:
- The probability of a weather scenario
- The probability of ignition in the weather scenario
- The probability of impact
PHOENIX RapidFire simulations assist with predicting the probability of
impact. However, current science limits us to determining a weather
scenario and assuming ignition. DELWP is currently researching how best
to incorporate these other two probability types.
Maximum fuel load refers to amount of fuel that would be in the
environment should no disturbance (logging or fire) ever take place or over
a very long period of being undisturbed. The Maximum Fuel Load is a
modelled value that varies by vegetation type throughout the
environment. This is used to provide a theoretical maximum risk scenario
using estimated fuel load across the landscape. This enables us to
benchmark current and historical risk levels against a meaningful upper
limit, and to analyse geographic risk without bias from recent fire events.
The key model underpinning this report is PHOENIX RapidFire (PHOENIX).
PHOENIX is a research tool developed by the University of Melbourne
(Kevin Tolhurst and Derek Chong). It has been used by DELWP and other
fire agencies for both incident prediction (State Control Centre PHOENIX
RapidFire system) and as the key tool for bushfire risk assessment in a new
strategic approach to fire management planning. All modelling has
limitations (as set out below); however, PHOENIX is a useful tool in
analysing landscape scale bushfire risk.
Use of PHOENIX is coordinated through an agreement between DELWP, the
University of Melbourne, and the Bushfire and Natural Hazards Cooperative
Research Centre. DELWP acknowledges that a model designed for research
is being applied operationally. PHOENIX is generally acknowledged by many
stakeholders in the field, including DELWP, as a state-of-the-art, worldleading planning tool, critical for helping us understand how to reduce risk
to life and property from major bushfires. This was confirmed by the
Bushfire Management Reform Program Expert Reference Group who stated
that ‘DEPI’s risk modelling (based on PHOENIX) has a sound conceptual and
technical basis and the use of this modelling is an innovative way to optimise
investment to mitigate bushfire risk.’
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Suppression

Vegetation
mapping

PHOENIX simulation outputs may not reflect actual fire spread. There are
several input layers and sub models within PHOENIX, each of which needs
to be validated. The model is sensitive to minor differences in inputs. Small
shifts in the weather, fuel accumulation functions, or time of ignition, can
cause large differences in results. PHOENIX Version 5.0 was used for the
creation of this report.
PHOENIX is limited in how it can measure risk when it comes to response
and suppression. It can measure the benefits of first attack, such as
calculating the effectiveness of the immediate response of a certain
number of vehicles and aircraft. However, it cannot measure variables that
may hinder first attack, such as the condition of roads or the location of
water points relative to the location of the fire. It also cannot account for
decisions made during suppression efforts. ‘First attack’ suppression
modelling was included to minimise emphasis of small fires.
Current vegetation mapping for PHOENIX was checked with aerial imagery
and DELWP’s Ecological Vegetation Class (EVC) mapping.
Re-vegetation was determined by using the checked ‘current vegetation’
mapping and modifying the PHOENIX fuel layer to suit concept designs as
per existing EVCs and suitable Fuel Types.
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