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Disclaimer:

FireSight landscape risk analysis provides information and data to support fire agencies, built and natural
asset owners and managers, to make informed decisions to mitigate the risks of bushfires.

Use of FireSight bushfire products and their results and analysis is subject to you and your business or
organisation (You) accepting the terms and conditions of use, including the following, namely that You
acknowledge and agree that:

e Information and data included in FireSight simulation-based bushfire risk analysis has been sourced
from independent third parties, including but not limited to:

e Australian Federal agencies, including:

e the Bureau of Meteorology, including daily and seasonal forecast data; and
e Geoscience Australia, including digital elevations.

e Australian State agencies, including:

o Queensland Department of Environment and Science (DES), including data that defines
vegetation types, extent of vegetation and land use.

o Fire and Emergency Services agencies, which may provide fire spread simulator input data.
o Commercial data providers, including but not limited to:

o Ozius and World Climate Services, which provide inputs that characterise aspects of the
landscape, fuel state, fuel conditions and seasonal weather forecast data.

o Academic institutions including the Australian National University (ANU) for live fuel
moisture data.

FireSight makes no representation, express or implied, about the accuracy, completeness nor suitability of
any data and information made available through FireSight simulation-based bushfire risk analysis.

The fire behaviour estimates generated in FireSight simulation-based bushfire risk analysis are derived using
the Phoenix fire spread simulator (version 4.3.3), which are based upon inputs including:

e information and data sourced from the third parties referred to in clause 1.

e fire behaviour formulas for static grid calculations, based upon A Guide to Fire Rate of Spread
Models for Australian Vegetation, published by the Australasian Fire and Emergency Services
Authority Council (AFAC) and the Commonwealth Scientific and Industrial Research Organisation
(CSIRO) (the Guide) (Cruz M. G., 2015).

e mathematical refinements to the fire behaviour formulas referred to in the dot point immediately
above, to incorporate effects not captured in the Guide, including wind and slope alignment, fuel re-
accumulation as a function of mapped time since any last fire and similar effects.

e variables and parameters identified by You for the purpose of generating randomly sampled inputs
to derive probabilistic simulations, over which FireSight does not have any control.

and FireSight makes no representation, express or implied, about the accuracy, completeness nor suitability
of the inputs and fire behaviour estimates that are generated.

The fire behaviour estimates generated by FireSight simulation-based bushfire risk analysis are relevant only
to the extent the inputs for each reflect the actual conditions, and the actual conditions may not be
reflected in the forecast data used as inputs. Fire, including bushfire, is a dangerous element of nature and
its actual behaviour cannot be predicted with certainty. FireSight landscape risk analysis is a Software as a
Service technology tool and resource that can assist in decision making regarding fire behaviour, fire
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management and fire mitigation strategies. However, it cannot be absolute in the information and data it
provides, given fire behaviour can change rapidly through the influence of:

e time critical and unforecasted factors; and

o effects that are not able to be thoroughly incorporated in the fire behaviour formulas and
simulators, including:

e forecast weather and mapped landscape attributes deviating from reality.
e precise feedback of fire atmosphere interactions such as pyroconvection.
e the impact of suppression and firefighting on actual fire behaviour.

e independent acts or omissions of third parties.

To the extent permitted by law, FireSight makes landscape risk analysis available for use by You without any
warranty nor guarantee, including any warranty regarding FireSight simulation-based bushfire risk analysis’
fitness for purpose, merchantability, title, and non-infringement of third-party rights.

To the extent permitted by law, FireSight excludes all liability, including for:
e direct, indirect and incidental loss or damage.
e consequential loss, including economic loss.

e punitive damages, arising from and/or in connection with the use of FireSight simulation-based
bushfire risk analysis, including in respect of any liability of You to any third party for any decision
made, or purportedly made, in reliance upon information and data provided through FireSight
simulation-based bushfire risk analysis.

To the extent FireSight may be unable to rely upon the exclusion of liability in clause 6, FireSight simulation-
based bushfire risk analysis limits its liability to the value of the fees paid by You for FireSight simulation-
based bushfire risk analysis up to the date upon which FireSight landscape risk analysis was used in
connection with any alleged loss or damage that occurred.

In relation to any current in progress fires:

e You must not release to any third party, including the general public, any fire behaviour estimates

nor prediction You generate using FireSight landscape risk analysis regarding any current in progress
fire.

e if You wish to use any fire behaviour estimate or prediction you generate using FireSight simulation-
based bushfire risk analysis for the purpose of You (to avoid any doubt, or Your organisation)
making any operational decision relating to any current in progress fires:

o You must first share the fire behaviour estimate or prediction with the State Fire Agency
responsible for managing that fire, as soon as practicable after it is generated and before
You take any action in reliance upon the fire behaviour estimate or prediction; and

o You acknowledge and agree the use of the fire behaviour estimate or prediction regarding
the current in progress fire is subject to any direction given to You by the State Fire Agency
responsible for managing that fire.

Subject to the prohibition outlined above, before You provide any information or data generated by
FireSight simulation-based bushfire risk analysis to any third party, You will provide to that third party
notification that the use of the information and data is conditional upon the third party acknowledging and
accepting the terms of use by them as set out above, as if a reference to “You” was a reference to the third
party.
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1. Executive summary

Three of the key goals of the Mount Nebo Residents Association (MNRA) are around encouraging good citizenship,
co-operating with organisations with similar goals, and cooperating with all levels of government, including
submitting constructive proposals regarding these goals. With these goals front of mind, FireSight was engaged to
undertake bushfire risk modelling.

Mount Nebo is exposed to bushfire hazard. This project goes beyond hazard assessment by including likelihood and
consequences of fire impact to specific neighborhoods. Understanding the difference between hazard and risk, as
well as the approach adopted by FireSight, requires a certain level of fire literacy. This project has contributed to the
development of this ability within the MNRA. This capability will contribute to community resilience. Leaving early in
a bushfire is one valid option. However, a fire literate community that is well prepared, can respond to more
nuanced information and will have more than one option available. A well-developed preparedness plan with a
range of options builds resilience.

The most effective way to mitigate the bushfire risk is through a cooperative approach that is clearly communicated.
The results facilitate communication within the Mount Nebo community, and with external stakeholders like, The
City of Moreton Bay, Queensland Parks and Wildlife Service (QPWS) and Queensland Fire Department (QFD).

FireSight uses operationally proven bushfire simulation software and simulation inputs that are based on actual fuel
load assessments conducted in early 2024 with the assistance of QPWS and local landholders, historical weather from
the Bureau of Meteorology (BoM), and other government sources in relation to elevation, slope, aspect, Wind
Reduction Factors (WRF), fuel disruptions (e.g. roads, tracks and waterways) and fire history for the area. The
simulations are therefore based on the most accurate and current data available for the Mount Nebo area and provide
a clear, accurate representation of the fire environment.

The modelling has been undertaken based on two different fuel condition scenarios (normal fuel state and drought-
stressed fuel state) and two different weather scenarios (elevated fire weather and very elevated fire weather). The
simulations shown in the report assume the most dangerous ignition point and are considered worst-case
scenarios. No fire suppression is modelled.

There are an infinite number of possible fire scenarios. The simulated fires shown in this report ignite 6 kms upwind
from the village. Ignitions closer to the village on high FFDI days, especially with drought-stressed fuels, have the
potential to significantly shorten the time to impact, leaving insufficient time for safe evacuation and posing higher
risk than indicated in these simulation results.

FireSight has delivered a bushfire risk assessment that is objective, repeatable, transparent and will withstand
scrutiny that has used the best available scientific information, tools, and products to support MNRA to better
protect lives, property, and the environment from the negative impacts of bushfires.

1.1. General Findings and Recommendations

1. The state-based Bushfire Prone Area (BPA) mapping is suitable for providing broad hazard information. It
uses coarse weather and fuel mapping inputs, resulting in the entire local area being assessed as the
equivalent to the highest potential hazard in the State, and this constrains bushfire risk communication.

2. Historically major fires are rare in the adjoining D’Aguilar National Park. The last major fire to impact the

community was in 1936. This bushfire risk modelling aligns with the very low likelihood of the extreme bushfire
potential being realised.

FireSight: MNRA Report Date Prepared: August 2024



3. The simulated fires that have the greatest impacts on the community are those with drought stressed fuels.
Drought is an extended period of below average rainfall. This means that the evolution of these conditions is
not over hours, days or weeks, but months and years.

4. Fires burning through drought stressed fuels on days of elevated Forest Fire Danger Index (FFDI) will result in
high intensity fires impacting the Mt Nebo community.

5. Ember attack ahead of fire front is a key risk in the modelled scenarios and will impact the residential areas
of the village before, and independently of, an advancing fire front.

6. Evacuation is certainly a valid option; however, it is important to appreciate that evacuation is not without
risk. The results show that the evacuation routes are compromised approximately five hours after a fire
ignition six kms upwind in the worst-case conditions simulated.

7. The most effective approach to managing bushfire risk is through a collaborative effort involving all parties,
government agencies (QFD, QPWS, City of Moreton Bay) together with residents and Traditional
Owners. Residents have a critical role to play in managing individual risk from both a property preparedness
and personal safety perspective.

8. Planned Burns (PB) reduce the risk of high intensity fires in the future by reducing fuel loads and changing
the structure. This may only last for approximately five years, depending on climatic conditions following
each burn. Regular fire in vegetation not only reduces fuel and the risk of bushfire, but also promotes more
open vegetation structure and habitat for plant and animal species, promoting a more diverse group of plant
species to re-grow.

2. Introduction

Understanding bushfire risk has become increasingly challenging. The BoM in their June 2024 climate driver update
notes that Global Sea surface temperatures (SSTs) have been the warmest on record for each month between April
2023 and May 2024. The current global ocean conditions have not been observed before, historical comparisons
based on past El Nifio—Southern Oscillation (ENSO) or Indian Ocean Dipole (I0D) events may not be reliable. This
complexity should not result in an oversimplification of bushfire risk.

Many major fire events occur in fire seasons experiencing severe rainfall deficit conditions (e.g. Esplin et al. 2003;
McCarthy et al. 2012; Victorian Auditor General’s Office 2020).

Droughts and dry periods tend to occur at regional scales, influencing the propensity of fires and fire spread across
landscapes through the extensive drying of fuels, including coarser fractions such as logs and fallen branches, and
areas that usually act as natural barriers to fire spread such as gullies and moist sheltered slopes (Bradstock et al.
2009). They can also lead to increases in fine fuel load in forest areas through the shedding of leaves from trees and
shrubs (Ruthrof et al. 2016; Nolan et al. 2020). When dry periods extend over many weeks, they have a higher
probability of coinciding with weather conditions that support rapid fire initiation and spread and challenge
suppression efforts (Gill 1983).

Many previous studies have linked droughts and dry weather with increased fire activity using metrics such as the
number of fires and area burned (e.g. Meyn et al. 2010; Dimitrakopoulos et al. 2011; Chen 2022) and the incidence
of large fires (e.g. Preisler et al. 2008; Bradstock et al. 2009; Barbero et al. 2015) (2024).

MNRA recognise that fire is a natural process in Australia’s fire adapted ecosystems and engaged FireSight to assist
in quantifying the risk of bushfire within their local area to assist in preparedness by providing a consistent,
defensible, objective risk assessment methodology.
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Accounting for the complexities and uncertainties surrounding fire management, FireSight provided best practice
risk assessment of bushfire spread to achieve a high-quality fire behaviour analysis using the best available
simulation technologies informed by the highest quality input data and contemporary fire science.

Simulation models are used to better understand how individual fires behave under a set of conditions by varying
the inputs of weather, fuel, and ignition sources in different landscape settings (Finney, 2007; Parisien, et al., 2010;
Bentley & Penman, 2017).

Combining the results from multiple fires under a range of conditions can be used to build probabilistic bushfire risk
profiles for landscapes (Finney, 2007; Tolhurst, et al., 2008). The challenge until recently has been one of access to
the technology, expertise, and data to perform credible landscape scale bushfire simulations for use in quantitative
risk analysis.

2.1. Climate Change

Climate change has already increased the frequency and intensity of extreme weather and climate systems that
influence natural hazards. Further global warming over the next two decades is inevitable. Bushfires are expected to
become more frequent and intense. (Royal Commission into National Natural Disaster Arrangements [RCNNDA] —
Report)

The image below, from the ‘State of the Climate Report November 2022’ (BoM and CSIRO), shows the change in the
annual number of days that the Forest Fire Danger Index (FFDI) exceeds its 90th% between two periods: 1950-1986
and 1986-2022. This increase in dangerous fire weather is significant and widespread in Queensland when the latter
period is compared to the earlier period.

Change in number
of dangerous fire
weather days

25
20
15
10

=25 There has been an increase in the
annual frequency of dangerous
fire weather days across Australia.

Figurel. ShowsAustraliawide increasen dangerous fire weather days
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2.2. Cultural Burning

Cultural burning is fire deliberately put in the landscape, authorised and led by Traditional Owners of that Country,
for a variety of purposes, including, but not limited to ceremony, protection of cultural and natural assets, fuel
reduction, regeneration and management of food, fibre and medicines, flora regeneration, fauna habitat protection
and Healing Country's spirit.

For millennia, fire was integral to many Indigenous peoples’ way of life. Fire was a tool that promoted ecological
diversity and reduced the risk of catastrophic wildfires. Aboriginal peoples' application of fire was complex,
systematic and purposeful and became a powerful firestick technology, enshrined in ceremonial practice deeply
connecting them to the land and all living things in and around them in a kincentric ecological world view.

Colonisation replaced the practise of applying frequent, landscape scale low intensity fires with a focus on fire
suppression and firefighting. While wildfires can be suppressed to a certain extent, beyond that point, they become
uncontrollable. This approach leads to only the most intense fires burning through the landscape. These high-
intensity fires damage canopies and alter the forest structure, transforming it from open and grassy to one with a
dense, shrubby understory. This more closed forest structure becomes difficult to burn at low intensity, establishing
a cycle of infrequent, high-intensity fires.

In recent years, there have been several landmark books and other publications shedding light on the profound
impact Aboriginal peoples in Australia have had in shaping and managing landscapes through the application of,
what many of their Elders refer to as, the right fire. Since the 2019/20 black summer bushfires interest in cultural
burning has only increased and it is generally accepted that the reintroduction of this ancient practise will help
safeguard communities from a repeat of these catastrophic bushfires.

2.3. Scope

Undertake landscape risk assessment with a gridded ignition @ 500m? centres including a 5km buffer using historical
fire weather data with FFDI values at 80% Annual Exceedance Probability (AEP). The AEP is the proportion of years in
which the FFDI value is equalled or exceeded in any given year. From these results the most dangerous ignitions, i.e.
ignitions that burned the greatest areas at high intensity, were selected. These most dangerous ignitions were used
to simulate fire in four different scenarios.

2.4. Aim.

This project aims to empower the Queensland communities of Mt Glorious and Mt Nebo to better understand
bushfire dynamics in their landscape so they can take action to mitigate risk and build resilience within community
culture and systems.

2.5. Local context

Located NW of Brisbane on a ridge line nestled in the D’Aguilar National Park. The area has a climate classed as sub-
tropical recording average maximum temperatures during summer of 25°C and mean annual rainfall of
approximately 1,600 mm (BoM Climate Data). The bushfire season typically starts as the Fire Danger Rating (FDR)
increases from August, peaks in September, and persists through October. However, the long-term trend shows
changes to this pattern.

The BoM report, Changes to Fire Weather in Queensland, that was completed after the November/December 2018
bushfire event that saw over 1,000,000 hectares burnt along the central Queensland coast, noted that fire weather
in South East Queensland (SEQ) has changed significantly.
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While increases in maximum temperatures has been State-wide, the decrease in annual rainfall is greatest in SEQ
and the occurrence of FFDI days above 25, or Very High FDR days, have more than doubled in the last 30 years.

There are a diverse group of and Regional Ecosystems (RE), including Endangered and Of Concern that have varying

recommended fire return intervals (Neldner, 2022). There is a range of vegetation types, from dry open forests,
woodlands, to wet tall open forests, and rainforest.

Figure 2 below shows that based on the State BPA mapping, the community is centred in the highest possible
potential hazard.

.Very High Potential Bushfire Intensity
.High Potential Bushfire Intensity

I Medium Potential Bushfire Intensity
\\{Potential Impact Buffer

.

Figure2. Shows the State Planning Policy Bushfire Prone Area MagoingdMt Neba
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3. Methodology
3.1. PHOENIX RapidFire

The following description of the fire simulator used in this study is taken from (Bentley & Penman, 2017) and is
considered a fit for purpose overview.

“Landscape wildfire risk profiles were developed using the fire spread simulator PHOENIX RapidFire
(hereafter Phoenix) (Tolhurst, et al., 2008). Phoenix simulates the spread of fire from defined ignition
points using inputs of weather, fuel, and terrain. Phoenix simulates two-dimensional fire growth over
complex variable landscapes using Huygens’ principle of fire edge propagation (Knight & Coleman,
1993). In Australian forests the two key drivers for fire propagation are surface fire and convection
driven spot fires (McArthur, 1967), both are included in Phoenix.

Surface fire behaviour is based on an adaptation of the CSIRO southern grassland fire spread model
(Cheney, et al., 1998) and [a significantly modified and enhanced] version of the McArthur Mk5 forest
fire behaviour model (McArthur, 1967) (Noble, et al., 1980). The spotting process is modelled using
ember propagation coupled with spot fire ignitions (Saeedian, et al., 2010) (Chong, et al., 2012). Phoenix
is used routinely for operational predictions of fire and strategic risk assessments within state agencies
for eastern and southern Australia. These agencies have tested the simulator and considered Phoenix to
provide an adequate representation of fire behaviour in their jurisdiction.”

For a more detailed summary of the specific models and main functions of Phoenix, please see sections below. After
more than a decade in operational service with fire agencies across Australia, it is known that when high quality
input data is provided, Phoenix produces high quality fire spread simulation. The next several sections discuss and
outline the input data used for this study.

3.2. Input Data Sets

Various data sets were accessed and included as input variables for the simulation-based gridded risk model, with all
data sets created in a GIS, converted into ASClII file type, and packaged up for use in Phoenix. Input data sets
included were topography, vegetation and related fuel, weather variables, fuel disruptions, fire history and plan burn
regimes. The spatial resolution of the input data sets is not restricted by any size to have an accurate simulation
completed; however, finer scale resolutions of input data does increase the accuracy of the simulation results.
Generally, a spatial resolution of 30 m is used for the input data sets. All input data sets are explained in detail
below.

3.2.1. Topography

For topographical data, the analysis used a Digital Elevation Model (DEM) which Phoenix uses to support other input
data models including slope, aspect, and wind modifications (Kington & Tolhurst, 2020). The DEM was provided with
values represented as height in metres above sea level (Figure 3) and was acquired through the Queensland
Government (https://www.business.qld.gov.au/running-business/support-assistance/mapping-data-
imagery/data/topographic),Geoscience Australia, with a spatial resolution of 25 m. Elevation, slope, and aspect are
calculated using bilinear interpolation with neighbouring cell values during the simulation.

11
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Figure3. Map of the digital elevation model (DEM) udedthe landscapeisk analysis visuaks the dramatic changen elevation.
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3.2.2. Vegetation/fuel

Fuel types are included into the Phoenix simulator and fine fuel levels are assigned for each fuel stratum (surface &
near surface, elevated and bark). The maximum fine fuel levels for each fuel stratum (surface & near surface,
elevated and bark) and the rate of re-accumulation in each stratum after disturbance must be specified for each fuel
type defined (Kington, 2020). To accurately incorporate the spatial distribution and the related fuel types, FireSight
bases this data set on the Broad Vegetation Groups (BVGs) in Queensland developed by the Queensland Herbarium
(Neldner, 2022) (Section 8.6). The BVGs area a higher-level grouping of vegetation communities and RE. Utilizing the
BVGs, FireSight incorporates fuel variables into the model including the type of vegetation, and the accumulation of
litter, grasses, elevated and bark fuels. Figure 3 is displaying the spatial distributions of the BVGs for the study area.
FireSight augment the BVG data with other inputs including remote sensing, land use planning, and field sampling.
Refer to Section 8.5 for detailed descriptions of Queensland Herbarium methodologies and BVGs, related surface,
elevated and bark fuels fuel estimates and wind reduction factor.

FireSight routinely ground truths this broad vegetation mapping to validate fuel structure, load and extent.

As part of this project this work was greatly enhanced by input from a long-term local resident with decades of
experience in forest and fire management. As a result of this ground truthing there were important changes made to
the BVG map. The were numerous areas of Rain Forest that were incorrectly mapped Fire behaviour in these two
vegetation types is very different, so these corrections change the local risk picture significantly

The result of this work was highest quality fuel inputs.
The brown areas around the village indicate the tall open forest (BVG 8a).

" oy
o 5 10 20 30 Km p.
M L 2 ! N " 1 L

Figure4. Map displaying the spatial distribution of the vegetation types acros#/iNR®Astudy area The legends in Figure 5 below
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Vegetation Type
Name

10b Moist open forests

to woodlands

dominated by Corymbia
citriodora (spotted gum)

11a Moist to dry open
forests to woodlands
dominated by
Eucalyptus orgadophila
(mountain coolibah).

B Some areas dominated

by E. tereticornis (blue
gum), E. melliodora
(yellow box), E. albens
(white box), E. crebra
(narrow-leaved red
ironbark) or E. melano

12a Dry woodlands to
open woodlands
dominated by ironbarks
such as Eucalyptus
decorticans (gum-
topped ironbark), E.

| fibrosa subsp. nubila

(blue-leaved ironbark),
or E. crebra (narrow-
leaved red ironbark)
and/or bloodwoods
such as Corymbia
trachyphloia (y

16a Open forests and
woodlands dominated
by Eucalyptus
camaldulensis (river red
gum) (or E. tereticornis
(blue gum)) and/or E.

[ coolabah (coolibah) (or

E. microtheca
(coolabah)) fringing
drainage lines.
Associated species may
include Melaleuca spp.,
Corym

16¢ Woodlands and
open woodlands
dominated by
Eucalyptus coolabah
(coolibah) or E.
microtheca (coolibah) or

I E. largiflorens (black

box) or E. tereticornis
(blue gum) or E.
chlorophylla on
floodplains. Does not
include alluvial areas
dominated by herbland

16d River beds, open
water or sand, or rock,
frequently not
vegetated

18b Woodlands
dominated Eucalyptus
crebra (narrow-leaved
red ironbark) frequently
with Corymbia spp. or
Callitris spp. on flat to
undulating plains

21b Low open
woodlands and tall
shrublands of Melaleuca
citrolens or M.
stenostachya or other
Melaleuca spp.

25a Open forests to
woodlands dominated
by Acacia harpophylla
(brigalow) sometimes
with Casuarina cristata
(belah) on heavy clay
soils. Includes areas co-
dominated with A.
cambagei (gidgee) and/
or emergent eucalypts

2a Complex evergreen
notophyll vine forests

. frequently with

Araucaria cunninghamii
from foothills to ranges.
(Tracey 1982 Sa, 5b)

8a Wet tall open
forests dominated by
species such as
Eucalyptus grandis
(flooded gum) or E.
saligna, E. resinifera
(red mahogany),
Lophostemon confertus
(brush box), Syncarpia
spp. (turpentine), E.
laevopinea (silvertop
stringybark)

8b Moist open forests
to tall open forests
mostly dominated by
Eucalyptus pilularis
(blackbutt) on coastal
sands, sub-coastal
sandstones and basalt
ranges. Also includes
tall open forests
dominated by E.
montivaga, E. obliqua
(messmate stringybark),
and

Figure5. Shows theBVGdescriptionand the legend fothe dominantfueltypes used in the simulations.

FireSight: MNRA Report

9a Moist eucalypt open
forests to woodlands
dominated by a variety
of species including
Eucalyptus siderophloia
(red ironbark), E.
propinqua (small-fruited
grey gum), E.
acmenoides (narrow-
leaved white
stringybark), E.
microcorys
(tallowwood), E. carnea

9g Moist to dry
woodlands to open
forests dominated by
stringybarks or
mahoganies such as
Eucalyptus tindaliae
(Queensland white
stringybark), E.
latisinensis (white
mahogany), E.
acmenoides (narrow-
leaved white
stringybark); or E.
racemosa (scribbly gum
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3.2.3. Weather

Phoenix requires weather data to support the fire spread modelling, and for this analysis gridded weather has been
incorporated. Phoenix processes fires on a particular day and a drought factor and grass curing are required, and the
gridded weather includes surface temperature (°C), surface wind speed (km/h) and direction (deg.), cloud cover,
surface relative humidity (%) (Kington, 2020). To accurately include weather specific to the study area into the
simulation design, 20 selected historical weather scenarios using the Bureau of Meteorology Atmospheric high-
resolution Regional Reanalysis for Australia (BARRA) are selected to create a weather ensemble. This accounts for a
range of typical elevated fire weather days. (http://www.bom.gov.au/research/projects/reanalysis/).

BARRA takes all historical observations between 1990 and 2019. It then uses the Australian Community Climate
Earth-System Simulator (ACCESS) weather model to fill in the fine detail. ACCESS was developed in close
collaboration between the BoM, CSIRO, and Australian universities These datasets are extremely valuable. They
provide a consistent method of analysing the atmosphere over several years or decades to give greater
understanding of the weather, including extreme events.

20 days are selected from the total set of days that meet this criterion. This creates a weather ensemble that is used
to account for the variation in local typically elevated fire weather days. This approach is more robust than a
deterministic forecast that provides a single value and ignores the uncertainty in the input data. The BoM uses this
approach when it provides a range of values for the likelihood of rain and the FireSight weather ensemble uses this
same approach.

To select the 20 representative weather scenarios from the BARRA data set, an Annual Exceedance Probability (AEP)
of 80% for the FFDI is used as the minimum value in this analysis. That is an FFDI value that has been observed 8 out
of every ten years in each grid cell. This value provides an 80% probability that the FFDI will be met or exceeded in
any given year.

The average FFDI values at 80% AEP used for this analysis range from 36 to 48 and are displayed in Figure 6 below.

In Figure 6 below,

e The green grids in the top right of the image indicate FFDI values in the high 30’s.
e The orange and red grids in the bottom left of the image indicate FFDI values in the high 40’s.
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Figure6. Showshe FFDI at 80%EP for the study area

3.2.4. Wind Reduction Factors

Wind Reduction Factors (WRF) are fuel type specific and are used to convert the forecast 10 m wind speed to a
nominal mid flame height of 1.5 m. This conversion to the approximate wind speed at mid-flame height within the
vegetation complex references the observed or forecast wind speed measured at 10 m in the open, provided by the
Bureau of Meteorology (BoM).

In 18 m high open eucalypt forest, McArthur assumed that the WRF at 1.5 m above the ground was a factor of 3. In
Jarrah Forest in Western Australia, Project Vesta found that the wind reduction factors are also calculated in Phoenix
based onfactor at 5 m above the ground was also a factor of 3. In grassland, there is no WRF assumed so the value is
set to 1. In grassy woodland in northern Australia, Cheney et al. (1998) found the WRF to be a factor of 2 wind
reduction factoron a wind reduction factor based on wind data provided at 10 m above ground provided by the
BoM. Utilizing this wind data and the vegetation data set, Phoenix converts it to wind speeds at 1.5 m above ground
and incorporates it into the model. Additionally, wind modifiers are included in the model which are estimated
based on the DEM.
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3.2.5. Fuel Disruptions

Fuel disruptions are used to define the location and width of any linear feature on the landscape that may lead to

the disruption in the progression of fire. Fuel disruptions include roads, streams, firebreaks, and railway lines that
are generally devoid of fuel and may act as barriers to the progress of a fire.

Related spatial data was acquired for any landscape features that create a disruption to fire spread and merged into
a single disruption layer to input into the Phoenix simulator. The following data sets were used to create the
disruption data set from the Queensland Government spatial data catalogue:

e Rail network, 2022 (https://www.resources.qld.gov.au/data-mapping)

Roads and tracks, 2021 (http://gldspatial.information.qgld.gov.au/catalogue/)
e Major watercourse lines, 2021 (http://www.dnrm.qld.gov.au/mapping-data)

e Watercourse areas, 2021 (http://www.dnrm.qld.gov.au/mapping-data)
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Figure7. Spatial distribution of disruptiafor the MNRAstudy area
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3.2.6. Fire historyand PlannedBurns(PB)

Incorporating fire history into the residual simulations is an important aspect of identifying the reduction in risk due
to past fire occurrences. This provides a more accurate interpretation of the vegetation at its current state. Fuel
types are used in conjunction with the fire history data set generating levels of fuel at the date of the simulation
(Kington & Tolhurst, 2020). This analysis used up to date fire history data based on the Queensland Government fire
history data sets and includes all PB and bushfires occurring from 1980 up to April 30, 2020. This data set includes
the most recent occurrence of fire for each cell in a resolution of 30 x 30 m.

It is important to capture the effects of the indicative fire management regime that is functioning in the NP area. The
mapped fire history is generated from multiple data sources including MODIS, (the Moderate Resolution Imaging
Spectroradiometer, a satellite-based sensor used for earth and climate measurement), Landsat, manual inputs from
various agencies and local government. Together these form a reasonable picture of background fire effects on the
fuel complex. Below is a graphical view of the mapped fire history from FireSight which was used in this analysis.

In addition to the background fire history described above, it is essential that the simulator has a good
representation of the fuels by type, structure, load, and arrangement, to support reasonable inferences of fire
behaviour. The conceptual process for mapping and quantifying fuel load, structure and change since time of last fire
can be seen in Section 8.6. By way of overview, FireSight starts with the Queensland Herbarium provided RE data
sets, and from these uses the remnant Broad Vegetation Groups (BVG) as a basis for classifying the major fuel types.
The BVG description guide forms the basis for fuel hazard assessments, and where possible these are verified by
various means, including using experts from the various locations. In conjunction with these, the Vegetation Hazard
Class (VHC), Queensland Land Use Management Planning (QLUMP) and several other land use specialist data sets are
also included. Figure 8 shows the fire history used in the landscape risk analysis, with a spatial resolution of 30m?.

Fire Date
2021115

B ssi0i0
—— Roads
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Figure8. Map displaying the fire histonyp untilNovember2023. Darker green represents longer time since fire.

FireSight undertook a series of gridded risk fire simulations to compare indicative potential fire spread and behaviour
under the following specific conditions:

e Temporal scale of 60 hour simulated fire development. 10:00 hr ignition time on day one, running until
22:00 hrs on day three.

e 55 m?spatial simulation resolution in Phoenix (chosen to consider severity of conditions, performance of the
simulator and results data file size). The input data is at 30m resolution. Phoenix is routinely run at 180m
resolution. FireSight selects this resolution based on the quality of the outputs and data processing time and
efficiency. This resolution is selected because it provides the highest fidelity while ensuring reasonable
processing times.

e Gridded 500 m offset centre ignition pattern covering entire study area, plus a 5 km buffer (total of 7,647
ignition points).

e The selection of the Phoenix spatial resolution and ignition grid resolution strikes a balance between the
quality of the output data and processing time efficiency. These settings offer the highest fidelity outputs
while ensuring reasonable processing times.

e No suppression is modelled.

For the fixed ignition grid, gridded risk offers fire behaviour results across the entire MNRA area and holds the
ignition point locations constant. This enables insights into the efficacy of the management options in a way that
isn’t confounded by the randomisation of ignition point locations between scenarios. It provides averaged fire
behaviour information per 55 m? grid cell across the entire site. The ignition grid for this study was built by defining a
background set of ignition points at 500 m centres, with every second row offset, to provide an equiprobable ignition
set.

3.2.7. Simulation scenarios
There were two distinct steps in the simulation process.

First was to undertake a landscape scale bushfire risk assessment described above in Section 3.1.5. Using the
weather ensemble provides 20 days of elevated fire danger. The >7,000 ignitions are modelled across each of these
days. This provides more than 140,000 thousand individual fires.

The second step was to identify the most dangerous ignitions from these many thousands of fires.

The rugged landscape to the west influences fire spread, preventing most fires from impacting the Mt. Nebo
community or its surroundings. Only fires that affected the general area were considered dangerous.

Among these, the largest fires that burned at the highest intensity were deemed the most dangerous.
Figures 9 and 10 below show two different views of the of the most dangerous ignition locations.
Figure 9 shows a heat map where the highest density of dangerous ignitions were identified.

Figure 10 uses circles coloured and sized by the number of dangerous ignitions and the size of the fires that
originated from these locations. The largest, reddest circles have the greatest concentration of dangerous ignitions
that also burnt the greatest area at high intensity.
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Figurel0. Depicts the most dangerous ignition locations by sizecatalr.
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Using these most dangerous fires, four simulation scenarios were developed comprising two fuel states and two
weather scenarios.

TwoFuel States.

FireSight has undertaken 100s of destructive samples in the BVG found in the project area. This is the only objective,
consistent method for measuring fuel loads. The results are routinely significantly lower than those used in the
State’s Bushfire Prone Area (BPA) mapping. These fuel loads have been used in numerous real time fire events and
there is high confidence in this data. Section 3.2.2 and 3.2.4 detail these inputs to the simulations.

However, in the 2019/2020 black summer bushfire season, these standard fuel inputs were found to underestimate
fire behaviour. Where droughts and heatwaves coincide forest mortality has been observed (Choat, 2018). Tree
death causes canopy die back, leaves that fall are suspended in the understory or add to the litter layer on the forest
floor. The opening of the canopy changes the microclimate within the forest and decreases, drying the fuels, changes
the sub-canopy winds, lessening the wind reduction factor. Subsequent research into the black summer identified
the influence of drought in this extreme fire season (Fox-Hughes P, 2021).

With this knowledge a drought stressed fuel characterisation was created to supplement the normal fuel state to
better understand the impacts of fires burning under these conditions.

1. Normal fuel state
2. Drought stressed fuel state.

TwoWeather senaric.
AEP is detailed in Section 3.2.3.

For the four scenarios used in the most dangerous ignitions simulations, a second weather stream was used with an
AEP of 10%.

A typical day for the study area observed or exceeded once every ten years, 10% AEP, and a typical day for the study
area that has been observed or exceeded eight days in every ten years, 80% AEP.

1. 80% AEP, elevated fire weather.
2. 10% AEP, very elevated fire weather.

Elevated fire weather, Very elevated fire weather,
Drought effected fuel state Drought effected fuel state

Elevated fire weather, Very elevated fire weather,
Normal fuel state Normal fuel state

Figurell. Shows the fousimulationscenarios.

Tablel. List of fre variableexported as results from the simulatibasedlandscapeisk analysis.
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Variable

Description

Burn Frequency

Number of times each grid cell was impacted by fire.

Burn Frequency
Normalised

Re-scaling of burn frequency values within a range from 0 to 1.

Bushfire Attack Level (BAL)

Rating based on the measure of severity of a building’s potential
exposure to ember attack, radiant heat, and direct flame contact.

Bushfire Risk Index (BRI)

Risk value calculated using house loss probability and normalized
impact frequency.

Convection

Estimated convective strength, measured in Megawatts (MW).

Ember Density

Estimated density of embers measured in number per metre2
(#/m?2).

House Loss Probability
(HLP)

Probability value calculated based on fireline intensity, flame depth,
ember density, convection, and flame height (Tolhurst & Chong,
2011).

Impact Frequency

Number of times each grid cell was impacted by fire, and/or
convection, and/or embers

Impact Frequency
Normalized

Re-scaling of impact frequency values within a range from 0 to 1
representing the minimum and maximum values respectively.

Fireline Intensity (FLI)

Intensity of fireline impacting each grid cell measured in Kilowatts
per metre (kW/m).

Simulator Configuration

Simulator: PHOENIX RapidFire Version 4.3.3

Mode: Batch All Cells

PHOENIX Resolution: 55 m?

Ignition Start DTG: 1 Oct 2023 10:00 hr.

Duration: 12 hr

Weather Ensemble: 20 Historical Days — 80 % AEP Peak

Daily FFDI

Weather Data Source: BARRA

Ignition Grid: 500 m Centres, every 2nd row offset

Fire History Source: FireSight as @ Nov. 2023

Fuels Source: FireSight based on BVG.

FireSight: MNRA Report

Date Prepared: August 2024
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« Wind Modifiers: FireSight
o DEM and Disruptions Source: QLD Gov.

A conceptual representation of the gridded risk analysis process has been presented in figure 7 below, which
includes how the data sets described above are incorporated into the PHOENIX simulations and the gridded risk

analysis.
Fixed Gridded Fuels
Ignition Locations Disruptions Fire History (Structure and Load)
& e =
o= Rich Set of Results
i - Avg Flame Height Impact Frequency
v SR -k
Loss Probability
. v
20 Recent Historical I —
FueI Treatment Weather Days oenix — Landscape >cale ec i
Option = s ey
_ = 2
- : .r
£ * 3
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‘ 3 > Avg Fireline Intensity
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Figurel2. Conceptual overview of simulatidbasedlandscapeisk analysis(SourceFireSight Further detail on the Phoenbandscape Scale
Effects is provided at Figure 28.
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4, Results
4.1. Wind Direction Analysis

Following the acquisition of the BARRA weather data, and identification of the 20-members of the weather
ensemble used in the PHOENIX simulations, it was possible to identify the wind directions occurring during the 12-
hour simulation time during which the worst fire weather conditions occur (Figure 13).

>80% of the time wind direction is between the SSW and WNW. Conversely <20% of the time the wind, and
consequently fire arrival, is between the NW and South. This means the SSW-WNW quadrant is four times more
likely to see fire arrival than the remaining three quadrants combined.

FLI is a product of the amount of fuel and the rate of spread, so where fires burn through areas with reduced hazard,
FLI is reduced. Therefore, hazard reduction upwind is more effective, meaning direction of fire arrival is critical
information when preparing and planning for wildfires.
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Figurel3. Comparison of BARRA data wind directidesved from the20-memberweatherensembleat 80% AEFFDI

The following maps provide a visual representation of the spatial distribution for each of the fire variable results
following the landscape risk analysis, at a project wide scale.
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4.1.1. Convection

Fire impacts extend beyond FLI. Damaging fires develop tall smoke plumes. The heated air rises rapidly above the
fire, and this creates low pressure areas around the smoke plume. These areas induce winds into the plume. In
extreme conditions these fire induced, convective winds can cause significant damage, uprooting established trees
and increase the vulnerability of built structures. Convective Strength is based on the total fire intensity within a
convective cell, so it is a product of the amount of fuel being burnt, the slope of the ground, the severity of the
weather conditions, the size of the fire and the rate of fire spread.

Brighter colours indicate greater convective strength.

Deeper purple colours indicate weaker convective strength.

The area around the village has relatively high convective strength.

Mount Glorious

®

Lo | ‘ :
SELUGICRY  Convection
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0-100
N 100 - 1,000
I 1,000 - 1,500
B 1,500 - 2,500
I 2.500 - 5,000
B 5,000 - 7,500
B 7,500 - 10,000
10,000 - 15,000
15,000 - 20,000
20,000- 23,500
Impact Area

Fairney\View

Figureld. Shows the average convective strength in MW
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4.1.2. Ember Density

Embers are another element of severe fire behaviour that has the potential to cause damage. A Bushfire CRC report
that studied house loss in the ACT 2003 bushfire, found that embers are the major cause of ignition, as they can
attack a building for some time before a fire front arrives, during the passage of the fire front and for many hours
after the fire has passed. Blanchi R. (2005). Embers can impact built and natural values. For example, embers can
lodge in decking or trees and continue to burn independent of the fire front.

Brighter colours indicate greater ember density.
Deeper purple colours indicate lower ember density.

The area around the village has relatively high ember density.

A Ember Density

Avg. #/m2
0-0.001
B 0.002 - 0.01
B 0.01-0.025
0 0.025-0.05
0.05 - 0.075
0.075- 0.1
0.1-0.5
. 05-1
il i-15
B 15-19
. Impact Area

Figurelb. Shows the average ember density in #m
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4.1.3. Fireline Intensity (FLI)

Byram (1959) introduced the concept of FLI, as related to assessing and characterising fire behaviour that has proved

valuable in both bushfire management and research on a global basis. FLI is the rate of energy or heat release per
unit time, per unit length of fire front (kW/m). Numerically, it is equal to the product of the fuel low heat of

combustion (kJ/kg), quantity of fuel consumed in the flaming front (kg/m2), and the linear rate of fire spread (m/s).

FLI is a commonly accepted fire behaviour metric and is an output from FireSight’s static grid and simulation
approaches. Table 2 below shows one categorisation of the FLI using descriptions of fire behaviour and supporting
science.

Table2. Cdegories for Firelinéntensity These categories are used in simulation results including Fi6 ieddw.

Fireline
Intensity Description
(kW/m)
Direct manual attack at fire’s head or flanks by fire fighters with hand tools and water is
107 2.000 possible. Th_is_ is the level of FLI where most p_Ianned burning tak_es place. Very little
: spot fire activity at less than 1,000 kw/m (Project Vesta 2007). Fires at the upper end
of the scale can be challenging if the fuels are prone to ember production and spotting.

Challenging but achievable fire suppression at lower ends of this category. 4,000 kwW/m
is estimated to be the approximate threshold for direct attack on a head fire with aircraft
and machinery Very vigorous or extremely intense surface fire (Alexander and
DeGroote 1989).

6% house loss category (Kilinc 2010)

B Threshold for continuous crown fire (10,000). Control is extremely difficult and all
4,00017 10,000 | efforts at direct control are likely to fail. Direct attack is rarely possible. Suppression
action must be restricted to the flanks and back of the fire. Indirect attack with aerial
ignition if available, may be effective (Alexander and Cole 1995).

24% house loss category (Kilinc 2010)

10,000 i 30,000 | Crown fires have the potential to dramatically increase FLI with the addition of the
crown fuels, and increased fire atmosphere interactions. This will produce a related
increase in ember production and spotting.

70% house loss category (Kilinc 2010)

FLI of greater than 30,000 kW/m is commonly understood as blow-up. Intensities
exceeding 30,000 kW/m were a defining feature of Black Saturday Fires. Wilson (1984)
identified fire intensity > 60,000 kW/m during Ash Wednesday

FireSight: MNRA Report Date Prepared: August 2024
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Figures 16 to 19 below show the results from the landscape risk analysis.

Green and blue areas indicate areas of lower FLI where suppression is more likely to be safe and effective.

Yellow indicate areas of higher FLI where suppression is unlikely to be safe and effective.

The orange areas indicate FLI where crown fires are likely, very high intensity fires.
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Figurel6. Shows theategorisedaverage FLI in kW/fmom the landscape risk results
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4.1.4. Impact Frequency

The gridded ignitions and 20-member weather ensemble simulated, result in thousands of individual fires. Parts of
the NP are impacted more frequently and other parts less frequently. To make these results easily interpreted for
risk analyses, FireSight normalises the results so that the values are relative to the NP specifically. The grid cell
impacted by the highest number of fires has a value of 1 and the grid cell impacted by the fewest number of fires has
avalue of 0.

The impact frequency is the likelihood component of the FireSight Bushfire Risk Index calculation.
The areas west and north of the village stand out as having relatively high impact frequency.

Evacuation routes to the north also have relatively high impact frequency.
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Figurel?7. Shows the NIffom the landscape risk results
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4.1.5. House Loss Probability (HLP)

Studies of nearly 10,000 houses lost in bushfire events by CSIRO and University of Melbourne have been used to
develop a basis for predicting broad level house loss likelihood in Phoenix. Assuming a standard undefended
dwelling is impacted, Phoenix calculates this loss likelihood. FireSight uses this output as the consequence

component of the Bushfire Risk Index.

Red areas indicate high HLP levels and the most dangerous fire behaviour.

The area around the village stands out as having relatively high HLP.

Figurel8. Shows the werageHLPfrom the landscape risk results

FireSight: MNRA Report
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4.1.6. Bushfire Risk Index (BRI)

FireSight brings together the normalised impact frequency and the house loss probability to create the BRI. The top
and middle maps in Figure 19 below are coloured based on average Bushfire Risk Index (BRI) produced by the
simulations.

The area around the village have relatively high BRI.

W Bushfire Risk Index
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Figurel9. Shows the werageBRIfrom the landscape risk results

4.2. Individual dangerous ignition simulations.

Figure 20 below shows a single brown grid cell that depicts the ignition location used in the following simulations
and the slope of ~40%. The rule of thumb that fires double their rate of spread for every ten degrees of slope holds
true only when the wind and slope align, as is the case here. The ignition is 6 kms from the township, upwind.
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Figure20. Shows the location of the most dangerous ignition, the steep slope that aligns with the dominant wind direction paoxifigy/to
the Mt Nebocommunity.

The simulated fires start at 10:00 am.

Figure 21 below shows the estimated earliest time to the simulated fires impacting evacuation routes.
Figures 22 to 24 below show the simulated fire spread at three-time intervals, 12, 36, and 60 hours.
These intervals provide one, two and three burning periods or afternoons for potential fire spread.
The darker pixels indicate higher intensity fire and taller flames.

The yellow pixels indicate lower intensity and shorter flames.

The red pixels indicate spotting, or where firebrands (burning twigs, bark and leaves) are likely to land ahead and
downwind of the main fire.

The simulations show the high rates of spread/high intensity fires where the wind aligns with the western facing
slopes.

Spotting is generated by the strong convection, and this is most evident where the firebrands are launched from
Cabbage Tree Range Road, 2.4 kms west of the village, Taylors Break and the Double Break that are <1km to the
west. Each of these ridge lines run north south and are between the village and the most likely direction of fire
arrival.
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4.2.1. Evacuation routes impacts.

Droughtstressed-80% AEP 2 L Drought §tres§'€@~10% AEP

5 hours after ignition 6 hours after ignition

y
Normalifuel-80% AEP /

48 hours after ignition ¥ N 10 hours after ignition

Figure21. Shows thestimated time to impact of the evacuation routes for the four simulation scenarios.

The normal fuel and 80% AEP simulation shows impacts approximately 48 hours after ignition.
The normal fuel and 10% AEP simulation shows impacts approximately 10 hours after ignition
The drought stressed fuel, and 80% AEP shows impacts < 5 hours after ignition

The drought stressed fuel, and 10% AEP shows impacts < 6 hours after ignition. This fire spreads in a southerly
direction initially under the influence of a northerly wind before turning east and overtaking the drought stressed
fuel 80% AEP scenario.
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4.2.2. 12 hours after ignition

Drought stressed-10% AEP

- b o2

Drought stressed-80% AEP T

Normal fuel-80% AEP

Figure22. Shows thesimulated fire spread 12 hours after ignition for the four simulation scenarios

The normal fuel and 80% AEP simulation shows fire spread to the ridge line, and spotting into the valley.

The normal fuel and 10% AEP simulation shows spotting has impacted the village.

The drought stressed fuel scenarios at both 10% AEP and 80% AEP shows fire spread and spotting has impacted the
village, the southern and northern evacuation routes.

34

FireSight: MNRA Report Date Prepared: August 2024



4.2.3. 36 hours after ignition.

Drought sttﬁﬁsed—BO% AER, - "-:-

Nermal fuel-80% AEP

Figure23. Shows the simulated fire spread 36 hours after ignition for the four simulation scenarios.

The normal fuel and 80% AEP simulation shows fire spread to the ridge line, and spotting into the valley.

The normal fuel and 10% AEP simulation shows fire spread has impacted the northern evacuation route and is
spotting into the village.

The drought stressed fuel scenarios at both 10% and 80% AEP shows fire spread has impacted the entire area.
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4.2.4. 60 hours after ignition.

Normal fuel-80% AEP

Figure24. Shows the simulated fire spreadltours after ignition for the four simulation scenarios.

The normal fuel scenarios at both 80% and 10% AEP simulation shows fire has impacted the northern evacuation
route, and spotting into the village.

The drought stressed fuel scenarios at both 10% and 80% AEP shows fire has impacted the entire area.

4.3. Most dangerous ignition simulations discussion
This is a genuine worshse scenario.
The scenario assumes that,

e The fire ignites on a day that equals one of the highest recorded FFDI days in the project area over the past
40 years. A 10% AEP is derived from the FFDI value that is met or exceeded once every ten years in the
BARRA data set or one day every 3,650 days.

e This equates to an average likelihood of 0.27% that the FFDI will occur on any given day.

e The ignition location is in one of the most dangerous locations out of the many thousands of simulated fires.
It is not possible to calculate the likelihood of an ignition occurring in this most dangerous location, but this
reduces the likelihood of the scenario occurring by an order of magnitude.
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e Further, on this day of near record FFDI there is no initial attack, or this attack fails. That is the simulated fire
is unsuppressed. On a day with an FFDI of this magnitude, firefighting resources would routinely be
prepositioned so that the time taken to first attack is reduced and the likelihood of controlling the fire is
increased.

e The simulation extends across three burning periods. This also means that it spreads across two overnight
periods. During these two overnight periods opportunities exist for control lines to be established at some
parts of the fire perimeter. Any containment or backburning overnight is likely to reduce the extent of the
fire spread through the subsequent burn periods.

The simulations that have the greatest impacts on the community are those with drought stressed fuels. Drought is
an extended period of below average rainfall. This means that the evolution of these conditions is not over hours,
days or weeks, but months and years.

4.4. FFDI, life and house loss.

100%
90% - i
80%
Q
® 70%
c
3 60%
g
@ 50%
L 40% - ——— Cumulative percent
g 30% of total number of
(v} fatalities
20%
——— Cumulative percent
10% of total house loss
0% - —_— .

80 100 120 140 160

Forest Fire Danger Index

Figure25. Showghe aumulative percent of total number of fatalities & house loss vs KHiDIthe 80% and 10% AEP overlaid on the graph.

Queensland has an unusual house-loss profile, with losses having only occurred in the last 15 years. Compared with
other eastern states, Queensland’s house-loss levels are very low, which is assumed to be related to its tropical to
subtropical climate (Blanchi. R, 2010)

In the approximately 100 years prior to the 2019 bushfire season less than 40 houses had been lost due to bushfires
in Queensland. Figure 25 shows that less than 30% of accumulated house loss occurs at the FFDI observed at Mt
Nebo. This indicates that FFDI in isolation is unlikely to result in house loss.
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5. Recommendations and Conclusions

It is self-evident that the MNRA are proactive in their approach to bushfire preparedness. This approach is
to be commended and demands support from other key stakeholders. The only viable pathway to
successful fire management is through cooperation and collaboration. In the face of a changing climate and
the shifts in fire management practices introduced since colonisation, this fact has never been more crucial.
No single entity can meet these challenges alone.

There are no simple solutions to this complex problem, evacuation planning provides one preparedness
option. It is recommended that alternatives are cooperatively explored, developed and practised.

The leave earlyapproach is the result of the Victorian Black Saturday bushfires in February 2009. Up until
this time fire agencies routinely advised well prepared residents to stay and defend their homes. The loss of
lives on this day changed fire agencies messaging. However, houses are still places of refuge in most fire
situations. Understanding the different fuel and FFDI levels experienced in Victoria and Mt. Nebo is an
important starting point for better preparedness. Leaving before a fire starts overlooks the reality that well
prepared people and properties can be safely defended.

By utilising an accurate set of input data sets, the landscape risk analysis completed in this study has
accurately identified where high intensity fires are most likely to cause increases in risk to life, and property.
These results will facilitate communication both within the community and externally with risk partners
including QFES, QPWS, City of Moreton Bay and the Traditional Owners, the Jinibara People.

Whilst this study did not directly assess the effects of Planned Burning (PB), it is accepted that PB reduces
the risk of high intensity fires in the future by reducing fuel loads and changing the structure. Regular fire in
vegetation not only reduces fuel and the risk of bushfire, but also promotes more open vegetation structure
and habitat for plant and animal species, promoting a more diverse group of plant species to re-grow (Boer,
et al., 2009; Gill, 2012; Price, 2015). Therefore, PB is an essential part of the bushfire mitigation strategy.

Considering this established science supporting PB and the critical need for collaboration, it is
recommended that areas to the west of the village are prioritised for PB. The Cabbage Tree, Double and
Taylors Breaks run north/south along the ridgelines to the west of the village. These west facing slopes align
with the most likely direction of dangerous fire arrival and in these dangerous conditions they provide
momentum for high intensity fires to develop. The ridgeline then provides a launching point for embers to
impact evacuation routes, lives and properties downwind. Other similar landscape features should also be
prioritised, but it's important to note that frequent, low-intensity, landscape-scale fire will most effectively
complement residents' preparedness and planning efforts.

The results of this analysis are a product of collaboration between MNRA and FireSight. This evolving
partnership provides the best available support to develop preparedness strategies and solutions at the
individual resident level. FireSight has applied a rigorous and quantitative methodology to support action,
planning and investment into the future. However, as with most fire related research and data, the science
and understanding continues to evolve. Implementation, interpretation, and application requires ongoing
commitment if MNRA is to achieve their goals of communication and cooperation, resolving issues,
advancing amenity, and preserving flora and fauna.
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8. Supplementary material
8.1. Spark

CSIRO’s Datab1 launched this software at the Disaster and Emergency Management Conference in March

2014. In a 2015 Paper CSIRO noted, two operational tools currently in use in Australia are Phoenix and
Australis, both developed over the last ten years. Spark has been developed with the goal of easy
adaptability. It allows user defined spread models, as opposed to thechdeti spread miels found in

current operational tools. This functionality enables many aspects of simulated fire spread to be tested and
investigated.

In 2016 and 2017 the FireSight bushfire team in their roles at QFES instigated investment and development
of Spark, working closely with the Data61 team. From 2016 to 2019 the Technical Lead for Bushfire at
FireSight also led engagement with Data61 in the role of Chair of the AFAC Systems Working Group.

In 2020, the RCNNDA recommended that Australian, state and territory governments work together to fund
the ongoing development and national implementation of Spark including employing technologies such as
machine learning to enable near real time prediction as well as incorporating natiapgimg of fuel load,
condition state and distribution.

As a result of this recommendation, phase one of the technology’s implementation commenced in January
2021, with further developments ensuring it will become fully operational over the next three years.

8.2. Australian Fire Danger Rating System (AFDRYS)
The AFDRS replaced the McArthur Fire Danger Rating system on September 1, 2022.

The AFDRS outputs are at 1.5km? resolution. The three main inputs to fire behaviour are fuel, weather, and
terrain. At this coarse resolution terrain has no effect on fire behaviour.

The AFDRS uses eight fire behaviour models that were developed for specific conditions. These models are
more contemporary than the McArthur FDR system and are well established in the fire science community.
However, the AFDRS applies these models over a broad range of conditions that depending on the season,
location, and time of day, are outside the range of the conditions the models were developed under.

For example, the AFDRS uses the Dry Eucalypt Forest Fire Model (DEFFM), developed from Project Vesta.
This model predicts the Rate of Spread (RoS) of wildfires based on estimates of wind speed, fine dead fuel
moisture content and a visual assessment of surface and near-surface fuel characteristics.

This is a robust model for fires burning in mid-afternoon, summer burning conditions. However, in the
AFDRS it is used for all dry and wet forest fuel types, year-round at all times of day. The Fuel Moisture
Content (FMC) model was not developed for this range of conditions.

The DEFFM uses a numeric fuel hazard score (from 0 to 4) or fuel hazard rating (Low to Extreme) and the
height of the near-surface (NSF) fuel layer as inputs. There is no robust method to assess these inputs
consistently and objectively, and this means that broad assumptions have had to be made to apply this
model nationally. The fuel layer height and hazard score inputs have been capped in the AFDRS to limit the
RoS outputs from the model.

DEFFM is sensitive to both inputs. For example, an increase of one in the Surface and NSF layer hazard
scores will double the RoS. The model is also sensitive to lower Fuel Moisture Content (FMC) so that a
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reduction from 5% to 4% will increase RoS by 50%. Assumptions have also been made on canopy
consumption, availability and accumulation that are not part of the DEFFM.

8.3. Acronyms.

Acronym Acronym Description

ABARES  Australian Bureau of Agricultural and Resource Economics and Sciences

ACCESS Australian Community Climate Earth-System Simulator

AEP Annual Exceedance Probability

AFAC Australasian Fire and Emergency Service Authorities Council
APZ Asset Protection Zone

BAL Bushfire Attack Level

BARRA Bureau of Meteorology Atmospheric high-resolution Regional Reanalysis for Australia

BoM Australian Bureau of Meteorology

BRI Bushfire Risk Index

BVG Broad Vegetation Group (Queensland)

CSIRO Commonwealth Scientific and Industrial Research Organisation
DEM Digital Elevation Model

DES Department of Environment and Science

DF Drought factor

FDR Fire Danger Rating

FFDI Forest Fire Danger Index

FHS Fuel hazard score (as per Vesta Fuel Guide)

FHR Fuel hazard rating (as per Overall Fuel Hazard Guide)
FLI Fireline Intensity

FR Fire Regime

GIS Geographic Information System

ha Hectares

HLP House Loss Probability

KBDI Keetch-Byram Drought Index
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MW

NFDRS

NP

OFH

PB

PBR

PSG

QFES

QLUMP

QPWS

RE

RH

TSF

UTM

VHC

WRF

Mega Watts

National Fire Danger Rating System
National Park

Overall Fuel Hazard

Planned or Prescribed Burning

Planned or Prescribed Burning Regime
Predictive Services Group (AFAC)
Queensland Fire and Emergency Services
Queensland Land Use Management Planning
Queensland Parks and Wildlife Service
Regional Ecosystem

Relative humidity

Time since fire

Universal Transverse Mercator
Vegetation Hazard Class

Wind Reduction Factor
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8.4. Phoenix Summary (Extract from Phoenix Technical Reference Guide)
What is Phoenix

Phoenix is a bushfire characterisation model that integrates fuel, terrain, weather conditions and
suppression to simulate a fire's development and progression in the landscape. It is used by land and fire
managers to support fire management and land-use planning and to support decision making during
bushfires.

Phoenix is a mechanistic continuous, dynamic, empirically based model that simulates fire characteristics
such as fire spread, flame height, intensity, size and ember density and stores the results in a database
(using spatially gridded data) and can also simulate some the effects of suppression efforts and the impact
of fire on various values and assets.

At a minimum, Phoenix requires fuel data as an input. However, there are several inputs, including terrain,
weather, suppression, fire history and assets that are required for realistic simulations. These inputs must
be prepared correctly in a spatial format.

Phoenix produces a range of outputs including fire spread, intensity, flame height, ember density, burn
frequency and asset impact. The outputs of a simulation can be viewed in GIS, Google Earth, as images and
in spatially gridded data provided in ASCII, XML, CSV and Shapefile file formats.

How Phoenix works

Phoenix is a standalone executable program designed for operation under Microsoft Windows but can also
be easily converted to Mono to run on UNIX and LINUX operating systems. It has a graphical user interface
(GUI) but can also be controlled via command line to allow integration with other software systems. It is
standalone software that does not need to be installed and therefore can be run directly from a device such
as a USB storage device. It is also designed to support running across more than one computer (where one
computer is the master) or processor, for more complex simulations requiring more processing power.

In order to gain an overview of how the simulation process in Phoenix works, an overview is offered below
based on the Figure. A more detailed explanation is offered in Appendix 3: The Simulation Process.

Ignition time
and location

Initial buildup |
- F’erimE:ter
point spread

Convective
centres
Spotting
Tangles,
coalescence,
add points

Time step

Figure27 ¢ Simulationprocess used iRhoenixRapidFire
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To trigger a simulation the user specifies an ignition time and location. This is used to access the underlying
input layers such as fuel, terrain and weather, in order to start the fire behaviour calculations.

Each new fire (including spot fires) has an initial build-up phase. The rate of build-up is based on the
conceptual model described by Cheney (1981) modified so that the proportion of the available fine fuel and
the wind speed affecting the build-up rate of spread is related to the proportion of the build-up.

Each point on the perimeter is dealt with individually using Huygen's spread principle (Andersen et al. 1982).
Flame height is used to determine which fuel strata are incorporated in the fire behaviour. For non-
grassland fuel types, flame height and maximum spotting distance for each point are based on a modified
McArthur model (McArthur, 1967), fire intensity and spread rates are based on a unique dynamic fire
spread algorithm developed for Phoenix and a modified CSIRO grassland model (Cheney, et al., 1998) for
fuel types that have no elevated fuel component.

The convection model in Phoenix assumes that convection columns will form over the hottest areas of a
fire. It uses this information, in conjunction with (terrain modified) wind speed and direction to determine
potential ember impact patterns.

The convective strength and amount of bark fuel of each heat centre are used to determine the quantity of
embers launched and the expected travel time for the embers once aloft. Phoenix calculates the probability
of embers igniting a spot fire. Once the probability of ignition is high enough, a spot fire is initiated. Any spot
fires are run as independent fires and start by going through a build-up phase.

Perimeter expansion is modelled in discrete time steps. At the end of each time step, the fire perimeter is
checked for any 'tangles' or coalescence with another fire such as a spot fire. As a perimeter grows
additional vertices are added to the perimeter if required to keep the distance between each perimeter
point less than the size of the Fire Grid defined for the simulation.

The computational sequence is now repeated for the new time step with fuels, weather and terrain
conditions reassessed to find current conditions.

An overview of the components of Phoenix

The Figure below provides a diagrammatic overview of each of the components of Phoenix. Broadly
speaking, components are divided into:

Fire Grid. Phoenix represents and stores data against a spatial grid called the Fire Grid. The Fire Grid
is initially populated with inputs, and then outputs after the simulation.

Inputs. The user provides inputs as spatial or temporal data to support Phoenix.

Models. Phoenix accesses input data stored in the Fire Grid or other underlying data in order to run
various calculations to support the simulated fire spread and asset impacts.

Outputs. Phoenix produces a range of outputs including fire perimeters and fire characteristics
stored against the Fire Grid. Input values are also provided in the Fire Grid.

A basic diagrammatic overview of the internal models and structure of Phoenix is provided below. Should
more information than is contained in this Appendix be required, please contact us and we will provide it.
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8.5. FireSight Fuel Descriptions Table.

Vegetation Type Name

1a Normal Complex mesophyll to notophyll vine forests usually in
fertile and very wet locations

7b Lowest Deciduous microphyll vine thickets on ranges and
heavy clay alluvia in northern bioregions

1b Normal Complex mesophyll to notophyll vine forests usually
on basalt tablelands

8a Normal Wet tall open forests dominated by species such as
Eucalyptus grandis (flooded gum) or E. saligna, E. resinifera (red
mahogany), Lophostemon confertus (brush box), Syncarpia spp.
(turpentine), E. laevopinea (silvertop stringybark)

2a Normal Complex evergreen notophyll vine forests frequently
with Araucaria cunninghamii from foothills to ranges. (Tracey
1982 5a, 5b)

2b Normal Semi-deciduous mesophyll to notophyll vine forests
usually on granitic ranges

8b Normal Moist open forests to tall open forests mostly
dominated by Eucalyptus pilularis (blackbutt) on coastal sands,
sub-coastal sandstones and basalt ranges. Also includes tall open
forests dominated by E. montivaga, E. obliqua (messmate
stringybark), and E. campanulata (New England ash)

2c Normal Semi-deciduous notophyll vine forests to simple
evergreen notophyll vine forests, frequently with
Welchiodendron longivalve on northern Cape York Peninsula

2d Normal Semi-deciduous notophyll/mesophyll vine forests on
coastal ranges. (Tracey 1982 4, 5b on basalt, metamorphics and
granite)

9a Normal Moist eucalypt open forests to woodlands dominated
by a variety of species including Eucalyptus siderophloia (red
ironbark), E. propinqua (small-fruited grey gum), E. acmenoides
(narrow-leaved white stringybark), E. microcorys (tallowwood), E.
carnea (broad-leaved white mahogany), E. tindaliae (Queensland
white stringybark), Corymbia intermedia (pink bloodwood),
Lophostemon confertus (brush box)

3a Normal Evergreen to semi-deciduous, notophyll to microphyll
vine forests/ thickets on beach ridges and coastal dunes,
occasionally Araucaria cunninghamii (hoop pine) microphyll vine
forests on dunes. Pisonia grandis on coral cays

9b Moist to dry woodlands dominated by Eucalyptus platyphylla
(poplar gum) and/or E. leptophleba (Molloy red box). Other
frequent tree species include Corymbia clarksoniana (grey
bloodwood), E. drepanophylla (grey ironbark) and occasionally E.
chlorophylla

4a Normal Notophyll and mesophyll vine forests with feather or
fan palms in alluvia and in swampy situations on ranges or within
coastal sand masses

4b Normal Evergreen to semi-deciduous mesophyll to notophyll
vine forests, frequently with Archontophoenix spp., fringing
streams

9c Normal Open forests of Corymbia clarksoniana (grey
bloodwood) (or C. intermedia (pink bloodwood) or C.
novoguinensis), C. tessellaris (carbeen) fi Eucalyptus tereticornis
(blue gum) predominantly on coastal ranges. Other frequent tree
species include Eucalyptus drepanophylla (grey ironbark), E.
pellita (large-fruited red mahogany), E. brassiana (Cape York red
gum) and Lophostemon suaveolens (swamp box)

5a Normal Araucarian notophyll/microphyll and microphyll vine
forests of southern coastal bioregions

5b Normal Notophyll to microphyll vine forests, frequently with
Araucaria cunninghamii (hoop pine), on ranges of central coastal
bioregions

9d Normal Moist to dry open forests to woodlands dominated by
Eucalyptus portuensis, Corymbia intermedia (pink bloodwood), E.
drepanophylla, E. resinifera or E. reducta +/-Syncarpia
glomulifera (turpentine) or E. cloeziana (Gympie messmate) on
ranges. Also includes mixed forests with E. pellita or C. torelliana
(cadaghi) emergents and rainforest understories

5c Normal Simple to complex notophyll vine forests, often with
Agathis spp. on ranges and uplands of the Wet Tropics bioregion

5d Normal Acacia celsa / A. mangium (brown sandalwood) / A.
polystachya closed forests to open forests with mixed rainforest
species understorey includes areas regenerating after
disturbance

9e Open forests, woodlands and open woodlands dominated by
Corymbia clarksoniana (grey bloodwood) (or C. novoguinensis or
C. intermedia (pink bloodwood) or C. polycarpa (long-fruited
bloodwood)) frequently with Erythrophleum chlorostachys (red
ironwood) or Eucalyptus platyphylla (poplar gum) predominantly
on coastal sandplains and alluvia

6a Normal Notophyll vine forests and microphyll fern forests to
thickets on high peaks and plateaus of southern Queensland

6b Normal Simple evergreen notophyll vine forests to simple
microphyll vine fern thickets on high peaks and plateaus of
northern Queensland

9f Woodlands dominated by Corymbia spp. e.g. C. intermedia
(pink bloodwood), C. tessellaris (Moreton Bay ash) and/or
Eucalyptus spp. such as E. tereticornis (blue gum), frequently
with Banksia spp., Acacia spp. and Callitris columellaris (Bribie
Island pine) on coastal dunes and beach ridges

7a Severe Semi-evergreen vine thickets on wide range of
substrates

9g Moist to dry woodlands to open forests dominated by
stringybarks or mahoganies such as Eucalyptus tindaliae
(Queensland white stringybark), E. latisinensis (white mahogany),
E. acmenoides (narrow-leaved white stringybark); or E. racemosa
(scribbly gum) or E. seeana or E. tereticornis (blue gum) and
Corymbia intermedia (pink bloodwood)
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9h Dry woodlands dominated by species such as Eucalyptus
acmenoides (narrow-leaved white stringybark) (or E. portuensis
or E. helidonica), E. tereticornis (blue gum), Angophora leiocarpa
(rusty gum), Corymbia trachyphloia (yellow bloodwood) or C.
intermedia (pink bloodwood), and often ironbarks including E.
crebra (narrow-leaved red ironbark) or E. fibrosa (dusky-leaved
ironbark). A heathy shrub layer is frequently present. On
undulating to hilly terrain

chartaboma (or E. miniata (Darwin woollybutt)), on deeply
weathered plateaus and remnants

10a Dry woodlands to open woodlands dominated by Corymbia
citriodora (spotted gum)

14b Woodlands dominated by Eucalyptus tetrodonta (Darwin
stringybark) (or E. megasepala) or E. chartaboma or E. miniata
(Darwin woollybutt), with Corymbia clarksoniana (grey
bloodwood) on erosional surfaces, residual sands and
occasionally alluvial plains

10b Moist open forests to woodlands dominated by Corymbia
citriodora (spotted gum)

14c Open forests and woodlands dominated by Corymbia
nesophila (Melville Island bloodwood) usually with Eucalyptus
tetrodonta (Darwin stringybark) or E. phoenicea (scarlet gum)

11a Moist to dry open forests to woodlands dominated by
Eucalyptus orgadophila (mountain coolibah). Some areas
dominated by E. tereticornis (blue gum), E. melliodora (yellow
box), E. albens (white box), E. crebra (narrow-leaved red
ironbark) or E. melanophloia (silver-leaved ironbark)

14d Woodlands dominated by Corymbia stockeri (or C. hylandii)
and Eucalyptus megasepala (or E. tetrodonta (Darwin
stringybark)) on sandstone, metamorphic and ironstone ranges

11b Moist to dry open forests to woodlands dominated by
Eucalyptus crebra (narrow-leaved red ironbark) or E. tereticornis
(blue gum), frequently with Corymbia species or E. microneura
(Gilbert River box) on red ferrosols on undulating terrain

15a Woodlands and open forests dominated by Eucalyptus
youmanii (Youman's stringybark), E. scoparia (Wallangarra white
gum), E. caliginosa (broad-leaved stringybark) or E. melliodora
(yellow box) occurring on traprock

11c Moist woodlands dominated by Eucalyptus leptophleba
(Molloy red box) fi Corymbia papuana (ghost gum) i C. tessellaris
(carbeen)

15b Woodlands dominated by Eucalyptus conica (fuzzy box) or E.
nova-anglica (New England peppermint) or E. blakelyi (Blakely's
red gum) on alluvial plains

12a Dry woodlands to open woodlands dominated by ironbarks
such as Eucalyptus decorticans (gum-topped ironbark), E. fibrosa
subsp. nubila (blue-leaved ironbark), or E. crebra (narrow-leaved
red ironbark) and/or bloodwoods such as Corymbia trachyphloia
(yellow bloodwood), C. leichhardtii (rustyjacket), C. watsoniana
(Watson's yellow bloodwood), C. lamprophylla, C. peltata
(yellowjacket). Occasionally E. thozetiana (mountain yapunyah),
E. cloeziana (Gympie messmate) or E. mediocris are dominant.
Mostly on sub-coastal/inland hills with shallow soils

16a Open forests and woodlands dominated by Eucalyptus
camaldulensis (river red gum) (or E. tereticornis (blue gum))
and/or E. coolabah (coolibah) (or E. microtheca (coolabah))
fringing drainage lines. Associated species may include Melaleuca
spp., Corymbia tessellaris (carbeen), Angophora spp., Casuarina
cunninghamiana (river she-oak). Does not include alluvial areas
dominated by herblands or grasslands or alluvial plains that are
not flooded

12b Woodlands and open woodlands dominated by Eucalyptus
crebra (narrow-leaved red ironbark) and/or Corymbia spp. such
as C. clarksoniana (grey bloodwood), C. stockeri, C. setosa (rough
leaved bloodwood) or C. peltata (yellowjacket) on hilly terrain

16b Woodlands dominated by Eucalyptus leptophleba (Molloy
red box), and associated Corymbia tessellaris (carbeen) or C.
clarksoniana (grey bloodwood) or C. dallachiana; or dominated
by Corymbia terminalis (desert bloodwood) or other Corymbia
spp. in the Gulf Plains and Northwest Highlands bioregions. On
sandy levees

13a Woodlands and open woodlands dominated by ironbarks
such as Eucalyptus cullenii (Cullen's ironbark), E. staigeriana
(lemon-scented ironbark) or E. melanophloia (silver-leaved
ironbark) and bloodwoods such as Corymbia stockeri subsp.
peninsularis, C. clarksoniana (grey bloodwood) or C. leichhardtii
(rustyjacket)

16¢ Woodlands and open woodlands dominated by Eucalyptus
coolabah (coolibah) or E. microtheca (coolibah) or E. largiflorens
(black box) or E. tereticornis (blue gum) or E. chlorophylla on
floodplains. Does not include alluvial areas dominated by
herblands or grasslands or alluvial plains that are not flooded

16d River beds, open water or sand, or rock, frequently not
vegetated

13b Woodlands to open woodlands dominated by Eucalyptus
microneura (Gilbert River box) on shallow soils on rolling hills

13c Woodlands of Eucalyptus crebra (narrow-leaved red
ironbark), E. drepanophylla (grey ironbark), E. fibrosa (dusky-
leaved ironbark), E. shirleyi (Shirley's silver-leaved ironbark) on
granitic and metamorphic ranges

17a Woodlands dominated by Eucalyptus populnea (poplar box)
(or E. brownii (Reid River box)) on alluvium, sand plains and
footslopes of hills and ranges

13d Woodlands dominated by Eucalyptus moluccana (gum-
topped box) (or E. microcarpa (inland grey box)) on a range of
substrates

17b Woodlands to open woodlands dominated by Eucalyptus
melanophloia (silver-leaved ironbark) (or E. shirleyi (Shirley's
silver-leaved ironbark)) on sand plains and footslopes of hills and
ranges

17c Eucalyptus whitei (White's ironbark) or E. similis (Queensland
yellowjacket) woodlands to open woodlands on sand sheets

14a Woodlands and tall woodlands dominated by Eucalyptus
tetrodonta (Darwin stringybark) (or E. megasepala), with
Corymbia nesophila (Melville Island bloodwood). Occasionally E.
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18a Dry woodlands to open woodlands, dominated by
bloodwoods (Corymbia dallachiana, C. terminalis (western
bloodwood), C. plena, or C. leichhardtii (rustyjacket)) or ironbarks
(Eucalyptus quadricostata (Pentland ironbark), E. crebra (narrow-
leaved red ironbark) or E. exilipes (fine-leaved ironbark)), often
with E. acmenoides (narrow-leaved white stringybark),
Angophora leiocarpa (rusty gum) and Callitris glaucophylla (white
cypress pine) in the Brigalow Belt, on sandy plateaus and plains

23a Woodlands to low woodlands dominated by Acacia aneura
on red earth plains or sandplains (soft mulga)

23b Tall shrublands to low open woodlands dominated by Acacia
aneura on shallow red earth plains (hard mulga)

18b Woodlands dominated Eucalyptus crebra (narrow-leaved red
ironbark) frequently with Corymbia spp. or Callitris spp. on flat to
undulating plains

24a Low woodlands to tall shrublands dominated by Acacia spp.
on residuals. Species include A. shirleyi (lancewood), A.
catenulata (bendee), A. microsperma (bowyakka), A. clivicola, A.
sibirica (bastard mulga), A. rhodoxylon (rosewood) and A.
leptostachya (Townsville wattle)

18c Woodlands and open woodlands dominated by Eucalyptus
chlorophylla (or E. leptophleba (Molloy red box) on heavy soils)
frequently with Corymbia spp.; or dominated by E. tectifica west
of Burketown

24b Open shrublands dominated by Senna spp. on calcareous
residuals

18d Woodlands to low open woodlands dominated by Eucalyptus
microneura (Gilbert River box/Georgetown box) sometimes with
Corymbia spp.

25a Normal Open forests to woodlands dominated by Acacia
harpophylla (brigalow) sometimes with Casuarina cristata (belah)
on heavy clay soils. Includes areas co-dominated with A.
cambagei (gidgee) and/or emergent eucalypts

19a Low open woodlands dominated by Eucalyptus leucophloia
(snappy gum) with Triodia spp. dominated ground layer, mainly
on hills and ranges

Serious Open forests to woodlands dominated by Acacia
harpophylla (brigalow) sometimes with Casuarina cristata (belah)
on heavy clay soils. Includes areas co-dominated with A.
cambagei (gidgee) and/or emergent eucalypts

19b Low open woodlands dominated by Eucalyptus leucophylla
(Cloncurry box) or less extensively Corymbia terminalis (western
bloodwood) low open woodlands and related associations,
mainly lower slopes and valleys

Severe Open forests to woodlands dominated by Acacia
harpophylla (brigalow) sometimes with Casuarina cristata (belah)
on heavy clay soils. Includes areas co-dominated with A.
cambagei (gidgee) and/or emergent eucalypts

19c¢ Low open woodlands dominated by Eucalyptus pruinosa
mainly on sandplains, outwash areas and lateritised surfaces

19d Low open woodlands dominated by Eucalyptus persistens (or
E. normantonensis (Normanton box), E. tardecidens, E. provecta)
with Triodia spp. dominated ground layer, mainly on hills and
ranges

Lowest Open forests to woodlands dominated by Acacia
harpophylla (brigalow) sometimes with Casuarina cristata (belah)
on heavy clay soils. Includes areas co-dominated with A.
cambagei (gidgee) and/or emergent eucalypts

20a Woodlands to open forests dominated by Callitris
glaucophylla (white cypress pine) or C. intratropica (northern
cypress pine)

26a Open forests to tall shrublands dominated by Acacia
cambagei (gidgee) or A. georginae (Georgina gidgee) or A.
argyrodendron (blackwood)

21a Low woodlands and low open woodlands dominated by
Melaleuca viridiflora (coarse-leaved paperbark) on depositional
plains

27a Low open woodlands dominated by a variety of species
including Acacia tephrina (boree), Atalaya hemiglauca
(whitewood), Archidendropsis basaltica (eastern dead finish),
Ventilago viminalis (supplejack) and Lysiphyllum spp.

21b Low open woodlands and tall shrublands of Melaleuca
citrolens or M. stenostachya or other Melaleuca spp.

27b Low woodlands of a variety of species including Lysiphyllum
cunninghamii, Grevillea striata (beefwood), Atalaya hemiglauca
(whitewood) occurring on sandplains. (Bylong land system)

22a Open forests and woodlands dominated by Melaleuca
quinquenervia (swamp paperbark) in seasonally inundated
lowland coastal areas and swamps

27c Low open woodlands dominated by a variety of species
including Grevillea striata (beefwood), Acacia spp., Terminalia
spp. or Cochlospermum spp.

22b Open forests and low open forests dominated by Melaleuca
spp. (M. viridiflora, M. saligna, M. leucadendra (broad-leaved
tea-tree), M. clarksonii or M. arcana (winti)) in seasonally
inundated swamps

28a Complex of open shrublands to closed shrublands,
grasslands, low woodlands and open forests, on strand and
foredunes. Includes pure stands of Casuarina equisetifolia
(coastal she-oak)

22c Open forests dominated by Melaleuca spp. (M. argentea
(silver tea-tree), M. leucadendra (broad-leaved tea-tree), M.
dealbata (swamp tea-tree) or M. fluviatilis), fringing major
streams with Melaleuca saligna or M. bracteata (black tea-tree)
in minor streams

28b Open forests to woodlands dominated by Acacia crassicarpa
(brown salwood) or other Acacia spp. with Syzygium spp.,
Corymbia spp. and/or Parinari nonda (parinari)

28c Low open forests dominated by Asteromyrtus brassii,
Neofabricia myrtifolia, Allocasuarina littoralis (woolly oak),
Melaleuca viridiflora (coarse-leaved paperbark) on sandplains
and plateaus; or Acacia brassii low open forests or Melaleuca
viridiflora low woodlands on ranges; or Thryptomene oligandra i
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Neofabricia mjoebergii fi Melaleuca viridiflora woodlands on
drainage depressions

28d Sand blows to closed herblands of Lepturus repens (stalky
grass) and herbs on sand cays and shingle cays

Leptocarpus tenax / Gahnia sieberiana (sword grass) / Lepironia
spp. Includes small areas of estuarine wetlands

28e Low open forests to woodlands dominated by Lophostemon
suaveolens (swamp box) (or L. confertus (brush box)) or
Syncarpia glomulifera (turpentine) frequently with Allocasuarina
spp. on rocky hill slopes

34d Palustrine wetlands. Freshwater swamps or billabongs on
floodplains ranging from permanent and semi-permanent to
ephemeral

34e Palustrine wetlands. Springs with water dependent herbs

29a Open heaths and dwarf open heaths on coastal dunefields,
sandplains and headlands

34f Palustrine wetlands. Sedgelands/grasslands on seeps and
soaks on wet peaks, and other coastal non-floodplain features

29b Open shrublands to open heaths on elevated rocky
substrates

30a Tussock grasslands dominated by Astrebla spp. (Mitchell
grass) or Dichanthium spp. (bluegrass) often with Eulalia aurea
(silky browntop) on alluvia

34g Palustrine wetlands. Generally intermittent
swamps/claypans on floodplains in inland areas dominated by
chenopods e.g. Chenopodium auricomum (Queensland blue
bush) or Tecticornia spp. (sampbhire) or herbs

35a Closed forests and low closed forests dominated by
mangroves

30b Tussock grasslands dominated by Astrebla spp. (Mitchell
grass) or Dichanthium spp. (bluegrass) often with Iseilema spp.
on undulating downs or clay plains

35b Bare saltpans +- areas of Tecticornia spp. (samphire) sparse
forblands and/or Xerochloa imberbis or Sporobolus virginicus
(sand couch) tussock grasslands

31a Open forblands to open tussock grasslands which may be
composed of Atriplex spp. (saltbush), Sclerolaena spp. (burr),
Asteraceae spp. and/or short grasses on alluvial plains

Sparsely vegetated areas associated with mangroves and tidal
saltmarshes

31b Short grass / forb herblands to sparse tussock grasslands on
stony downs

Exotic & hardwood plantation

Hardwood plantations

32a Closed tussock grasslands dominated by Eriachne spp.,
Fimbristylis spp., Aristida spp. or Panicum spp.; or Themeda
arguens, Dichanthium sericeum (Queensland bluegrass) or
Imperata cylindrica (blady grass) on marine and alluvial plains

Continuous dryland cropping and horticulture

Discontinuous irrigated cropping and horticulture

32b Closed tussock grasslands and associated open woodlands
on undulating clay plains, upland areas and headlands. Dominant
species include Heteropogon triticeus (giant speargrass) or
Themeda arguens or Sarga plumosum or Imperata cylindrica
(blady grass) or Mnesithea rottboellioides (cane grass) /
Arundinella setosa. With areas of open woodland dominated by
tree species such as Corymbia papuana (ghost gum) / Terminalia
spp. / Vachellia ditricha / Piliostigma malabaricum

Low to moderate tree cover in built-up areas

Continuous low grass or tree cover

Discontinuous low grass or tree cover

Nil to very low vegetation cover

33a Hummock grasslands dominated by Triodia basedowii (hard
spinifex) or Zygochloa paradoxa (sandhill canegrass) associations
on dunefields or sandplains

Urban

Cereals 1

33b Hummock grasslands dominated by Triodia pungens or T.
longiceps (giant grey spinifex) or T. mitchellii (buck spinifex)
sandplains or lateritic surfaces

Cereals 2

Cereals 3

34a Lacustrine wetlands. Lakes, ephemeral to permanent, fresh
to brackish; water bodies with ground water connectivity.
Includes fringing woodlands and sedgelands

Pine Plantations 1

Pine Plantations 2

34b Palustrine wetlands. Generally intermittent
swamps/claypans (non floodplains) in inland areas dominated by
chenopods e.g. Chenopodium auricomum (Queensland blue
bush) or Tecticornia spp. (sampbhire) or herbs

Pine Plantations 3

Pine Plantations 4

34c Palustrine wetlands. Freshwater swamps on coastal
floodplains dominated by sedges and grasses such as Oryza spp.,
Eleocharis spp. (spikerush) or Baloskion spp. (cord rush) /

Pine Plantations 5

Pine Plantations 6
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8.6. Conceptual Fuel Mapping Process

Provides the base level vegetation type and

extent that was native before Europeans

Provides updated allocation of Fuel ID by current vegetation

Qspatial - 2016
Owner: DES

279 Cereals 1

280 Coreals 2

281 Coreals 3

282 Pine Plantations 1
283 Pine Plantations 2
284 Pine Plantations 3
285 Pine Plantations 4
286 Pino Plantations 5
287 Pino Plantations 6
288 Forest 1

289 Forest 2

290 Forest 3

291 Forest 4

292 Sugar Cano

293 Orchard

294 Vineyard

295 Easemont

296 Grazing and Pasture
297 Cropping

group, anything not covered left as pre-cleared type

Intermediate Combined Data - 1
Fuel ID's 1 thru 300

Step 2
Refine to Latest
Veg Groups

Intermediate Combined Data - 2
Fuel ID's 1 thru 300
Updated to Current Veg Group

Intermediate Combined Data - 3

Goto National / Common Final

Fuel ID's 1 thru 300
Updated plantations and other novel land uses Process Steps
Qspatial - 2015
Owner: QFES
269 Sparsely aroas with g and tidal saltmarshos

270 Exotic & hardwood plantaton

298 Grain Fiold 271 Hardwood plantations
299 Mineing, Quarries and Mineral 272 Continuous dryland cropping and horticulture
300 Horticulture 273 Discontinuous irrigated cropping and horticulture

274 Low to moderate reo cover in built-up areas
275 Continuous low grass of 1ree covar

276 Discontinuous low grass or ree cover

277 Nil to very low vegetation cover

278 Urban

Figure30 ¢ ConceptuaFuel Mapping Process

Weather NOTES For the 10% AEP max FFDI for Mt Nebo
BARRA 2 1980 to 2024

3 dates for the 10% AEP at Mt G and N.
1988-10-22
2019-12-16
2019-11-08

FFDI for the Mt G and N average is 60

Cell in the middle is 56, cell some distance SW 80, and the one above 70
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