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Active and engaged global members

Trevor Howard
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2026 is an active year for IAWF conferences
across the globe.

It began with the 4th International Smoke
Symposium in March in Tallahassee, Florida.

In April we welcomed a record 465
delegates to the 8th Fire Behaviour and
Fuels Conference in Hobart, Australia.

These Conference Proceedings provide a
summary of the activities and a valuable
resource for future learning.

Other events throughout 2026 include the
Wildland Fire Canada Conference in Saskatoon,
Saskatchewan, in October, the 19th
International Wildland Fire Safety Summit in
Coimbra, Portugal, and the UK Wildfire
Conference in Leeds. The IAWF will also be a
partner in other conferences and events in
various parts of Europe as well as Australia. A
full program of planned Events is on our
website.

These activities align with our mission to
facilitate communication and provide
leadership for the global wildland fire
community.

Our conferences offer scientific and technical
knowledge, education, networking and
professional development that is highly valued
by our members and partners in the
international wildland fire community.

The IAWF is an active global network, with
international partners and connected wildland
fire communities. You are an important part of
that.

If you have benefited from conferences, such
as this one in Hobart, our networking events or
our knowledge sharing activities please
consider joining us as a member. By becoming
an active member of this association we are
confident that you will see the value being
connected to with others with similar interests
in wildland fire from around the world.

Join us - become an IAWF Member. Be a part
of something bigger!

IAWF members are a diverse and multi-skilled
group from global wildland fire management
sectors including:
e Operations and aviation
e Research and policy, climate change,
environment, economics, sustainability
e Technology, innovation
e Communities, education, Indigenous
cultures and public safety
e NGOs and government.

We had 17 sponsors and exhibitors supporting
this conference and we thank them for their
participation. It was obvious that many
delegates took the time to see what they had
to offer and the innovative work they are
doing. Without such support, a conference of
this size and scope would not be possible.

For more IAWF activities and opportunities |
encourage you to sign up to our regular
newsletter, follow us on social media, read our
online news resource Wildfire Today, and learn
from our International Journal of Wildland Fire.

All the details are on our website -
iawfonline.org
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About the conference

The 8th Fire Behaviour and Fuels Conference was
the largest to date, with 465 attendees from
Australia, New Zealand, New Caledonia, the US,
Canada, South Korea, the UK, France, Spain,
Portugal, Greece, Belgium, India, Japan, Nigeria,
Bangladesh, and more. The event successfully
brought together researchers, fire practitioners,
managers, and policy makers from around the
globe.

The four-day program, developed by the
Organising and Program Committee, featured daily
keynote presentations by leading experts,
including Amanda McKenzie, Rob Clifton and David
Bowman. In response to positive feedback from
past conferences, each day included two engaging
panel sessions on a variety of important topics,
offering insights from numerous experts.

Sarah Harris and Chris Collins
Conference co-chairs

A record number of over 300 abstract submissions resulted in more than 150 talks—a
combination of 20-minute and lightning 5-minute presentations - and 96 posters, marking the
largest poster display in the conference's history. Delegates were encouraged to view the
posters and engage with their creators. AFAC coordinated several awards, including a people’s
choice award for posters.

The conference also hosted the IAWF Mentor Program, providing valuable support and
guidance to members, and featured 17 exhibitors showcasing their innovative products and
services for the sector.

Steering Committee Program Committee
e Sarah Harris, Co-Chair, Country Fire e Perpetua Turner, Chair, Tasmania Fire Service.
Authority Hon Res Assoc. University of Tasmania
e Chris Collins, Co-Chair, Tasmania Fire e Thomas Duff, Country Fire Authority, Victoria
Service e Rowena Morris, Natural Hazards Research
e Trevor Howard, IAWF Australia

e Alen Slijepcevic, Country Fire Authority

e Zoe Kenyon, Australian Fire Authorities
Council

e Katy Edwards, Parks Tasmania

e Perpetua Turner, Tasmania Fire Service

Paul Fox-Hughes, Bureau of Meteorology
Mark Chladil, Tasmania Fire Service

Grant Williamson, University of Tasmania
Kathleen Beyer, University of Tasmania
Simeon Telfer, Country Fire Service, South

e Vaia Smirneos, Natural Hazards Research Australia. RMIT University
Australia e Hamish Clarke, University of Melbourne

e Dean Sheehan, Sustainable Timber e Thomas Courto, Parks and Wildlife Service,
Tasmania Tasmania

e Mikel Robinson, IAWF
e David Bruce, IAWF




About the conference

The International Fire Behaviour and Fuels conference occurs every few years, and often
simultaneously on different continents, as a gathering for the best science that can be applied
to varied wildfire environments around the world.

The first Fire Behaviour and Fuels conference in 2006 was in a single city but the event soon
expanded to multiple settings:
e 2006 Portland, USA
2013 St Petersburg, Russia, and Raleigh, USA
2016 Melbourne, Australia, and Portland, USA
2019 Sydney, Australia, Albuquerque USA, and Marseille France
2024 Canberra, Australia, Tralee, Ireland, and Boise, USA.
2026 Hobart, Tasmania, Australia

This conference showcases how different countries are implementing newly developed fire
management policies and frameworks at national, regional and local levels to address fire
risks and to build resilience.
e The conference format usually includes:
Pre-conference workshops
Multiple conference streams across three days
A day of field trips
An exhibition floor for new innovations, products and services

This meeting of policy makers, scientists, fire managers and indigenous land stewards is a
valuable opportunity to be involved in this highly anticipated event.




Welcome to Hobart

Fire, in its essence, is about connecting people with place, past with future, ground to air. The 8th International
Fire Behaviour and Fuels conference began with a Welcome to Country from Trawlwoolway man Todd
Sculthorpe, who asked everyone to think about knowledge that respects and understands fire. Here is his
Welcome to the 470 delegates.

Ya pulingina, hello and welcome.

My name is Todd Sculthorpe. | stand before you as a proud Trawlwoolway man, carrying a
lineage that stretches back through my ancestors to Fanny Cochrane-Smith, and her parents
Tanganutra and Nicerminic and their parents and so on. Their lives, their resilience, and their
deep relationship with Country live on in me, and it is with that good spirit and with deep
respect that | welcome you all here today to Nipaluna, Hobart.

This land was traditionally the lands of the Muwinina people, they cared for this country
nestled between the feet of Kunanyi/Mt Wellington and the shores of Timtumili Minanya/the
River Derwent. From as far down the southeastern coast to the Kingborough region and as far
north as the Derwent valley they cared for country, introduced vital life-giving burning that has
shaped this landscape. As a community we feel their absence deeply because with them went
generations of cultural knowledge and a deep relationship with country. But they will not be
forgotten by us the Palawa community and because of that they will continue to live on in our
hearts and our intentions to respect and care for country.

| pay respects to my community the Palawa people, the Tasmanian Aboriginal community, as
the enduring custodians of this land Lutruwita. | pay my respects to our Elders past and
present and to those that did not survive the impacts of invasion. | extend that respect to any
first nations people here today, to your elders and families and all delegates and presenters.

You have come here as fire practitioners, scientists, land managers, thinkers, and knowledge
holders from across the world. You have come to talk about fire, its behaviour, its fuels, its
risks, its science. But here, on this island, fire is more than a phenomenon to be studied. It is a
relationship. It is a language. It is a practice of care.



For Palawa people, fire has always been part
of how we understand and live with Country.
It is not something separate from us, it is
something we move with, something we
listen to, something we carry responsibility
for.

When we speak about cultural burning, we
are not simply speaking about a technique
or a management strategy. We are speaking
about a way of seeing the world, where fire
is guided by knowledge passed down over
tens of thousands of years. Knowledge built
through observation, through story, through
practice, and through deep, enduring
connection.

Fire, in this sense, is not destructive. It is
regenerative. It is purposeful. It is relational.
It clears, but it also reveals.

It burns, but it also heals.

It transforms, but it also connects.

And importantly, it is never applied in
isolation, it is always part of a broader
understanding of Country: the seasons, the
winds, the animals, the plants, and the
people.

In Lutruwita, our ancestors used fire
carefully and intentionally. They read the
landscape in ways that science is still
catching up to, understanding when to burn,
where to burn, and when to let Country rest.
These practices shaped ecosystems over
tens of thousands of years, creating mosaics
of vegetation that greatly reduced the risk
and intensity of wildfires and supported
biodiversity.

Today, many of the landscapes you study,
many of the fuel loads you model, are the
result of disrupted relationships with fire.
When cultural burning was interrupted,
when people were removed from Country,
fire did not disappear. It changed. It built up.
It became something more dangerous, more
unpredictable. And we have seen the impact
of this not just here in Lutruwita and not just
in Australia but globally.

And that brings me to where we find
ourselves now.

We are living in a time where fire is
increasingly framed as a global crisis. We see
it in the headlines, megafires,

But perhaps what we are really seeing is not
just a fire problem, but a relationship
problem.

A disconnection.

A forgetting.

A loss of balance between people, fire, and
Country.

If I can offer a metaphor, think of the world
right now as a landscape carrying a heavy
fuel load. Not just physical fuels, but social,
political, and environmental tensions.
Climate change, biodiversity loss, inequality,
conflict, all of these are like dry tinder
accumulating over time.

And when the right, or perhaps we should
say the wrong, conditions come together,
those tensions can ignite. Sometimes slowly,
sometimes suddenly. Sometimes in ways we
expect, and often in ways we don't.

We are living in a time of unpredictable
ignition.

And just like wildfire, once something starts,
it can spread rapidly, crossing boundaries,
overwhelming systems, and challenging our
ability to respond.

But we know, from fire, that unpredictability
does not mean uncontrollability.

It means we need deeper understanding.

It means we need better relationships.

It means we need to pay attention to the
conditions we are creating.

And that is why conferences like this matter.

Because just as fire moves across
landscapes, knowledge must move across
communities.

You have come together here, from different
countries, disciplines, and perspectives, to
share what you know. To respectfully
challenge each other. To learn. To innovate.
And in that coming together, there is great
strength.

But | would encourage you to think about

this not just as an exchange of information,

but as an opportunity to build relationships,

relationships with each other, and

relationships with the places you work.

Because knowledge without relationship can
5 only take us so far.



Cultural burning teaches us that the most
important question is not just “How do we
burn?” but “Why do we burn?” and “Who are
we in relation to this place?”

It asks us to slow down.

To observe.

To listen.

To be guided, not just by data, but by
responsibility.

And it reminds us that fire is not just a tool, it
is a teacher.

Here in Lutruwita, we are in a time of
renewal. There is a growing recognition of the
importance of cultural burning practices, and
a re-emergence of Aboriginal leadership in
caring for Country. But this work is not about
going backwards, it is about bringing together
knowledge systems.

o offer another cultural analogy,

It is about weaving.

Weaving together Palawa knowledge and
Western science.

Weaving together long-term observation and
modern technology.

Weaving together community, policy, and
practice.

And like any weaving, it requires care,
patience, and respect.

Because not all threads are the same.

Not all knowledge is held in the same way.
And not all voices have been equally heard.
So as you move through this conference, |
invite you to think about what you are
contributing to that weave.

What knowledge are you bringing?

What knowledge are you open to receiving?
And how are you ensuring that the
relationships you build here are grounded in
respect and reciprocity?

Because the challenges we face, whether
they are wildfires, climate change, or
broader global uncertainties, cannot be
addressed by any one group alone.

They require collective effort.

They require humility.

They require us to recognise that no single
system of knowledge holds all the answers.
Fire, in its essence, is about connection.

It connects the ground to the air.

It connects the past to the future.

It connects people to place.

And in many ways, this conference is a fire in
itself, a coming together of energy (physical
and intellectual) and potential.

So, my question or my challenge if you will
indulge me is, what will you do with that
energy?

Will it burn quickly and fade?

Or will it be tended carefully, like a cultural
burn, creating space for new growth,
strengthening connections, and leaving the
landscape healthier than before?

That choice sits with all of us.

Before | close, | want to return to where |
began, with my ancestors.
Fanny Cochrane, Tanganutra, Nicerminic.

They lived through times of immense
change, upheaval, and loss. They witnessed
the disruption of Country and culture in
ways that



Connection endured.

Responsibility endured.

| stand here because of that endurance.

And | speak to you today with that same sense of responsibility, to ensure that what we pass
on to future generations is not a landscape of crisis, but a landscape of care and of respect.
A landscape where fire is understood, respected, and used wisely.

A landscape where knowledge is shared, not siloed.

A landscape where people come together, not just in times of emergency, but in ongoing
relationship.

So in that spirit of care and respect, | welcome you to Nipaluna.

| welcome you to Lutruwita.

| welcome you to this gathering.

May your time here be meaningful.

May your conversations be respectful.

May your learning be deep.

And may the knowledge you carry forward help create a better, more balanced relationship
with fire and with the world we all share.

Nayri nina-tu (thank you).




Keynote Speakers

Amanda McKenzie, CEO Climate Council

Amanda McKenzie is a leading Australian climate advocate and co-
founder of the Climate Council, which she has led as CEO since
2013. Under her leadership, the Council has become a powerful
and trusted voice on climate action driving campaigns to change
public opinion and national and state policy.

David Bowman, ARC Laureate Fellow Professor of
Pyrogeography and Fire Science Director of the Fire
Centre, The University of Tasmania

Professor David Bowman is an Australian Research Council
Laureate Fellow and the Director of the transdisciplinary Fire
Centre at the University of Tasmania, where he holds a
research chair in Pyrogeography and Fire Science. He is
recognised as a thought leader in wildfire science and
management publishing influential research in high-impact
journals, providing policy advice to government, and serving as
an expert media commentor.

Robb Clifton

Director Field and Traverse Operations Australian
Antarctic Division

Robb is the Director Field and Traverse Operations at the
Australian Antarctic Division responsible for delivering these
operations in Antarctica and the Southern Ocean as part of
Australia’s Antarctic Program. Robb has deployed to Antarctica 15
times. Previously, he was an officer in the Australian Defence
Force including in the Special Air Service Regiment. He was the
Director Joint Operations and Plans with the ACT Emergency
Services Authority and a Senior Ranger with Queensland Parks
and Wildlife, including incident controller for bushfires.




Workshops

#1 Big Weather Data for Fire Management

Instructors: Simon Louis and Paul Fox-Hughes, Bureau of Meteorology

This workshop introduced participants to the newly released second generation of BARRA, the
Bureau of Meteorology Regional Reanalysis for Australia, and the developing BARPA climate
projection suite. These high-resolution datasets offer powerful tools for examining weather
and climate phenomena relevant to fire management and anticipating future changes.
Through short vignettes showcasing existing applications, participants will explore how these
resources can be applied, extended, and adapted to support fire and emergency management.
The session emphasized collaborative learning, identifying new opportunities for use, and
addressing potential barriers, with the goal of strengthening the community’s ability to draw
meaningful insights from these rich datasets for improved fire management strategies.

#2 Igniting research - Fire Behaviour and Fuels research translation workshop
Instructors: Dr Rowena Morris NHRA

This workshop introduced attendees to the approaches and processes used by Natural
Hazards Research Australia (NHRA) to translate and implement fire behaviour and fuel science
into practice. Our end-user driven model ensures NHRA scientists focus on real-world
challenges identified by participants, making research outcomes practical and impactful. The
session was designed for operational staff, researchers, and educators who want to share
insights and learn effective strategies for applying the latest fire behaviour and fuels research.
It was an opportunity to connect, collaborate, and explore how research outputs can make a
tangible difference. This workshop helped summarise and make sense of the numerous
presentations delivered at the 8th International Fire Behaviour and Fuels Conference,
providing a clear picture of key themes and actionable takeaways.

#3 Measuring fire management effectiveness using performance indicators
Instructor: Lachie McCaw - Forestry Australia’s fire management committee

This workshop aimed to strengthen effective reporting on fire management by using the
Australian National Bushfire Management Policy as a guiding framework. It brought together
public land managers, rural fire agencies, local governments, private conservation groups, First
Nations land managers, environmental auditors, and national reporting bodies such as DAFF
and AFAC. The program included presentations on policy and KPI frameworks, a review of
current reporting practices across jurisdictions, and case study analyses to highlight barriers
and potential solutions. Through these discussions, participants collaboratively developed

recommendations to improve reporting protocols and ensure timely, consistent, and effective
evaluation of fire management outcomes.

#4 Navigating the Social Dimensions of Cascading and Compounding Disasters,

Instructors: Blythe McLennan, Isabel Cornes, Claire Leppold, Lisa Gibbs. AIDR and Uni
Melbourne

This half-day workshop examined the social and community impacts of cascading and
compounding disasters, such as successive fire seasons and floods, and how they shape the
operating environment for land management, preparedness, and fire response professionals.
Through case studies, discussions, and practical frameworks, participants explored the lived
experiences of communities navigating recovery while facing new threats, and learn strategies
to recognize and respond to complex social contexts that affect resilience, vulnerability, and
engagement. Featuring presentations from diverse speakers, group discussions, and breakout
activities, the session was designed for fire planners, community preparedness staff, frontline
fire agency personnel, and state and local gov%rnment workers, equipping them to integrate
recovery-aware approaches into planning and response.



Field Trips

#1 Applied pyrogeography: from field to laboratory

This immersive field trip showcased how the University of Tasmania's Fire Centre is tackling the
problem of sustainable coexistence with fire in the wildland-urban interface. Participants were
guided through a series of linked modules from landscape-scale fuel management
experiments to controlled laboratory studies of flammability and smoke exposure.

The morning session began with a field tour of the Queens Domain and the UTAS Reserve,
where the Fire Centre and City of Hobart are collaborating on natural and controlled
experiments addressing woody thickening, elevated fire hazard, and biodiversity decline in
eucalyptus woodlands. Participants saw first-hand how experimental fuel treatments, including
mechanical thinning and prescribed burning, are being used to test strategies for ecologically
engineering safer, more resilient ecosystems at the wildland-urban interface.

The afternoon session was at FireLab3, a purpose-built laboratory designed to investigate
vegetation flammability and smoke emissions. Attendees observed demonstrations quantifying
(i) the flammability of key species found at the field sites and (ii) and the demonstration of
smoke exposure experiments that can involve human participants, plants, animals and cell
lines, in a specially designed laboratory.

Together, the field trip illustrated a diverse spectrum of applied pyrogeography, from living
landscapes to controlled experiments, highlighting how integrated science is shaping the
future of fire management.

#2 Kunanyi/Mt Wellington Bushfire Risk Management

Step into the rugged beauty of Kunanyi / Mount Wellington while gaining firsthand insight into
how Tasmania manages one of its most significant natural hazards: bushfire risk. This field trip,
hosted by Tasmania Parks and Wildlife Service, blended stunning landscapes with real-world
learning, offering participants a rare opportunity to see how science, planning, and on-ground
operations come together to protect communities, ecosystems, and cultural values.
Guided by experts in fire ecology and emergency management, delegates explored key sites
across the mountain to uncover:
e Fuel management strategies - including planned burning techniques, vegetation
assessments, and fuel-load monitoring
e Ecological impacts of fire - how fire shapes Tasmanian bushland and how land managers
balance protection with conservation
¢ Risk reduction for communities - the role of firebreaks, access routes, early-warning
systems, and preparedness planning
e Modern tools and technology - mapping, modelling, and real-time decision-support
systems used during bushfire events
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#3 Aerial Fire ISR Demonstration - Cambridge Airport

Microflite Aviation showcased two specialised aerial intelligence aircraft at the forefront of
Australia’s airborne fire detection, surveillance and mapping capability. This took place at
Cambridge Airport - a critical hub for Tasmania’s firefighting, search and rescue, and
emergency services aviation fleet.
On display were:

e A Pilatus PC-12 Firescan aircraft, configured for wide-area intelligence collection, fire

mapping and situational awareness
e Tasmania's Firebird 700 Aerial Intelligence helicopter, delivering real-time ISR to support
operational decision-making during fire and emergency events

These two aircraft demonstrate the power of modern airborne ISR (Intelligence, Surveillance
and Reconnaissance) — integrating advanced electro-optical and infrared sensors, stabilised
imaging systems, live data downlinking and geospatial overlays to provide operational teams
with a clear, real-time picture of fire behaviour, hotspots and asset exposure.
This field trip offered participants a rare opportunity to view specialised fire intelligence aircraft
up close, engage with the crews who operate them, and explore the integrated systems that
connect airborne ISR with state and national fire management operations. Designed as an
immersive and operationally focused conclusion to the conference, this experience brings fire
behaviour science out of the lecture theatre and into the operational environment where it is
applied every day.
Microflite Aviation operates up to 10 aircraft on contract during fire seasons across Tasmania,
Victoria, the ACT and Queensland, contributing to Australia’s national aerial firefighting fleet.

I



Awards

Kelsey Tarabini - the recipient of the 2026 Early Caree
Award in Fire Operations.

Kelsey, a Bushfire Risk Analyst with the Department
of Energy, Environment and Climate Action in
Victoria, Australia, was presented with her award by
IAWF President Trevor Howard and IAWF Director
Sarah Harris.

Kelsey's experience spans fuel management,
emergency intelligence, and nationally coordinated
research with practitioners and academics. Kelsey
represents an emerging generation of fire
practitioners integrating science, risk modelling and
frontline experience.

This award recognizes a promising early-career
professional who has demonstrated outstanding
ability in any field of wildland fire operations.

Flammability in New Caledonia wins

Congratulations to Vaea Lefeuvre (pictured, centre),from New Caledonian Agronomic Institute,
for the winning Poster at our 8th International Fire Behaviour and Fuels conference.

The judges chose Vaea's poster for its design and message simplicity on green fire breaks in
New Caledonia “Linking Functional Traits to Shoot Flammability”.

The 93 posters on display made it our biggest exhibition. It was inspiring for the 465 delegates
to view what fire research and operations are happening beyond the 174 oral talks at the
conference.

The popular People’s Choice award went to Aiden Galpin and Grant Reibel from the South
Australian Country Fire Service on tackling SA’'s Bushfire Threat.

Highly honourable mentions went to Adam Leavesley and team ACT Parks and Conservation
Service and Fenner School of Environment and Society with a poster on fires in the ACT Orroral
Valley, and to Mia Callaway also Fenner on 3D mapping of fuel moisture.

12
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Panels

Fire and Climate Risk: Amanda McKenzie, CEO Climate Council | Mika Peace, Fire
Meteorology Research Scientist, Bureau of Meteorology | Tegan Brown, Applied Fire Scientist,
DEECA | Grant Williamson, Senior Research Fellow, School of Natural Sciences, University of
Tasmania | Timothy Brown, Research Professor, Desert Research Institute.

Chair: Hamish Clarke, Associate Professor, University of Melbourne.

Working as one - Country and Culture: NSW Graham Moore, Yuin Elder and Senior Scientist,
Cultural Science, Science and Insights Division, NSW Department of Climate Change, Energy,
the Environment and Water. Tom Robinson, Levi Lovett, DEECA VIC Little Desert team.

Chair: Gregory Summerell, NSW DCCEEW.

Social License: Bethany Hannah, Executive Director, Wildfire International | Robb Clifton,
Director Field and Traverse Operations, Australian Antarctic Division | Steve Whiteley, Chair,
Tasmania State Fire Commission | Rebecca Walker, Partnerships Manager, Parks Victoria.
Chair: Blythe McLennan, Manager, Knowledge Development at the Australian Institute for
Disaster Resilience

Future Fire - Integrating Al and Advanced Technologies in Bushfire Management - Global
insights Panelists: Marta Yebra, Professor, ANU | Karen O'Connor, Earth Fire Alliance | David
Saah, Professor/Managing Principal, USF/SIG | Adrian Cardil, Director of Fire Science,
Technosylva Inc | Alen Slijepcevic, Country Fire Authority.

Chair: Sandy Whight, Executive Director National Capability, AFAC

Bushfire Risk Meets the Housing Crunch: Rethinking Land Use and Liability in Climate
Change David Bowman, The University of Tasmania | Phillipa McCormack, Australian Research
Council DECRA Fellow, Adelaide University | luliia Shustikova, Moody's | Laura Gannon,
Director, Meridian Urban | Raphi Blanchi, CSIRO.

Chair: Melissa O'Haloran, Manager Bush Fire Risk Planning, NSW Rural Fire Service

Igniting Ideas: Generational Insights of Fire Science: Kelsey Tarabini, DEECA, Victoria, Dr
Kerryn Little, University of Birmingham, UK, Dr Chloe Begg, CFA, Victoria Marty McLaughlin,
QPWS, Queensland & Chair AFAC RLMG, Neil Cooper, NBIC, ACT, Simeon Telfer, CFS, South
Australia.

Chair: Trevor Howard, IAWF President & National Manager, Prescribed Burning Strategy, AFAC.
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Atmosphere - Fire interactions - Oral Presentations

Assessing the potential for fire-generated thunderstorms. Operationalising
research to protect firefighters

Presenter: David Field, Zach Berry-Porter, NSW Rural Fire Service

Co-authors: Zach Berry-Porter, Embedded Meteorologist - NSW Rural Fire Service,
Bureau of Meteorology)

Fire-generated thunderstorms can be exceptionally dangerous both to firefighters
and members of the public. It is essential that their formation is anticipated and
appropriately warned for. This presentation outlines a method the RFS and Bureau
of Meteorology have developed to: assess the potential for fire-generated
thunderstorms to occur and control the risks associated with their development.
This presentation leverages research by Tory and Kepert (2020), and is a fantastic
example of how both fire and weather specialists (fire behaviour analysts and
meteorologists) can collaboratively use available science to enhance operational
readiness and improve safety outcomes.

Meteorological Analysis and Reconstruction of the July 2022 Wildfire in the
Northern Adriatic

Presenter: Jasmina Dobranic, Croatian Meteorological and Hydrological Service
Co-authors:

Weather is a crucial factor in the development of wildfires and significantly
influences their rate of spread. Many of the destructive wildfires along the Adriatic
coast are primarily wind-driven, and in recent decades both their frequency and
size have increased due to climate change. The aim of this study is to analyse the
meteorological conditions during the wildfire that occurred on the northern Adriatic
coast of Croatia (the Istrian Peninsula) in July 2022 and to link the prevailing
weather conditions with the observed fire behaviour. The local fire department's
operational data served as the foundation for the reconstruction of fire behaviour
in this case, while weather analysis was based on observed and simulated surface
and upper-air conditions at local and synoptic scales using the operational
ALADIN/HR model. The wildland-urban interface (WUI) wildfire near Pula was
influenced by a combination of meteorological factors, including a strong bora
(northeasterly) wind and very dry conditions. Several hours before ignition, a
moderate to strong bora wind with occasional severe gusts, combined with the



preceding passage of the western flank of an upper-level trough, contributed to the
rapid initial spread of the wildfire, while a subsequent decrease in wind speed and
a shift in wind direction facilitated its containment. These findings, together with
previous research, can support the development of wildfire warning and protection
systems across Istria and the wider Adriatic region. Given the observed increase in
wildfire occurrence, detailed meteorological analyses are essential for identifying
recurring patterns and enabling faster and more effective management.

How large is the Deadman Zone in complex fire scenarios?
Presenter: Kevin Tory, Bureau of Meteorology

The deadman zone has been described as the distance a line fire can travel in five
minutes (Cheney et al. 2001). Inside this zone firefighters engaged in parallel or
indirect attack do not have sufficient time to find safe refuge if the wind direction
changes. While new technology and data availability has improved our
understanding and real-time awareness of fire threat since 2001, the deadman
zone concept remains relevant. Firefighter safety in the deadman zone is
dependent on a range of factors, including knowledge of potential fire spreadrates,
and crew awareness of possible wind changes. In an ACCESS-Fire simulation of the
Currowan fire complex, numerous fires burned with varying intensity and spread
rates. This was one of the most impactful fires of Black Summer. In the simulation,
flank fires periodically flared up with an accompanying outward acceleration, in the
absence of a predictable wind change. Later, on a forecast wind change, as a 10-km
flank fire transitioned to a head fire, a 3-km section experienced extreme winds
generating a fire spread rate of about 8—10 kilometres per hour, on flat ground.
This corresponds to a deadman-zone distance of about 670-830 m, which is 2—3
times greater than suggested by Cheney et al. for extreme fire-danger conditions.
Both the unexpected flank-fire flare-ups, and the extreme spread rates on the
predicted wind change, have obvious implications for firefighters working fire
flanks. In this presentation we use tools developed as part of a Natural Hazards
Research Australia project, to examine the fire-atmosphere interactions at high
spatial and temporal resolution (100 m grid spacing, 1 second time interval)
responsible for the unexpected rapid flank-fire surges. Preliminary investigations
suggest boundary-layer rolls and plume interactions between nearby fires (a few
kilometres apart) are primarily responsible for this behaviour.

A Case Study of the Currowan Fire impacting Conjola
Presenter: Mika Peace, Bureau of Meteorology



On New Years Eve 2019, the 'Black Summer! fires flared across southeastern
Australia, driven by weather conditions and continuous dry fuel conducive to major
fire runs. One of the most impactful fire runs was the Currowan fire, which jumped
the six-lane Princes Highway and burned into communities near Lake Conjola.
Numerous homes were lost and there were three fatalities. We will present a
detailed case study of the Currowan fire near Conjola, using the framework
developed in the NHRA 'Fire Case Studies' project. Our analysis of the event
incorporates observational data including: a selection of satellite imagery to
highlight different aspects of the fire environment; radar reflectivity and velocity
scans that show evolution of the plume; and available linescan images and weather
station observations, which show fire progression and weather drivers. We also use
post-event resources including the RFS fire reconstruction and coupled fire-
atmosphere simulations using ACCESS-Fire, augmented with spot fires from the
Spark fire simulator. From the high-resolution simulations and observational
datasets, we conclude that the processes driving the fire behaviour were not fully
resolved in the operational information that was available pre-event.
Considerations for accurate predictions include: * the above-surface northwest
winds need to be incorporated in predictions through coupling to produce the
rapid run towards the coast * ember transport driven by the elevated wind
direction is required to create the ember transport across the highway °
pyrocumulus cloud is tilted strongly downwind over the ocean in the highly sheared
and unstable airmass « localised gale force winds on the southerly wind change
abruptly alter the direction of fire spread « the density current on the wind change
produced a short-lived, rapid, fire run. This case study demonstrates that we have
much progress to make to accurately predict fine-scale fire behaviour driven by
highly localised dynamic mesoscale processes, to provide accurate messaging to
firegrounds and communities during the most impactful fires. Situational
awareness may be improved through techniques that leverage remote
observations; predictive simulators can be improved to capture above surface
meteorological processes; and provision of messages to communities may be
enhanced during rapidly evolving situations.

FirelnSite: an accessible, integrated fire behaviour prediction system for
wildfire management
Presenter: Kerryn Little

Wildfire risk is increasing in many regions of the globe, including in humid
temperate climate zones, but we lack operational tools to support wildfire
management decision-making in regions like the UK and NW Europe. To address



this gap, we developed FirelnSite, a user-oriented web-based system for predicting
fire behaviour (https://www.fireinsite.org). It forecasts the probability of ignition,
surface fire rate of spread, flame length and fireline intensity for any user selected
location for a range of key regional fuels. By integrating geolocated weather
forecasts up to 5 days ahead, topographic data, and in-built UK specific fuel models,
it removes barriers for users like the need to gather data from multiple sources
before being able to predict fire behaviour. FirelnSite can be used for (i) real-time
decision support by providing key fire behaviour parameters during active fires, (ii)
planning for fire prevention and suppression, (iii) assessing the potential effects of
fuel load reduction, (iv) analysing past fires using historical weather records back to
1970, (v) exploring daily values of vapour pressure deficit for any location back to
January 2015, and (vi) as a training/educational tool for fire behaviour. FireInSite
has been built on over four years of intensive data collection of fuel moisture, fuel
flammability, and energy contents measured across the UK for key fire prone
vegetation types. These have been used to develop fuel models that describe the
fire prone fuel types of the UK landscape for the first time. We also developed
machine learning-based fuel moisture prediction models for the relevant live and
dead fuels. As FirelnSite fuel models capture seasonal variability in fuel flammability
and moisture for a range of temperate humid fuels, and utilises terrain and
weather data globally, FirelnSite could be of interest for being adapted for wildfire
management in other temperate climate regions.

Case Studies for Fire Management - Oral Presentations

Burning trees equals long-term job losses and timber shortages
Presenter: Ruth Ryan, Waroo

Bushfires pose a great threat to forestry plantations and future timber production.
Trees take years to mature, hence it may be 15 to 30 years before the seedling
planted today can be harvested to produce the timber used to construct our homes
and buildings. The Green Triangle Region, on the southern border between Victoria
and South Australia produces over 35% of Australia’s locally produced house
framing and interior timber. This project examined the effects of a major bushfire
impacting on the plantations in the region. The project involved fire modelling,
collation of economic data and woodflow modelling, to predict the products that
will come out of the forests for the next thirty years. The initial impact is a short-
term increased demand for specialist machinery and skilled operators as the burnt
trees must be salvaged quickly before the timber deteriorates. Once the salvage
and replanting is complete, employment in the industry drops and wood supply



shortages may last for almost three decades. A bushfire similar to the Ash
Wednesday fires in 1983 could result in the loss of materials to build over 200,000
homes in Australia.

Managed Landscapes, Wildfire Outcomes: Quantifying the Effect of
Silvicultural Treatments on Burn Severity
Presenter: Vicky Martin, University Laval

In Quebec, Canada, wildfires often interact with or occur near active logging areas.
Forest management must therefore account for the influence of silvicultural
treatments on fire behaviour as part of adaptation measures to a changing fire
regime. This project aims to characterize the link between vertical forest structure,
as modified by different silvicultural treatments, and its subsequent impact on fire
behaviour. We leverage the widespread and record-breaking 2023 season of forest
fires in Quebec as a source of empirical data to calibrate a model mapping potential
fire severity over vast landscapes. This study focuses on four silvicultural
treatments that had previously been applied within burned landscapes: plantation,
plantation with pre-commercial thinning, partial cutting, and unmanaged natural
stands as controls. Pre-fire data are primarily derived from forest resource
inventory mapping and airborne laser scanning (ALS) data, which is used to
quantify metrics such as the vertical stand structure. Harmonized Landsat and
Sentinel (HLS) and PlanetScope satellite imagery is used to link pre- and post-fire
data and generate a burn severity raster. First, statistical analyses will be used to
quantify the relationship between the vertical structure of the stand through ALS
data and the different treatments. Second, ALS-derived structural metrics will be
correlated with the satellite-derived characterization of burn severity to determine
the influence of each treatment on fire severity. Finally, by linking pre-fire structure
to potential burn severity, a predictive model will be developed, thus incorporating
a temporal dynamic by integrating historical satellite imagery. It is expected that
different vertical structures will characterize each silvicultural treatment, and in
turn burn severity. We hypothesize that fuel loads and structural continuity will be
significantly lower in thinned plantations compared to unmanaged natural stands.
Treatments promoting irregular structures (partial cutting) are anticipated to
initially decrease the potential fire severity, which would then increase over time
with successional fuel accumulation. Conversely, plantations with regular structures
are expected to maintain lower potential severity over time. These findings will
provide critical data for forest managers seeking to integrate fire risk into
silvicultural planning, as well as improve the accuracy of fire behaviour models by
incorporating treatment effects.



Grampians-Gariwerd 2024-25 Bushfires Suppression and Fuel Break case
studies

Presenter: Glenn Rudolph, Tim Hammill, Department of Energy Environment and
Climate Action

Co-authors: Tim Hammill, Senior Program Officer - Forest and Fire Management,

Department of Energy Environment and Climate Action)

The Grampians Gariwerd landscape in western Victoria has experienced a series of
large-scale bushfires since 2006, culminating in the large 2024-25 summer fires.
These recent fires burned over 130,000 hectares—approximately 80% of the
Grampians Gariwerd National Park—and a significant area of adjacent private
property. This marks a notable shift from historical fire regimes prior to 2006, with
a correlation to a long-term decline in annual rainfall, increased max temperatures
and heat wave events across Victoria. The rainfall reduction has been particularly
pronounced in landscapes straddling the Great Dividing Range, where the gradient
in precipitation across the Divide has intensified, increasing the vulnerability of
ecosystems and communities to fire. The 2024-25 fires were distinguished by their
occurrence during dry seasonal conditions, the ignition of multiple simultaneous
lightning strikes, and their persistence over several days. These fires often burned
under non-extreme southerly weather patterns, challenging conventional
assumptions about fire behaviour and suppression strategies. This presentation is
divided into two key sections. The first examines real-life case studies from the
2024-25 fire season, focusing on the interplay between previous fuel management
practices, access and egress infrastructure—including strategic road networks—
and the deployment of suppression resources. These examples highlight factors
that contributed to successful initial attack responses, enabled effective large-scale
containment strategies such as back burning, and demonstrate how pre-fire fuel
management influenced fire severity and the protection of high-value biodiversity
assets. The second section presents a summary of lessons learned, emphasising
which fuel management activities have proven most effective in the Grampians
Gariwerd context. It also explores opportunities for improving access and egress
for firefighting operations and provides a detailed analysis of the role of strategic
fuel breaks. These breaks are designed to enhance back burning operations,
facilitate safer and more efficient movement of firefighting personnel and
equipment, and improve overall campaign fire response effectiveness. Together,
these insights offer an opportunity for adapting fire management strategies to a
changing climate and evolving fire regimes.



Cornish Hill: Community Collaboration for Sustainable Fire Risk Reduction
Presenter: Bridget Clarke, Country Fire Authority (CFA)

The Cornish Hill Project in Daylesford has developed into a community-led initiative
supported by the Safer Together program and its partner agencies, including Land
and Built Environment, Forest Fire Management Victoria (FFMV), the CFA, Hepburn
Shire Council, Friends of Cornish Hill, and the Cornish Hill Management Committee.
Through a collaborative approach to risk awareness, shared understanding, and
land management, this project has strengthened local capacity and built enduring
partnerships. The Cornish Hill video case study captures this journey, highlighting
how trust and collective learning have shaped ongoing conversations and informed
decisions about managing the Crown Land Reserve https://youtu.be/w0zydIRYaqg4 .
Since the development of the case study, collaboration has continued to evolve into
a deeper layer of comprehensive discussions - and adding another layer to the
management of relationships. This ongoing collaboration exemplifies how
meaningful discussions and strong partnerships can successfully contribute
towards strategic, long-term changes to address fire risk across the landscape.

Tackling SA's future bushfire threat
Presenter: Aidan Galpin, Grant Reibel, SA Country Fire Service

How should SA consider its existential bushfire risk? The State Bushfire
Coordination Committee’s (SBCC) state-level risk assessment seeks to answer this
question, using a new State Bushfire Risk Assessment (SBRA) methodology to
explore the consequences of plausible catastrophic and major bushfires under a
changing climate. The use of historic events to manage future ones is no longer
effective; nor is the use of discrete risk matrices to calculate simple risk rating
outcomes. Our focus needs to shift to consequential impact analysis that integrates
systemic disaster risk and community resilience assessments into modified existing
frameworks. The SBRA reimagines conventional bushfire risk assessments by
blending proven methods with climate driven modelling to show what's exposed,
what's impacted, and how South Australians can be ready to meet the future threat.
Exploratory scenarios have been developed and analysed using geospatial bushfire
models, Pheonix RapidFire and SPARK, to understand impacts of plausible future
bushfire scenarios under climate change projections for SA. Data inputs from
sources including Australian Climate Service, CSIRO, BoM, Australian Bureau of
Statistics, Digital Atlas Australia, Australian Disaster Resilience Index 2, Matters of
National Environmental Significance, and the National Exposure Information
System have been used to drive the methodology and quantify bushfire impacts to:



- People (Indigenous and non-Indigenous) - Ecology - Economy - Public
Administration - Social Disturbances in one category can impact others, affecting
socio-economic development, societal resilience, and ecosystem functioning.
Outputs will inform cross-government strategies and recommendations to drive
future bushfire management, enabling decision-makers to adapt approaches and
develop agile and innovative policies to navigate thorough uncertainty with
enhanced cross-sector collaboration. This assessment will drive and inform the
SBCC's awareness of major bushfire impacts under a changing climate over the
next 25 years. As natural hazards are projected to cost Australia $39b annually by
2050, it is critical that the SBRA delivers a methodology that considers all
consequence categories and their interdependencies, with an adaptive risk
management framework that can adjust to the complexities of changing bushfire
threat. The SBRA will guide targeted, risk-informed planning, grounded in scientific
evidence, to enhance state-wide bushfire preparedness amid climate uncertainty.

Climate Change - Oral Presentation

Gazing into the flames: A guide to assessing the impacts of climate change on
landscape fire
Presenter: Hamish Clarke, University of Melbourne

Changing global fire regimes are placing a strain on our ability to co-exist with fire.
The literature is awash with assessments of the impacts of climate change on
landscape fire, yet the path for developing robust landscape fire projections is
anything but clear. Here we present the results of a review that closely examines
the key steps in climate change impact assessments for fire. Rather than focusing
on the findings of climate change assessments, we explicitly examine the methods
behind these assessments, and we do so from the dual perspectives of landscape
fire research and climate change research. This includes how we model fire, its
drivers and its impacts, as well as how we model future changes in the climate
system. In addition to surveying the literature, we identify a large number of
“thorny issues”, or challenges in projecting climate change impacts on fire, including
baselines, nonstationarity, feedbacks and interdisciplinarity. We also identify
important challenges in climate change impact assessment more generally,
including model evaluation, ensemble design and application of assessments. Our
study may be of interest to anyone seeking to develop new projections, interpret
existing studies or better understand this dynamic, complex and urgent field.



Comparative analysis of climate change for bushfire hazard
Presenter: Alessio Arena, CSIRO

Climate change will create conditions more favourable to bushfire, with hotter
temperatures, longer dry seasons and faster fuel growth cycles. Australian
buildings and infrastructure are not necessarily built to withstand this increased
intensity of future bushfires, however appropriate planning and hazard mitigation
policies can still help protect our communities while supporting the needs of a
growing nation. The challenge lies in translating climate and fire science into
something understandable and actionable by policymakers, while maintaining the
scientific rigor needed to deal with climate uncertainties. This work presents a
comparative analysis of climate change impacts on bushfire hazard using the latest
Australian National Bushfire Intelligence Capability (NBIC) fireline intensity outputs.
It explores 18 different projected scenarios to 2090 and how extreme fire
behaviour may change in Australia. The baseline scenario is derived from the
Bureau of Meteorology Atmospheric Regional Reanalysis of Australia (BARRA-R2),
while projected scenarios combine Coupled Model Intercomparison Project Phase 6
(CMIP6) Conformal Cubical Atmospheric Model (CCAM) Regional Climate Models
and historical weather using Double Quantile Bias Correction. For each scenario,
fireline intensity is calculated using 7 fire behaviour models applied to 90 m
resolution fuel classification, and over 43 years of hourly weather timeseries. These
rich spatio-temporal datasets are then used to estimate extreme fire events, by
applying extreme values analysis based on Generalised Pareto Distribution to
derive Annual Exceedance Probabilities (AEPS). Projected AEPs are then compared
to each other, isolating differences for specific regions of Australia, vegetation types
and ecosystems. Fireline intensity directly quantifies bushfire hazard because it
relates to the destructive potential of a bushfire and its expected impact. The NBIC
datasets define fireline intensity in terms of probability of extreme fire events while
maintaining a locally relevant scale, both characteristics that are essential to
support policy decisions. This comparative analysis further complements the
application of those datasets by translating complex climate science into actionable
insights. Climate Change models are now evaluated for their possible impact on
bushfire behaviour rather than temperature or fire weather, empowering planners
and policy makers to make informed decisions on how to manage communities
and ecosystems.

Beyond climate trends: understanding how a range of future climate time
series characteristics influence fuel loads, fuel moisture, and fire regimes
Presenter: Ash Cale, University of Nevada, Reno



Climate change is rapidly transforming fire regimes around the globe. To
understand how management can help mitigate these changes, fire modelers run
scenarios using climate inputs that can represent a range of plausible future
scenarios. These inputs often come from Global Climate Models (GCMs) that have
been downscaled to match the resolution of the fire modeling system. When
selecting climate forcing scenarios, modelers often focus on how downscaled GCMs
differ in their trends (e.g., rates of temperature and precipitation changes).
However, GCM climate data also differ among other important timeseries
characteristics, such as interannual variability or drought length. Such
characteristics can have major effects on fuel loading, fuel aridity, and fire behavior
but are frequently ignored in model selection processes. This can make it
challenging to understand the mechanisms by which climate and human
interventions, such as prescribed fire, influence future fire regimes. To investigate
how modeling choices and a range of climate characteristics influence fuel
projections we conducted time series analysis of 4 different climate scenarios.
Those climate projections were then used as forcing data for a fire regime tool,
FROST (Fire Regime and Operations Simulation Tool) to generate fuel hazard
estimates with and without treatments for 5 landscapes in Victoria, Australia.
Finally, we used redundancy analysis to understand which characteristics of the
climate time series the model outputs were most sensitive to. The results reveal
how effective prescribed burning is in reducing the vulnerability of fire regimes to
changing climate conditions. Preliminary results from other landscapes suggest
that increases in precipitation variability and drought length are key climate
characteristic influencing fire regimes and that prescribed fire can help mitigate
these changes in landscapes that experience mixed and high severity fire regimes.

Extraordinary Wildfires in the 21st Century
Presenter: Calum Cunningham, University Of Tasmania

Extraordinary wildfires — events that are exceptional in their behaviour, extent,
intensity, timing, or consequences — have become emblematic of the 21st-century
wildfire crisis. Using two decades of global satellite observations, we systematically
identify and map multiple forms of extraordinary fire across biomes, providing a
quantitative synthesis of where and how fire activity is changing. Our framework
detects the most extreme events across a suite of remote-sensing metrics —
including fire size, energy release, duration, pyrocumulonimbus development,
night-time burning, and socioeconomic impacts — and characterises their spatial
and temporal patterns. Emerging results reveal clear signals of transformation in
several fire-prone regions, suggesting that extreme fire phenomena are becoming
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more frequent, intense, and wide-ranging, yet with distinct biome specificity. By
integrating global Earth-observation data with coincident fire weather index, this
work establishes a foundation for understanding the mechanisms and
consequences of extraordinary fires, and for anticipating the conditions under
which they will define the coming century. Our synthesis highlights how climate-
driven extremes are pushing fire regimes beyond historical bounds, with cascading
ecological and societal consequences — underscoring the urgency of adapting to
an increasingly extraordinary fire future.

Assessing bushfire risk at differing lead times
Presenter: Naomi Benger, Bureau of Meteorology

Understanding future fire regimes in Australia is important to support and manage
ecosystems, provide guidelines for building safe infrastructure, and managing our
CO2 emissions. To understand bushfire risk, the four components need to be
assessed: vegetation that us abundant enough to support a fire (sufficient
vegetation) and dry enough to burn (available vegetation), an ignition source, and
fire weather. Much research has been focussed on fire weather, with the main goal
to support fire related decision making from hours to days. These advances have
been valuable and led to the fire behaviour models used in the Australian Fire
Danger Rating System which can adapt and improve as science advances. Simply
adopting those same models to gain an understanding of future, long term risk is
insufficient since changes to vegetation (fuel), which happen over longer time
periods, need to be captured. The fuel aspects of bushfire risk are difficult to
estimate for lead times beyond the next week. For the short lead times (days) it can
be measured and assumed constant for the next 7 days, but this assumption fails
for seasonal outlooks and in the context of climate projections. For example, fuels
which are wet in late winter can quickly dry with the onset of hot and dry conditions
in spring. Over months to years fuel amount and availability cannot be assumed
constant, even the fuel type can change. Some regions will be exposed to
increasing aridity, and the future climate may lead to a change in vegetation type. In
this talk, | will examine bushfire risk at varying lead times, discussing the most up to
date understanding in methods to estimate bushfire risk.
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Climate, Evidence and Fire Management - Oral
Presentations

Evidence briefs for landscape fire management

Presenter: Caitlin Symon, Caitlin Symon, Hamish Clarke, University of Melbourne
Co-authors: Caitlin Symon (caitlin.symon@unimelb.edu.au, Graduate researcher,
University of Melbourne)

Consolidating and translating knowledge about complex environmental processes
for decision makers and the public is a multifaceted challenge. Landscape fire, for
instance, impacts a wide range of ecological and social values, and communication
takes place in a crowded and contested information environment. Evidence briefs
are a tool for clearly communicating current knowledge, commonly used in the
health sector and public policy. Evidence briefs tend to have a clearly defined scope
and audience, and are designed to inform actions, support decision making and
bridge the gap from research and knowledge to policy. They may provide
transparency about authorship and methods, and assessments of the quantity,
quality and agreement of evidence. Unlike systematic reviews or meta-analyses,
evidence briefs are designed for application and are often used to provide
recommendation for rapid use. With limited exceptions, evidence briefs are not
widely used in fire. In this talk we consider whether, and how, evidence briefs could
support the management of landscape fire. Our work is informed by a
transdisciplinary workshop that included lead agencies for fire and land
management, natural hazards research and science policy. Inspired by recent
interdisciplinary fire research, we propose four principles to support the effective
use of evidence briefs for landscape fire applications: 1) Harness complexity and
uncertainty while highlighting areas of agreement, 2) Recognise diverse ways of
knowing, 3) Continually refer back to the problem and goal at the centre of the
brief, and 4) Embed evidence briefs within a larger process of relationship building
and decision making. Discussing examples from other projects, we aim to start a
conversation about how we can more effectively communicate the diverse
knowledge needed to understand, manage and coexist with fire.

Riding the waves of uncertainty: an adaptive, relational approach to climate

change engagement
Presenter: Stefanie Russell, Country Fire Authority
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Continuous change and uncertainty can be challenging for agencies and
communities alike. As climate change drives more frequent and extreme weather
events and disasters worldwide, shifting our approach to focus on learning and
adaptation can build and maintain hope in the face of growing uncertainty. Working
WITH communities is an opportunity to develop shared understanding of local
concerns, context and expectations. Yet few practices exist to support agencies in
building this understanding alongside communities. Traditional bushfire risk
management approaches are increasingly inadequate. Practitioners need a greater
diversity of engagement and partnership practices to navigate the impacts, build
community connections and support community resilience. The Community First
program in collaboration with researchers from The University of Melbourne and
BehaviourWorks Monash University, introduce the Adaptive Climate Engagement
(ACE) approach. This is an evidence-based, systems-thinking framework designed to
support practitioners to challenge the status quo and respond to the need for
practice adaptation. It provides guidance on HOW to do the work, in a way that is
relational, iterative, and aligned with evolving contexts and communities of interest.
Drawing on insights from participatory action research, the ACE framework builds
on the strengths of practitioners so that it is relevant and centred in current
practice, yet enables further depth and development. It supports practitioners,
community members and leaders to structure their practice in a rigorous and
reflective way to influence change towards collaborative listening, learning and
action. Unless individual practitioners are intentional and iterative in how they
approach their work, the system they work in won’t change. By embedding
relational practices and iterative learning, ACE offers a transformative pathway for
agencies and communities to navigate uncertainty together, ensuring more
effective and sustainable climate adaptation and bushfire risk management. This
presentation will share how the Community First program has been learning from
and utilising the research, exploring opportunities to support a relational way of
working, and enable adaptations in risk communication and community
engagement practice.

Hotter, Longer, Less Predictable: Preparing NSW Fire Management for a
Changing Climate

Presenter: Jennie Cramp, Melissa O'Halloran, Simon Heemstra, NSW Rural Fire Service
Co-authors: Jennie Cramp (jennie.cramp@rfs.nsw.gov.au, Senior Project Officer, NSW
Rural Fire Service)

Simon Heemstra (simon.heemstra@rfs.nsw.gov.au, Director Community Resilience, NSW
RFS)
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As climate change accelerates, fire agencies face mounting uncertainty in
understanding and preparing for future fire conditions. For the NSW Rural Fire
Service (RFS), anticipating how shifts in temperature, rainfall, and extreme weather
will influence bush fire behaviour is essential for effective risk management,
operational readiness, and community safety. Projections from the NSW and
Australian Regional Climate Modelling (NARCIiM 2.0) project indicate that higher
temperatures, more prolonged heat events, and evolving rainfall patterns will
significantly affect fire danger across the state. Yet, important questions remain:
how will these changes manifest regionally, and does the current reliance on severe
fire weather thresholds, such as an Fire Behaviour Index greater than 50, remain an
appropriate benchmark under future climates? This paper presents current RFS
initiatives to apply NARCIiM 2.0 projections and related climate datasets to inform
fire behaviour modelling, scenario analysis, and strategic risk planning. Emphasis is
placed on developing methods to aggregate meteorological inputs that better
characterise extreme events, rather than relying on changes in mean conditions.
The research supports a broader climate-risk assessment process designed to
guide investment in priority adaptation and mitigation measures. The insights
shared will help shape organisational adaptive fire-management strategies capable
of meeting tomorrow’s challenges with scientific rigour and practical resilience.
Longer-term, the ability to integrate climate projections with the advanced fire-
danger models underpinning the Australian Fire Danger Rating System (AFDRS), will
further enhance foresight, strengthen preparedness, and sustain operational
performance under a changing climate.

Future fire weather at the decision-making scale: implications of climate
change on fire danger and agency activations
Presenter: Tegan Brown, DEECA

There is strong consensus that climate change is influencing fire weather in south-
eastern Australia and is expected to cause longer and more severe bushfire
seasons, while increasing the frequency of severe fire weather events. Each year,
fire agencies expend considerable resources on fire readiness at District, Regional
and State levels. While there is a general awareness that climate change will cause
resource requirements to increase, to date, there has been limited work that
considers how projected future climate conditions will affect the nature of fire
seasons at scales relevant to strategic and operational fire planning and
management. To understand future changes in fire weather at a scale relevant for
decision-making, we processed climate change reanalysis and projection data
(VicClim) spanning 1972-2100 within Victoria's Fire Weather Districts (FWD) and
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Incident Control Centre (ICC) footprints and addressed two key questions: 1. How
will climate change influence the duration, intensity and spatial extent of fire
seasons in Victoria? 2. How will predicted changes in fire weather influence the
number and level of Incident Control Centre readiness activations and associated
future readiness resource needs? Our analysis found that climate change is
expected to impact fire seasons in Victoria in different ways across the state. While
some Districts will have markedly longer seasons, largely driven by an earlier start
in Spring, others are expected to be more intense within the same seasonal
envelope. In the coming decades, elevated fire weather is also predicted to become
more widespread and thus impact more Districts on the same day, suggesting that
resource sharing may become more challenging in the future. We also report on an
expected increase in agency readiness activations, increasing by up to 60% by the
end of this century, with widespread variability observed across different Districts.
Our analysis demonstrates the importance of contextualising broad scale climate
projects at the spatial and temporal scale relevant for land and fire management.

Linking moisture metrics to fire activity to enhance wildfire preparedness
and seasonal planning
Presenter: Jamie Burton, University of Melbourne

Landscape moisture strongly influences fire behaviour and risk by controlling fuel
ignitability, probability of fire occurrence, spread rate, fireline intensity, fuel
consumption, and suppression difficulty. While numerous moisture-related indices
and products exist, only a small number are currently applied in operational fire
management. Identifying which metrics most effectively reflect fire potential across
different spatial and temporal scales is essential for supporting wildfire
preparedness and decision-making. This project aims to systematically evaluate the
utility of landscape moisture metrics for fire management decision-making. We
conducted the analysis at two spatial scales; wildfire preparedness (daily, 5 km) and
seasonal planning (seasonal, 50 km). Landscape moisture metrics were selected
based on a literature review and criteria developed in an expert workshop. For the
wildfire preparedness scale, we examined relationships between daily fire activity
(number of hotspots/incidents) and daily values of landscape moisture metrics. For
the seasonal planning, we explored relationships between seasonal fire activity
(area burnt and number of fires) and concurrent and antecedent landscape
moisture conditions. The analysis was done for 8 different fire-climate regions, to
capture variation in fire seasonality across Australia. Preliminary results indicate
substantial variation in the strength and scale of relationships among metrics, with
some outperforming current operational indices. The outcomes will help guide the
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selection of moisture metrics that provide the most reliable early indicators of fire
potential, supporting more evidence-based preparedness and seasonal planning.

Fire and Ecosystems - Oral Presentations

Simulating fire-vegetation feedbacks: The evolution of landscape-fire-
succession models
Presenter: Jen Baron, University of British Columbia Okanagan

Climate change is driving changes in wildfire and vegetation relationships across
fine- to broad- scales, creating a growing scientific need to forecast and manage for
shifting ecosystem dynamics. Given the intertwined relationships between fire and
vegetation at meso-scales, simulating present and future fire regimes requires an
understanding of both fire and succession as processes operating across space and
through time. Landscape-fire-succession (LFS) models are spatially and temporally
explicit ecological models that simulate the dynamic interactions between fire and
vegetation, often in response to climate. Building on the foundation of prior
modelling efforts, LFS models have taken advantage of rapid 21st-century
computational advances to reflect a maturing scientific environment for ecological
simulation modelling. Here we assess the current state of LFS modelling by
reviewing available models and characterizing their approaches to simulate fire
growth, fuel and vegetation succession, and feedbacks between these processes.
We then explore the extent to which different models and approaches (i)
incorporate past, current, and future ignitions, weather and climate, and live
vegetation and dead fuel variables to robustly simulate fire spread and
intensification; (ii) enable realistic representations of the hierarchical nature of fuels
and fire behaviour, their variability, and the cross-scale connections between levels
in the hierarchy; and (iii) produce reasonable predictions of fire behaviour, changes
in fire regimes, vegetation responses to fire, and system-level feedbacks for
research and management applications. In doing so, we identify five common
challenges shared by current approaches and define opportunities to advance the
next generation of LFS models.

Natural values impacts of climate change-driven landscape fires in Tasmania-
West Coast Complex 2025

Presenter: Steve Leonard, Department of Natural Resources and Environment Tasmania

Tasmania has seen an increasing occurrence of lightning-ignited landscape-scale
bushfires. The West Coast Complex (WCC) bushfires of 2025 exemplify impacts on
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natural values of such fires and highlight key challenges in managing these impacts
in a context where lightning-initiated landscape fires are the ‘new normal’. The WCC
fires mostly affected natural vegetation. Fire severity was predominantly high due
to the dominant vegetation being short-statured and highly flammable heath, scrub
and sedgeland. A mixed severity pattern occurred in eucalypt forest and rainforest,
however high severity burning of forest occurred during elevated fire weather. Over
80% of the vegetation affected by the WCC fires is expected to be resilient to
burning. However resilience may be compromised where short fire intervals
preceded the WCC fires and/or where fire severity was high. The fires affected fire
sensitive paleoendemic vegetation, which is an iconic feature of the Tasmanian
landscape and may be rendered locally extinct by a single fire. 156ha of this
vegetation occurred within the WCC firegrounds, although not all of this was
impacted. Impacts that did occur, while small in area, are significant as they are
effectively permanent. Approximately 7000ha of non-paleoendemic rainforest
occurred within the firegrounds. The proportion of rainforest affected was higher
relative to previous major fires, potentially reflecting increased rainforest
flammability under climate change. Rainforest that had been previously burnt was
more likely to burn and burnt at higher severity than previously unburnt rainforest.
The WCC fires affected extensive areas of organic soils, in some areas severely.
Impacts on organic soils may be effectively permanent and may also drive broader
ecological change. There is potential for the bushfires to exacerbate pre-existing
ecological threats, including weeds and Phytophthora cinnamomi. While actions to
enhance recovery of some values are possible, in general recovery will be a matter
of time. A key challenge in fire-prone landscapes is implementing fire regimes that
enhance ecological resilience. For fire-sensitive values, fire management should be
aimed at preventing bushfire incursion. Tasmania Parks and Wildlife Service have
invested heavily in enhancing bushfire mitigation and response capability and
implementing ecologically beneficial fire regimes.

A better approach to protecting ecological assets from both bushfires and
suppression techniques.
Presenter: Victor Hurley, Dept of Energy, Environment and Climate Action

When firefighting in remote or wilderness areas the priority is to protect the very
environment that the fire is consuming. The challenge in wildland firefighting is to
strike a balance between containing the fire to as small an area as possible and not
to unnecessarily damage ecological assets with fire suppression techniques. We
applied this approach in the development of a fire response plan to an area that
has fire sensitive assets and some of which are also vulnerable to certain fire
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suppression techniques. A 16,000ha area of critically endangered and fire sensitive
semi-arid woodlands known as Pine Plains within Wyperfeld National Park. Pine
Plains is characterised by natural features that are negatively impacted by bushfire
and associated fire suppression techniques. This area has an increasing history of
bushfires in recent years due to a change in land use practices and a changing
climate progressively drying out the soil moisture. The dominant vegetation
community also has the least ecosystem resilience to recover from these fire events
with a minimum tolerable fire interval of 80 years. To address these challenges a
spatial layer was developed of the key ecological assets within this area and for
each a table of the standard fire suppression techniques was created. For each
asset and suppression technique a mitigation measure was applied. These often
came in the form of an exclusion or a buffer to the suppression technique applied
to each asset. The resulting products from this approach are as follows: ¢ Integrated
spatial layer for use by Incident Management Teams (Planning and Operations). *
Quick field guide to suppression controls for ecological assets, for use by
operations staff. This plan provides readily accessible tools for decision making to
improve responses to bushfires leading to better outcomes from through the
application of more appropriate fire suppression actions on the ground.

Developing national plant flammability databases - a case study from
Aotearoa New Zealand
Presenter: Tim Curran, Lincoln University

Flammability lists are a useful fire mitigation tool, providing guidance for low-
flammability plantings in gardens and for landscape-level suppression measures,
such as green firebreaks. However, flammability lists have often lacked clear
descriptions of their derivation, and few early lists were based on empirical testing
of flammability. Recently, there has been a rapid increase in experimental
measurements of comparative plant flammability, making it feasible to develop
national flammability databases to guide decisions about fire mitigation plantings.
Using Aotearoa New Zealand (NZ) as a case study, we describe the development of
a national plant flammability database as a potential model for other jurisdictions.
In NZ, as elsewhere, there is long-held knowledge regarding interactions between
fire and vegetation. For instance, Maori oral traditions describe which plant species
were most useful for making fire, while early European colonists planted the
introduced creeper periwinkle (Vinca major) around homesteads to impede fire
spread. Like other jurisdictions, early flammability lists in NZ (1980s-1990s) gave no
indication of how they were derived. A key development in 2002 was flammability
ranking of 42 native tree and shrub species, based on quantitative analysis of
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surveys of fire managers across NZ. Since 2016 there has been extensive empirical
testing of flammability in NZ, particularly at the shoot level, which produces results
highly correlated with those derived from expert opinion. We used the widely-used
grill method on terminal shoots (or small whole plants) to test the flammability of
550 taxa, assigning them to seven flammability categories based on K-means
clustering of flammability scores. The list included crops, pastures, and
environmental weeds; these were excised from later iterations of the database.
Where there were differences between shoot testing and expert opinion the higher
flammability category was assigned. This produced a publicly-available database of
402 taxa searchable on scientific and common name, growth form, human use and
origin (native, exotic). This shows how to derive a robust plant flammability
database for use in fire mitigation plantings in a given jurisdiction. Future work will
incorporate seasonal and intraspecific variations in flammability into the guidelines.

Understanding fire behaviour and managing its effects in Gondwana
temperate rainforest
Presenter: Ross Peacock, NSW National Parks and Wildlife Service

The 2019/20 wildfire season in eastern Australia was characterized by record-
breaking temperatures, an extended spring drought, low fuel and soil moistures,
and repeated periods of severe fire weather. Across New South Wales, 18% of the
rainforest vegetation saw fire impacts, including 9% of the Gondwana Rainforest of
Australia World Heritage property. In Queensland, approximately 34% of the
Gondwana rainforests were impacted by fire. The entry of fire into refugial
temperate rainforests, traditionally seen as fire sensitive due to their limited
intrinsic post-fire persistence or regeneration traits led to the fourth IUCN World
Heritage Outlook Report conservation outlook for this site being assessed as
significant concern. Part of the management response has been to initiate detailed
wildfire impact assessments, monitoring programs and research on fuels,
flammability and landscape level wildfire dynamics. The aim is to support rainforest
conservation objectives by improving bushfire risk management planning and
wildfire incident response. An overview of these assessments and research
activities including recently published outcomes is provided.
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Fire Behaviour - Oral Presentations

A Unified Scaling Law for Merging Bushfire Spread Across Different Length
Scales Using Byram'’s Convective Number
Presenter: Ahmad Hassan, Victoria University - Natural Hazards Research Australia

Understanding how multiple fire fronts interact upon convergence is critical for
predicting extreme wildfire development. However, the dynamics of junction fires
at field scale remain poorly quantified due to experimental limitations, particularly
with respect to geometric scaling. This study employs three-dimensional physics-
based numerical simulations to investigate the propagation behaviour of grass and
shrub junction fires across a broad range of scales, wind speeds, slopes, and
junction angles.</p><p data-start="641" data-end="1211">Simulations of both
straight-line and junction fire configurations demonstrate that junction fires exhibit
significantly faster rates of spread compared with single fire lines under equivalent
conditions. To address scaling challenges, a new scaling law is proposed for quasi-
steady merging bushfires, relating the normalised rate of spread to a modified
expression of Byram's convective number. The proposed formulation incorporates
both wind inertia and buoyancy effects, thereby capturing the two dominant forces
governing flame-front dynamics and plume trajectory.</p><p data-start="1213"
data-end="1649">Results indicate that the normalised rate of spread of steady
junction fires depends solely on the modified convective number and fuel type,
yielding a unified scaling relationship applicable to both junction fires and straight
fire lines. The findings provide improved insight into the role of topography and
wind in extreme fire behaviour, supporting enhanced situational awareness,
operational prediction capability, and firefighter safety.

Unravelling Junction Fire Dynamics: Field-Scale Insights for Enhanced
Prediction and Management
Presenter: Alexander Filkov, University of Melbourne

The increasing global frequency and severity of extreme fire events highlight the
urgent need for a deeper understanding of dynamic fire behaviours, particularly
merging fires such as junction fires. These fires, formed by the interaction of two
fire fronts, pose significant threats to assets, ecosystems, and human safety.
Despite their importance, junction fires remain understudied, leaving substantial
gaps in our ability to predict, mitigate, and respond effectively. Most existing
studies are conducted in controlled laboratory environments, which limits their
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applicability to real-world conditions. This study addresses this gap by compiling
and analysing field-scale experimental data on junction fires. Over four years, seven
major experimental campaigns were conducted in Victoria, Australia, across various
fuel types, including heathland, grassland, and crop stubble. Advanced
technologies, including infrared drone imagery, automated weather stations, and
custom-built fire monitoring sensors, were used to collect detailed data on fire
configuration, weather, and fuel variables. Two complementary analyses were
conducted. A single-variable analysis using linear model examined the influence of
each predictor on rate of spread across different fire scales, revealing clear scale-
dependent effects, strongest in large fires. Subsequently, a Generalized Additive
Modelling (GAM) approach with scenario testing was applied to assess combined
and non-linear predictor effects. Four GAM scenarios were evaluated, varying key
fire configuration predictors while holding weather and fuel groups constant. The
best-performing model achieved an adjusted R2 of 0.87, highlighting the dominant
role of fire-related parameters (comparing to weather and fuel group) in controlling
junction fire behaviour. By understanding the scale-dependent effects of fire
configuration, weather, and fuel variables, fire management can develop more
accurate predictive models to effectively plan and implement

The power of interacting firelines
Presenter: Marta Jerebets, University of Montana

Interacting fire fronts are a dynamic fire behavior characterized by rapid increases
in heat release and spread rates. These spikes in intensity pose risks to firefighters
and communities but can also help managers achieve desired fire effects in forests.
This study modeled different ignition patterns under varying wind speeds and
fireline lengths in homogenous grass fuels. Fire Dynamics Simulator, a
computational fluid dynamics model of fire-driven flow, was used to investigate the
sensitivity of fireline interaction to key inputs. Fire behavior was evaluated along
the axis of symmetry and two adjacent transects in terms of peak and total heat
release rate per unit volume (HRRPUV), HRRPUV over time, and cross-sectional
isotherm areas and maximum heights at 60 °C, 100 °C, 300 °C, and 600 °C. Junction
fires produced 65% higher peak HRRPUV and 78% higher total HRRPUV along the
central transect, on average, relative to straight-line ignitions. They also reached
peak HRRPUV earlier, affected 34% greater area, and projected temperatures 21%
higher across isotherms, with implications for canopy scorch and crown
consumption. These findings demonstrate the potential of junction fires as a
deliberate ignition tactic in prescribed burning, capable of producing targeted
increases in localized intensity to achieve silvicultural objectives.
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Role of ignition line length on the behaviour of experimental agricultural crop
stubble fires
Presenter: Andres Valencia, University of Canterbury

This study analyses two controlled experimental burns conducted under near-
steady environmental conditions to quantify the dynamics of fire spread for three
linear ignition lengths of 5 m (small), 10 m (medium), and 20 m (large). High-
resolution overhead imagery was collected, georeferenced, and post-processed to
extract active burning area, fire width, length, rate of spread (ROS), and
acceleration. Across both experiments, the length-to-width (L/W) ratio increased
linearly at rates between 0.024 and 0.033 s7, indicating progressive elongation and
a transition toward growth largely independent of ignition length. The ROS
increased proportionally with fire width, following a linear relationship with a
characteristic slope of ~ 0.029 s™', demonstrating that lateral expansion governs
rate of spread during the early growth stages. The active burning area of the large
fires expanded steadily over time to approximately 1000 m?, while the medium fires
grew to about 500 m? in both experiments. In contrast, the small fires remained
nearly constant below 100 m2, showing no measurable growth. This consistent
stagnation suggests a burning regime in which short ignition lines inhibit fire
acceleration and sustained expansion. These results provide empirical and
quantitative evidence of the coupling between ignition line length, fire-front
geometry, and propagation speed, offering a practical basis for operational fire
management and prescribed-burn planning.

Linking Landscape and Lightning: Terrain Effects on Lightning and Ignition
Presenter: Sima Rahmani, UNSW

Lightning is the most significant natural source of wildfire ignition worldwide.
Despite representing only a small fraction of total wildfire ignitions, lightning-
caused fires account for a disproportionately large burned area, underscoring their
importance as a natural hazard for which effective management is critical.
However, the mechanisms underlying these ignitions, particularly the spatial factors
influencing lightning occurrence and ignition potential remain insufficiently
understood. This study investigates how terrain attributes modulate lightning
occurrence as a foundation for spatial modelling of lightning-caused fires.
Specifically, we also examine lightning events accompanied by minimal
precipitation (dry lightning), which are more likely to result in ignitions. Lightning
occurrence was modelled using a machine learning framework based on
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topographic variables derived from the 250m-resolution GEODATA 9Second Digital
Elevation Model (Version3). Lightning strike records (2016-2021) from the
Weatherzone/DTN detection network were used to label grid cells as lightning-
affected or lightning-free. A Random Forest classifier was applied to predict
lightning occurrence across New South Wales, Australia. To isolate the terrain
signal, no atmospheric predictors were included. Precipitation data were sourced
from GPM IMERG Version07 to identify dry lightning events. Results from lightning
occurrence modelling show that among topographic predictors, elevation and local
relief are the most informative, outperforming slope and aspect. Although elevation
and local relief exhibit competing effects, local relief becomes a more powerful
predictor at broader spatial scales due to its contextual information. In addition, dry
lightning was found to be less predictable than total lightning occurrence. Finally,
our preliminary results highlight a key challenge in modelling lightning-caused fires:
attributing ignitions to their originating lightning strikes. This uncertainty likely
arises from variable holdover times between ignition and fire detection, which
complicate fire cause classification and model accuracy.

Fire Behaviour Modelling - Oral Presentations

Modelling and mapping prescribed fires burn severity: challenges and
potential solutions
Presenter: Maria Zubkova, University of Maryland, College Park

Satellite observations have been the primary source of data for quantifying fires
and their impacts over most of the globe for the past several decades. However, the
majority of small low-intensity burns, often characteristic of prescribed fires, are
omitted from readily available fire datasets. Advances in remote sensing and
artificial intelligence have created opportunities to map small and spatially
fragmented fires automatically and offer high spatial and temporal severity
assessment of burn sites. Nonetheless, the majority of effort has been
concentrated on mapping large, intense, and distractive forest fires, and the
feasibility of the proposed methods to detect smaller prescribed burns is usually
not evaluated. The most commonly applied approach for fire severity mapping is
calculating thresholds for vegetation indices segmentation using the NBR index
estimated from Landsat or Sentinel-2 images, due to its simplicity and efficiency.
However, current models that include an array of indices, including NBR, have
demonstrated a low capacity to reproduce the low-to-moderate burn severity of
prescribed fires. Moreover, 20-30m resolution might not be sufficient to accurately
delineate small unburned islands and capture details in fire severity within small
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control burns. Here, we discuss the application of a variety of data sources at
different spatial and spectral resolutions, the utilization of texture metrics, and the
importance of the temporal window for image selection. An example of different
approaches will be demonstrated for a variety of land cover types, highlighting that
the fire severity delineation methods have to have a simple structure that can
deliver rapid fire assessment across vegetation types. Although challenging to
acquire, fire severity data is crucial for understanding the relationship between
fuels, fire behavior, and the effects of prescribed fire on ecosystems and human
development, enabling wildland managers to deploy innovative method.

Burning and Learning in Canola Stubble - Data reduction and model
development

Presenter: Richard Hurley, William Swedosh, CSIRO

Co-authors: Richard Hurley (richard.hurley@data61.csiro.au, , CSIRO)

This is the final abstract relating to the canola experiments, data reduction and
model development. Cropland fuels are routinely treated as grasslands in
operational fire prediction, despite distinct structure and arrangement that
influence fire behaviour. This presentation outlines the data reduction and model
development from a multi-agency experimental burn program designed to produce
the first empirically derived rate-of-spread (ROS) dataset for canola stubble,
addressing a critical national knowledge gap and supporting evidence-based
suppression tactics and planning in agricultural zones. Canola is Australia’s third
most valuable grain crop, underscoring the operational importance of reliable
cropland fire-behaviour guidance. Jurisdictional practices (e.g., default fuel loads of
3 t/ha and “cut/grazed” model settings) are used to frame current Australian Fire
Danger Rating System (AFDRS) configurations whilst new empirical research data
could improve modelling and fire-danger forecasts. To contextualise the grassland
model, the presentation will include an illustrative ROS comparison—observed ROS
set alongside operational model cut/grazed and eaten-out—showing cut/grazed
can be up to ~3x higher than observations and eaten-out up to ~2x. We will also
report progress on the development of two preliminary models: a Go/No-Go
spread model and a ROS model for canola stubble, as well as a model for predicting
matted fuel moisture content. From the data collected and analysed to date, it was
found that wind speed, matted fuel moisture content, solar radiation and fuel load
had the greatest influence whether fire spread or not, while wind speed, matted
fuel moisture content and fuel load had the greatest influence on the spread rate.
These models have been prototyped, integrated, and exercised within the Spark
Research Platform for scenario testing. Forthcoming summer experiments and
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analysis are expected to refine parameters and may bring these models close to
finalisation. By establishing a robust cropland fire-behaviour model and a
reproducible dataset for canola stubble, this work aims to enable more accurate
predictions in agricultural landscapes and strengthen operational decision support.

New approaches and technology for ensemble bushfire risk modelling
Presenter: James Hilton, Covey Associates/Cedaryn

Calculation of bushfire hazard and subsequent risk can rely on ensembles of
deterministic simulations representing the likely extent and severity of potential
fires. The accuracy of this approach improves with the number of simulations used
to sample the possible locations and conditions of the fire. However, the variation
of multiple parameters, such as wind and fuel conditions, can lead to an
exponential growth in the number of required simulations. In this presentation we
discuss new methods to address these issues. These include the development of
next-generation simulation technology as well as new algorithms that aim to
capture variation of fire conditions at greatly reduced computational cost. We show
variation in conditions governing fire spread can be represented using an aggregate
approach, giving the spatial hazard using only a single, rather than muiltiple,
simulation. Current hazard modelling, as well as statistical and data-driven
methods, are compared to these new approaches, demonstrating that special
considerations for bushfire propagation require the use of deterministic
simulations to provide accurate spatial hazard metrics. The simulations are
demonstrated using Inferno, a new wildfire and geospatial modelling platform
designed for rapid deterministic calculations based on empirical bushfire spread
models. We discuss the technology behind this new platform and demonstrate
high-resolution hazard mapping using our newly developed ensemble approaches.

Improved landscape fire behaviour modelling through improved terrain data
Presenter: Kimberley Opie, CSIRO Environment

As climate extremes intensify and fire seasons grow longer, improved accuracy of
landscape fire behaviour models mean that risk mitigation can be more targeted.
Terrain influences fire behaviour. Fires moving upslope accelerate and intensify due
to the closer proximity of flames to uphill fuels, which promotes pre-heating, and
the upward movement of hot convective air that dries vegetation ahead of the fire
front. Conversely, fire spread typically slows on downhill slopes. The terrain data
underpinning many fire models often lacks the resolution and precision needed to
capture complex topographic features. One particular problem with broadscale
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remote sensing products is confusion of the forest canopy of dense forests as
ground level. Under the right conditions, forests produce the most intense
bushfires, so correcting these artefacts is important. LiDAR derived Digital Elevation
Models (DEM) reduce canopy artefacts but are not available at a national scale. We
generated a national Shuttle Radar Topography Model (SRTM)-LiDAR blended DEM
using 1,549 individual open access DEM datasets from Geoscience Australia's
Elevation Information System (ELVIS). We matched the spatial resolution to the
National Bushfire Intelligence Capability Bushfire Fuel Classification dataset so that
the terrain data could be used to 1) improve vegetation height in the classification
model and 2) as an input in for modelling fireline intensity potential. Quality
assurance for the terrain data involved testing for both continental drift and the
accuracy of the blended dataset. To evaluate if using 10 years of data would be
impacted by continental drift we used a timeseries of Global Navigation Satellite
System (GNSS) heights from reference stations that provide accurate and reliable
positioning data for GPS. To quantify height accuracy the best quality Permanent
Survey Marks were collated from each jurisdiction in Australia. These are sub-
millimetre precision locations used in land surveying for construction. The
European Space Agency Biomass annual dataset was used to identify dense
forested areas for quantitative analysis of heights between SRTM, the available
LiDAR data of coincident year and the blended product. This data provides a more
precise and accurate terrain product, with benefits for reliable fire behaviour
modelling to support better-informed fire management decisions.

Beyond fuel types: simulating fire behavior with continuous fuel properties
Presenter: Adrian Cardil, Joaquin Ramirez, Technosylva Inc
Co-authors: Joaquin Ramirez (jramirez@technosylva.com, CTO, Technosylva Inc)

Surface fuel data is essential for accurate wildfire modeling. Traditional operational
fire spread models rely on fuel families, in which each fuel type is assigned a
constant set of physical characteristics, such as fuel loading, moisture of extinction
and fuel bed depth. While this approach provides a standardized framework, it can
not fully capture the high spatial and temporal variability of fuels, particularly in
ecosystems dominated by rapidly changing fuel beds such as grasslands. As a
result, fire behavior predictions may fail to capture critical fuel dynamics that
influence rate of spread and fire intensity. This study advances fire behavior
modeling by incorporating continuous spatial fuel characteristics rather than
predefined fuel types. We focus on characterizing fuel beds at fine resolution,
quantifying spatial heterogeneity in key fuel attributes and evaluating their
temporal dynamics. This approach is especially relevant for grass-dominated fuel
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types, where annual and seasonal variation in biomass and structure plays a major
role in fire behavior. By integrating remote sensing methods to monitor interannual
changes in grass fuel characteristics, we enhance the capacity to represent fuel
continuity and loading across the landscapes where fuel characteristics fluctuate
due to environmental conditions (weather, soil properties, fuel management, etc).
Model performance was evaluated using a comprehensive database of 5,000
wildfires across the United States, each with fire-growth progressions recorded
every 15 minutes during spread. This unique dataset enables an unprecedented
validation of dynamic, fuel-property-driven fire simulations against real fire
behavior observations. Results show that incorporating continuous fuel attributes
improves the accuracy of predicted fire progression compared to traditional fuel
family approaches, particularly in grass and shrub systems. Our findings support a
shift toward an improved characterization of fuels to better capture spatial
complexity, enhance operational fire prediction, and refine dynamic wildfire risk
assessments.

Fire Fighting Effectiveness - Oral Presentations

What can case studies teach us about the operational use and effectiveness
of firebombing aircraft?
Presenter: Matt Plucinski, CSIRO

Aerial suppression has become an important component of wildfire responses with
substantial effort and expense dedicated to supporting the aircraft availability and
operations. Strategies and arrangements for supporting aerial suppression
operations benefit from being informed by evidence-based research. Aircraft event
and tracking data can be combined with environmental and fire data to provide
useful information on where and when they are applied during operations,
however, the data is not able to capture the reasons why they are being used or the
outcomes of their use. Incident case studies that collect qualitative data on
suppression objectives, tactics and outcomes can provide complementary
contextual information. Case studies with details of over 3,000 aircraft drops from
25 recent Australian fires were compiled and analysed for the NHRA Why Fly?
project. Information on objectives, tactics and outcomes that were obtained
through interviews with Air Attack Supervisors involved at each fire and were
compiled with data describing fire and environmental conditions. The majority of
drops (73%) within the case study dataset were made on the flanks of fires. The
most common objectives for drops were slowing fire progression (37%) and
protecting property (26%). Nearly all drops (91%) met the objectives set by the Air
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Attack Supervisors. Drops that did not meet objectives were mostly those that did
not slow the fire to the level intended, for example preventing a fire reaching a
location before a weather change. Drops that did not meet objectives mostly
occurred during elevated fire danger conditions and were not supported by ground
crews within two hours. These aerial suppression case studies provide a valuable
resource for understanding effectiveness. Further case studies are required to so
that the dataset can cover a broader range of conditions, aircraft types and
locations. This presentation will describe the methods and findings of aerial
suppression case studies from recent Australian fires and discuss the operational
implications and remaining knowledge gaps.

A Drop in the Bucket: What Makes Aerial Suppression Efficient
Presenter: Andy Ackland, Country Fire Authority

Aerial firefighting remains one of the most visible and costly aspects of bushfire
suppression, yet evidence-based guidance on what constitutes an effective drop is
limited. To address this knowledge gap, a multi-agency drop-testing program was
developed to quantify the suppression performance of firefighting aircraft under
controlled, repeatable field conditions. This program systematically evaluated a
wide range of rotary aircraft, delivery systems, and suppressant types including a
retardant product across forest and grassland landscapes. Using a combination of
field-measurements, remotely sensed mapping, and operational observation, the
testing quantified key performance variables. This included drop volume, drop
pattern consistency, canopy penetration and coverage level within vegetation
structures. Results reveal measurable performance variation between aircraft and
tank systems, demonstrating that effectiveness is highly dependent on
configuration and operational context. The findings enable direct comparison of
aircraft configurations and inform tactical deployment under varying fire-behaviour
conditions. The program represents a significant step toward evidence-based aerial
firefighting operations. Linking quantitative performance data to procurement
decisions and fleet composition allows agencies to move beyond legacy
assumptions, and toward more efficient, transparent, and accountable resource
allocation. Working with aircraft fleet managers, we are using these testing results
in combination with data-driven analysis and expert elicitation to develop
operational guidance that links aircraft performance with expected fire behaviour
and suppression objectives.
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Bringing Water to the Fire - Building a network of remote water points for
helicopters in Victoria

Presenter: Sam Hillman, Tim Gazzard, Department of Energy, Environment and Climate
Action

Co-authors: Sam Hillman (samuel.hillman@deeca.vic.gov.au, Senior Applied Fire
Scientist - Fuel Assessment, Department of Energy, Environment and Climate Action)

Fast effective response is critical in keeping bushfires small and minimising their
impact on local communities, water catchments and vulnerable ecosystems. For
remote area fires, often the first resource to commence active suppression of the
bushfire are firebombing helicopters. Efficiency (and effectiveness) of firebombing
operations are limited by the distance and elevation of suitable water points across
the landscape - that is limited by helicopter turnaround time. An analysis of existing
waterpoints that can be accessed by helicopters with belly tanks or longline buckets
highlighted turnaround times for firebombing aircraft of up to 26 minutes. To
improve helicopter effectiveness, which in turn increases the likelihood of keeping
bushfires small, Forest Fire Management Victoria (FFMVic) has set an objective of
reducing helicopter turnaround times to less than 20 minutes across eastern
Victoria by 2028. To achieve this objective, FFMVic is currently establishing a
network of 21 permanent water points in strategic locations across eastern Victoria.
These sites will be complimented by the identification of suitable mobile water
locations and configuration of mobile helidip infrastructure. This presentation will
focus on operational and modelling insights garnered through the project to date.
Specifically, we will elaborate on: « Operational lessons learnt to date - specifically
focusing on tank and site design. « Helicopter turnaround modelling methods and
use of these methods to identify sites that maximise network improvements -
Results of the helidip tank test day undertaken at 1215 m elevation with 3
helicopters and 5 dip tanks. Specifically we will report on the impact of tank
aperture size on refill times and the departure angles of helicopters filled with
water. ¢ Site and tank design considerations and insights * Use of the first attack
model to objectively record changes in the probability of first attack success and
associated changes in consequences associated with changes in fire size.

Defensive Firefighting: Where is the research?
Presenter: Nick McCarthy, Country Fire Authority (CFA)

In the most destructive, high-consequence bushfires, defensive firefighting

strategies can be the only option to protect people and assets from impacts. A
defensive strategy in bushfire operations is applied when direct containment
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through offensive tactics (such as direct, parallel, or indirect attack) is unlikely to
succeed under the prevailing conditions. Defensive actions encompass concepts
such as use of defensible space, asset protection, rescue/shelter-in-place, structure
triage, and access/egress management. Despite their operational importance, these
concepts remain poorly integrated within a coherent scientific or quantitative
framework for assessing risk and preparedness. As wildfire management systems
have evolved, most fires are now successfully suppressed in initial attack, but there
is still a residual class of low-frequency but high-consequence fires that are
uncontainable in initial attack. Examples we explore are fires such as those during
Black Saturday, Victoria and the 2025 Los Angeles fires. Around the world, agencies
are increasingly compelled to adopt defensive strategies, but the transition to and
effectiveness of defensive firefighting remains largely unexamined by the science.
Here, we present initial findings from research in Victoria, Australia, and
comparative observations from North America, introducing a conceptual model for
profiling capability and capacity for defensive firefighting. We discuss the policy
implications of adopting such a framework and identify priorities for a new
research agenda into defensive firefighting. This agenda must bridge operational
practice, quantitative modelling, and policy reform. Advancing this agenda will help
agencies and communities better prepare for, and respond to, the most destructive
fires.

Automating the reporting of wildfire risk mitigation effectiveness
Presenter: Owen Price, University of Wollongong

Given the complex and costly nature of operational treatments to reduce wildfire
risk, routine reporting of their effectiveness ought to be part of an MER program.
Here, we report on several research projects in Australia that have developed
algorithms in R for automatic calculation of treatment effectiveness in wildfire
encounters. They are: 1) Prescribed burning, tested for 5000 wildfire encounters in
Victoria 2000 to 2020. 2) Control lines, tested for 17,000 wildfire encounters in
Victoria 2003 to 2020 3) Aerial suppression clusters, tested for 5400 encounters
across Australia from 2021 to 2024. 4) Backburns, tested for 4600 backburn
‘segments’ in NSW for years 2017 to 2020 plus 2023/4. The first three of them
measure effectiveness by i) creating a 50 m spatial buffer around the treatment; ii)
identifying the half of the buffer that faced away from the wildfire encounter and iii)
calculating the “through-burn percentage”: the percentage of that away-facing
buffer that was burnt by the wildfire. The fourth is more complicated because there
are a range of outcomes (from the backburn having no encounter with the wildfire
to making the wildfire worse). It works by extending a line perpendicular on both
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sides of the treatment and sampling the time changes of fire progression polygons,
thus recreating the time dynamics of the encounter. Based on these calculations,
we found that the average through-burn percentage for prescribed burns was 77%,
the average for control lines was 79% and the average for aerial suppression
clusters was 21%. 26% of backburn segments stopped the wildfire, while 32% did
not encounter it and only 1% made it worse. The effectiveness value for each
treatment can be used for research into how to improve effectiveness. However,
there are also serious challenges with data quality to overcome before this kind of
reporting can become routine.

Fire Management Systems - Oral Presentations

Mobilising Community for suppression and protection during large scale fire
operations
Presenter: Mark Gunning, Fire Rescue Victoria

In the 24/25 Australian Bushfire Season almost a % of a million hectares of land was
consumed by fire in the Western District of Victoria, Australia. Most of those lands
burned were impacted over two spike days during a fire operation that lasted
weeks. In the leadup to one of these spike days communities were engaged to
undertake mitigation works and to prepare for suppression around their properties
and assets. When the fire ultimately struck the activation of the community led to
successful results across the firescape. Indigenous communities had undertaken
fuel management work around key cultural assets including trees and rock art. Scar
trees were wrapped in insulating material to protect them from fire - many assets
were saved because of this work. In the farming communities’ ploughs and other
machinery created breaks around key agricultural assts and homes. These same
farming communities mobilised over 200 privately owned firefighting resources,
when the fires hit, they managed many spot fires and were able allow strike teams
to focus on the main fire front and flanks. In the impacted townships, neighbours
helped neighbours bringing people together to drive to emergency relief centres or
undertake protection works at a local level. Also, in these impacted townships
meetings were conducted formal and informal, bringing agencies together with
community to share information. When the fire had passed, no lives were lost,
despite one of the fires threatening nearly 5000 homes, only four were lost. The
relationships between fire agencies, emergency services and the community had
been forged in the days prior to the fire impact - these relationships now would be
the foundation of recovery work, where required. As fires increase in frequency and
impact fire agencies will never have enough resources to deal with future
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challenges. This presentation will show you what can be achieved when we share
responsibility for fire with community. This presentation will also share some of the
strategies that led to such successful outcomes in the Victorian landscape.

Improved Long-Term, Risk-Informed Natural Hazard Risk Reduction
Presenter: Holger Maier, Adelaide University

Natural hazards currently cost the Australian economy $38 billion per year, which is
expected to rise to between $73 and $94 billion by 2060 as a result of climate
change, population growth and socio-economic development. There is therefore an
urgent need to take a risk-informed, multi-hazard approach to reducing this cost. In
order to do this effectively, the plausible spatial and temporal evolution of this risk
needs to be considered due to changes in hazard (e.g., bushfire, flooding, costal
inundation, earthquake), exposure (e.g., buildings, agriculture, roads) and
vulnerability (e.g., quality of building stock, community resilience). In addition,
different approaches to reducing each of these elements of risk need to be taken
into account, such as reducing bushfire hazard magnitude via prescribed burning,
reducing exposure via land use planning (e.g., zoning) and reducing vulnerability via
changes to building codes. In order to meet this need, the UNHaRMED (Unified
Natural Haszard Risk Mitigation Exploratory Decision support system) process was
co-developed between the University of Adelaide, the Research Institute for
Knowledge Systems and Government Departments in South Australia, Victoria,
Tasmania and Western Australia over a 10-year period and is currently in the
process of being adopted by the WA Government. The UNHaRMED process
combines qualitative stakeholder engagement processes with quantitative
modelling as part of three stages - risk foresight, risk assessment and risk
management. This enables future risks to be managed proactively and strategically
while opening up a broader range of risk reduction and adaptation strategies. In
addition, it builds a shared understanding of and develops the strategic capacity to
reduce risk and leads to transparent, repeatable and defensible evidence-based
decision making. This presentation uses case study examples to outline how
UNHaRMED can be used to support risk-informed, strategic multi-hazard risk
reduction processes, as well as the process that is currently being adopted to roll
out the UNHaRMED process across WA Government.

Understanding future fire regimes to inform management: One size does not

fit all
Presenter: Trent Penman, The University of Melbourne
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Fire regimes are undoubtedly changing around the world. Recent years have seen
exceptionally extensive and severe fire seasons across the globe. These have been
associated with significant losses of property and life, as well as detrimental
physical and mental health impacts on populations. While many studies have
estimated the immediate impacts of wildfire on the environment, the greatest
challenges in many fire-prone landscapes are ahead as they face ever-changing fire
regimes and complex, uncertain interactions with changing climate, environment
and human populations. In this talk, we will present changing fire landscapes
across south-eastern Australia and the ability of management to influence these.
Optimal solutions vary between landscapes and become more difficult to identify
when multiple values to include. Ideal solutions for biodiversity management are
the worst case solutions for human values. Best case management approaches
vary between regions with a do nothing approach the worst approach across all
regions. While the model has limitations, the results are consistent with empirical
evidence suggesting the patterns are realistic. Future management requires an
acceptance of climate induced change in vegetation and fire.

RAINBOW'S END:A UNIFIED THEORY OF FOREST FIRE MANAGEMENT
Presenter: Rick McRae, UNSW Canberra

For decades we have been very good at coming up with equations for key aspects
of forest fire management in Australia. These cover the concepts behind steady-
state fire behaviour: terrain, weather &amp; fuel. In recent years climate change
has brought dynamic wildfire - a “second species” of fire - into prominence. It has
different concepts and equations to describe its very different and very dangerous
behaviour. Here | present a model that unifies all key aspects of both types of fire
behaviour. It provides a conceptual framework giving essential insights into all the
key challenges now faced on the fireground and in the planning unit. For clarity, the
model uses simplified equations for fuel moisture, fire danger, fire rate-of-spread
and intensity. It includes key triggers for a Blow-Up Fire Event- dangerously dry
fuel, vorticity-driven lateral spread and strong wind. (The simple equations mean
that this version is not currently intended for operational decision support.) The
model highlights key conditions where the traditional core concepts of fire control
are fully applicable. It also provides insights into the effectiveness of fuel
management. A critical aspect is that it highlights conditions under which
traditional fire control concepts do not work. It also highlights a core issue with the
Continuous-Haines Index, regarding stability assessment. Observations from actual
fire events can be applied to show where conditions changed and negated the
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effectiveness of fire control objectives. The model is a set of phase diagrams, which
provide an easy visual overview of the patterns. This also allows easy assessment of
the full impacts of changes such as a forecast increase in wind speed. A full version
of the model using more complex equations would be a future goal. The concepts
could in-principle also be adapted to forests in other countries. It is only by taking
such an holistic view that we can see where future operational adaptation is
essential.

Bridging Science and Practice: Collaborative Fire Management for Biodiversity
and Community Outcomes
Presenter: Jaime Kruusmaa, Healthy Land & Water

Effective bushfire mitigation in Queensland requires more than risk assessments—
it relies on trust-based collaboration across diverse landscapes and
land-management contexts. For over 28 years, the Queensland Fire &amp;
Biodiversity Consortium (QFBC) has acted as a trusted intermediary, bringing
together Traditional Owners, government agencies, utilities, and communities to
support integrated fire management.</p>

<p>Responding to growing demand for proactive land management and practical
support, QFBC piloted three initiatives designed to create intentional space for
conversation, shared problem-solving, and learning. Using case studies from
in-field landholder workshops, burn planning sessions, peer-to-peer field days, and
holistic bushfire management planning, this presentation demonstrates how
targeted education and knowledge sharing can build trust, strengthen operational
outcomes, and support adaptive, ecologically informed fire management across
Queensland

Fire Weather - Oral Presentations

Unifying the AFDRS via a simple fire weather index
Presenter: Jason Sharples, UNSW

The Australian Fire Danger Rating System (AFDRS) categorises fire danger by
accounting for eight distinct fuel types across the Australian landscape. It provides
information that is simple and consistent, using four public rating categories and a
numerical fire behaviour index that applies to all fuels across the entire country.
The different fuel types are associated with specific fire behaviour models, each
defined by their own bespoke functional form and set of fuel characteristics. Unlike
previous fire danger rating systems used in Australia, the AFDRS combines fuel and
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weather information into a single index, rather than considering them as separate
components. In this work, we consider a simple fire weather index relating to the
rate of fire spread in grassland fuels. We show that this simple index also provides
reasonably accurate approximations of the modelled rate of fire spread in other
Australian fuel types. Based on this observation, we discuss how the simple fire
weather index can be used to unify the distinct fire behaviour models defining the
AFDRS. Specifically, we develop models that capture the essential features of the
AFDRS as a product of the simple fire weather index and a fuel-specific function.
These models support a highly parsimonious and intuitive characterisation of the
AFDRS and permit separation into fuel and weather components. This
characterisation of the AFDRS works well for all Australian fuel types with the
exception of spinifex - this issue will be discussed.

Spatial analysis of ignition impacts under a range of weather conditions
Presenter: Nicholas Wilson, Australian National University

Prevention and early detection of unplanned ignitions is essential fire management
strategies in fire prone landscapes. Activities such as ignition source management
and fuel management can prevent ignition occurrence. While fire detection
technologies can be used to quickly detect new ignitions to inform suppression
efforts. The strategic implementation of these activities requires information on
where and when ignitions are likely to occur. Many studies have developed ignition
probability models with similar trends: ignitions are more likely when fuel
conditions are dry, and near areas with human activity. However, most ignitions
either self-extinguish or are easily suppressed. Hence, the challenge is to determine
which ignitions are likely to become large or destructive fires. To address this
problem, we simulated fire spread from a grid of 7000 ignitions in Phoenix
RapidFire across the Canberra region in southeastern Australia. Fire spread was
simulated across a spectrum of high-resolution (4km) gridded weather streams
produced by BARRA-2. Weather streams were stratified at a regional scale by Forest
Fire Danger Rating (low/moderate, high, very high, severe, extreme and
catastrophic). MODIS satellite imagery was used to produce spatially variable grass
curing on the day of each weather stream. Within each Forest Fire Danger Rating
class, we sampled three days that were most strongly influenced by either high
temperatures, high winds, or high winds with a change of wind direction. We will
use these simulations to identify spatial trends in fire impacts, such as area burnt,
fire intensity and asset impacts from ignitions. We will compare these results with
and without accounting for ignition probability. Finally, the implications of this
study for ignition risk assessment and ignition management are discussed.
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Towards operational fire forecasting using theory-guided Al
Presenter: Matthias Boer, Hawkesbury Institute for the Environment, Western Sydney
University

Accurate forecasting of when and where bushfires are likely to occur is
fundamental to proactive fire management, yet current models lack skill to provide
this information at operationally relevant spatiotemporal resolutions. At the
seasonal time scale, existing (Australian) national fire outlooks, such as AFAC'’s
Seasonal Bushfire Outlooks and the AFDRS' three-monthly Fire Danger Outlooks,
predict potential fire danger and fire behaviour, but not the probability of fire
occurrence. With the increasing availability of gridded environmental data archives
and generative artificial intelligence (Al), these emerging technologies are being
applied to forecasting seasonal fire occurrence at global or (sub)continental extent,
but so far with only modest accuracies for seasonal forecasting windows. We
present progress towards an operational, theory-guided Al framework for seasonal
fire forecasting across Australia. Our Vision Transformer-based model predicts next
season’s probability of fire occurrence, P(fire), across Australia at 4 km resolution as
function of gridded environmental predictors representing the four limiting factors
conditioning fire according to Bradstock’s 4-switch concept. Our model ingests 3
months of data representing antecedent conditions and then predicts P(fire) for 1-3
months ahead in time. Validation against independent data shows P(fire) forecast
accuracies to be ~20 times better than predictions based on the (sparse) random
distribution of fire. These results demonstrate strong seasonal predictability of fire
occurrence across Australia's diverse pyroregions, both in normal and extreme
seasons, and represent substantial gains over existing models in spatial detail, lead
time, and skill. We are currently extending this approach to forecasting landscape-
scale fire propagation from active fire sources detected by satellites or other
sensors over timespans of 1-10 days. Using the VIIRS remotely sensed active fire
archive and Sentinel-2 satellite imagery we are building a high-resolution feature
data base to train deep learning models capable of predicting daily fire
progressions at 100 m spatial resolution as a function of antecedent environmental
conditions and forecast fire weather. A proof-of-concept and preliminary results will
be presented at the conference. Together, these developments illustrate a path
towards integrated, Al-based fire forecasting—combining theory-guided model
design, multi-scale predictor datasets, and novel deep learning architectures—to
support more proactive, data-driven bushfire risk management.
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Moving towards probabilistic fire weather forecasts
Presenter: Bradley Santos, Bureau of Meteorology

The Bureau's fire weather product offering is largely deterministic. Incorporating
uncertainty information and alternate scenarios can be made through commentary
in text sections of products and briefings to fire agency staff. The move to
probabilistic fire weather forecasts offers significant improvements by presenting
and quantifying a range of scenarios, including the most likely and high impact/low
probability. This will enable a better understanding of and the sensitivity of the fire
weather situation and will assist in operational planning in fire agencies. The
Bureau's product offering in other hazards (e.g. tropical cyclone, flood, rainfall)
contain probabilistic forecasts. These probabilistic concepts are transferable to fire
weather products - fire behaviour index (FBI) forecasts, wind change charts and
forecast weather elements in Incident Weather Forecasts (temperature, dew point,
relative humidity, wind speed and direction, thunderstorm likelihood). Introducing
probabilistic fire weather forecast services will require careful thought to ensure
that the information provided fits user needs and is concise and clear. In some
cases, similar or identical forecast information may need to be presented in a
variety of ways to better reflect different user requirements.

Fuel Mapping/Lidar - Oral Presentations

cloud2trees: Aerial Point Cloud-Based Individual Tree Inventories for Physics-
Based Fire Modelling
Presenter: Chad Hoffman, Colorado State University

To improve aerial point cloud data integration for forest and fire management, we
present cloud2trees, a framework and R package that streamlines data processing
for consistent and scalable single-tree inventory generation. This development was
spurred by the growing emphasis among researchers and managers to integrate
forest spatial arrangements into conifer silviculture and fire management. The
package consolidates a vast body of existing research, including our own prior work
in frequent fire conifer forests, for methods like Individual Tree Detection (ITD) and
biophysical parameter extraction. The framework provides an end-to-end workflow,
processing raw point cloud input data and generating spatial tree lists for forest
and fire applications. Evaluation against benchmark datasets for arid and fire-
adapted conifer systems resulted in 70-90% tree detection. Each tree is attributed
with its location, height, diameter, crown dimensions, FIA forest type, and crown
bulk density (though some attributes are currently limited to US datasets). This
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presentation covers the cloud2trees architecture, uses a Mogollon Rim (Arizona,
US) case study to demonstrate populating the physics-based fire model QUIC-Fire,
and discusses future development.

Modelling fire behaviour using Mobile Laser Scanner (LiDAR) fuel metrics
Presenter: Simeon Telfer, SA Country Fire Service

LiDAR scanning has been widely used to measure vegetation for fire planning and
modelling purposes. Most studies which have applied LiDAR metrics to measure
wildfire fuel have focused on trying to retro-fit lidar metrics to fuel parameters
required by existing spread models (e.g. height, cover or load). In contrast, our
research investigates fire behaviour using a range of metrics derived from Mobile
Laser Scanner (MLS) point clouds. MLS uses LiDAR technology to rapidly create a 3D
point cloud of vegetation. MLS are easier to use and cover more area than static
Terrestrial Laser Scanners and have better subcanopy detail than Airborne Laser
Scanners. The resulting 3D point cloud can then be used to derive fuel metrics such
as height and cover, but also more complex fuel metrics such as continuity and
strata characteristics. This presentation focuses on coastal mallee vegetation in
South Australia. Coastal mallee does not have a specific empirical fire spread model
and is notoriously difficult to conduct prescribed burning due to the complex fuel
arrangement. We produced LiDAR metrics for plots within prescribed burns sites
across Kangaroo Island and Eyre Peninsula using MLS. Fire spread and weather
data were collected during operations at prescribed burns using thermal UAV and
automatic weather stations. We investigate the relationship between novel fuel
metrics, weather and fire behaviour observations. This new approach paves the
way for development of fire behaviour models designed specifically for LiDAR
derived fuel metrics. We also compared our observations to empirical models
which are commonly used for coastal mallee in lieu of a vegetation specific model.
We found that spread thresholds in coastal mallee are different to those predicted
by the semi-arid mallee model. While this study has focused on coastal mallee in
South Australia, the LiDAR fuel assessment and spread modelling methods used
will be widely applicable to vegetation types with complex fuel.

UAV LiDAR-MS Fusion and a Multi-Task Model for Overstory and Understory
Fuel Type Mapping in Belgium

Presenter: Alexander Van Hout, KULeuven

Warmer, drier summers with more frequent drought episodes are increasing
wildfire risk in Northwestern Europe, making high-resolution fuel mapping a
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necessity for adequate planning and response. We present a pipeline for to
produce fuel type maps for both overstory and understory from co-registered UAV
LiDAR and multispectral (MS) imagery across eight study sites in Belgium. At a
resolution of 1 m, we fuse LiDAR structural metrics such as standard point-cloud
descriptors of vertical distributions and density, with spectrally calibrated MS
indices. Labelling and validation were based on field surveys: for overstory
vegetation, candidate polygons are formed from LiDAR canopy height model (CHM)
using height thresholds and a minimum mapping unit (MMU) of 25 m2. For
understory candidate polygons, we introduce a sub-canopy, object-based workflow:
LiDAR points are normalized and masked to tree polygons; a 1 m understory CHM
(0-1.5 m) is computed; local heterogeneity based on neighbourhood standard
deviation, segments the forested area into contiguous similarity patches. Each
patch is height-labeled by P90 and mapped to project thresholds. The resulting
portfolio covers ~290 ha with representation of FirEUrisk classes and cross-site
variability needed for generalisation. For modelling, we adopt a multi-task semantic
segmentation architecture with a shared encoder and two decoders: one head
predicts overstory classes and the other predicts understory height-based classes.
The encoder learns joint geometry-spectral features; task heads specialize the
semantics and spatial priors of each stratum. Contributions of this project are
threefold: (1) a reproducible data and labelling protocol that turns canopy and sub-
canopy structure into delineated labelled polygons (2) a multi-task fusion model
that jointly learns overstory and understory and (3) a cross-site evaluation design
that measures real generalisation, not within-site memorisation. Apart from multi-
sensor data fusion, we will also implement a multi-scale solution by including aerial
and satellite imagery to generate regionally covering fuel type maps. This work is
supported by the Belgian Science Policy Office (BELSPO) under the Research
Programme for Earth Observation STEREO IV (FuelFusion project; contract no
SR/00/421). It is also based upon work from COST Action NERO, CA22164,
supported by COST (European Cooperation in Science and Technology).

Structural Recovery Lags Spectral Greenness in NSW Sclerophyll Forests Post-
Black Summer
Presenter: Liu Zhao, University of Tasmania

The unprecedented 2019-2020 “Black Summer” wildfires exemplified the growing
frequency and intensity of fires that pose significant threats to ecosystems across
New South Wales (NSW), Australia. Sclerophyll forests, the dominant ecosystems in
this region, hold critical ecological importance and have historically adapted to fire.
However, their resilience under increasingly frequent fire regimes remains
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uncertain. Conventional post-fire monitoring primarily relies on spectral vegetation
indices (e.g., greenness), which typically show rapid recovery. Yet these indices may
obscure crucial lags in structural recovery—such as biomass and canopy layering—
that are essential for ecosystem functioning, habitat provision, and long-term
resilience. We integrated multi-source remote sensing data, including a 35-year
Landsat time series (1990-2025) to derive spectral indicators, and GEDI LiDAR data
(2019-2024) to quantify structural metrics, namely total above-ground biomass
density (tAGBD) and mean plant area index below 5 m (mPAIl,-5m). Given the
discontinuity of GEDI observations, we applied a “space-for-time” (SFT) substitution
approach to construct pseudo-temporal trajectories (0-35 years) of structural
recovery. Generalised Additive Models (GAMs) were employed to fit recovery curves
and evaluate the effects of vegetation type, fire history, severity, and topography.
Our analysis revealed a marked decoupling between spectral and structural
recovery. Spectral greenness exhibited rapid post-fire recovery, whereas structural
indicators—particularly total above-ground biomass—showed pronounced delays,
often requiring many years to return to pre-fire levels. Fire severity, frequency, and
topographic position were identified as key drivers influencing the rate and
trajectory of both spectral and structural recovery. These findings indicate that
reliance on spectral indices alone provides an overly optimistic assessment of post-
fire recovery in sclerophyll forests. The observed structural lag highlights a critical
vulnerability of these ecosystems, which may lead to shifts in ecosystem
functioning under future, more frequent fire regimes.

LiDAR can be effectively used to assess fire hazards in gardens’ defensible
spaces
Presenter: Grant Williamson, Stefania Ondei, University of Tasmania

Anthropogenic environmental changes have caused an increase in wildfire
frequency and severity, disproportionately impacting communities at the Wildland-
Urban Interface (WUI). The creation of defensible space, an area around the house
where fuel is managed according to specific guidelines, can reduce ignition and fire
spread, mitigating wildfire threat to these communities. However, defensible space
assessments are predominantly conducted on the ground, and thus logistically
challenging and heavily reliant on the assessor’s expertise. The use of LiDAR can
help to overcome these limitations, but to date its applications on garden
monitoring have been limited to a few simple metrics, not fully aligning with
defensible space guidelines. It thus remains untested if LIDAR can be reliably used
to quantify hazards within the defensible space. We conducted the first
comprehensive analysis of the defensible space characteristics that can be
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measured using LiDAR by quantifying wildfire hazards in 31 gardens located in
southeast Tasmania, using different data specification (high [85points/m2] and low
[Spoints/m2] point density) and analysis resolutions (voxel and pixel size; 0.1m,
0.25m, and 0.5m). Tasmania is an ideal case study; while prone to severe fires, its
mild climate allows to grow a wide range of plants species. Accordingly, garden
styles vary greatly and reflect the variety of settings that can be found in many WUI
locations globally. High- and low-density LiDAR datasets were processed using the
three chosen analysis resolutions, and the outputs converted into a garden hazard
score and compared with data collected in the field. Results showed a good
association between field data and LiDAR measures of vegetation cover and spatial
arrangement, but not plant flammability, inferred using NDVI, or flammable objects.
The best analysis resolution was 0.25 m for high-density and 0.5 m for low-density
LiDAR, noting that the latter consistently underestimated cover metrics compared
with high-density LiDAR. Nonetheless, garden hazard scores calculated using LiDAR
data, irrespective of point density, yielded results similar to those obtained using
only field observations. This suggests that LiDAR, combined with remote sensing
products able to quantify fuel moisture, can be used to conduct semi-automatic,
measurements of most critical garden hazards across large geographic areas.

Fuel to Fire - Oral Presentations

Fuel, Weather, and Flame: A Comprehensive Framework for Fire Behaviour
Analysis
Presenter: Hugh Wallace, Bioeconomy Science Institute (formerly Scion)

As wildfires increasingly occur in novel environments and under extreme weather
conditions, established fire behaviour prediction models are stretched beyond their
capacity to produce reasonable results. While laboratory tests expand our
understanding of fine scale fire dynamics, they cannot reproduce the complexity of
real-world fires, especially in regard to the interaction between heterogeneous
fuels, variable atmospheric conditions, and fire-atmosphere feedback processes, all
of which combine to cause unpredictable fire behaviour.

As part of our multi-year experimental burn program, we developed a
comprehensive and modular methodology to observe fire spread with high-quality
data across different fuel types and spatial scales. Sixteen field-scale research
burns were carried out In New Zealand between 2019 and 2025 in crop stubble
(Triticum aestivum and Hordeum vulgare) and gorse shrubland (Ulex europaeus)
fuels, testing the theory that convection plays a large role in fire spread. Sampling
included measurements of fuels, background meteorological conditions, fine scale
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temperature and three-dimensional wind fluctuations, UAV video imagery,
background boundary layer SODAR data, and LiDAR particle tracking.

We present our methodology as a resource to support others conducting their own
field scale research burns, as well as start a conversation around standardisation of
field scale research methodologies to encourage collaboration and generation of
easily integrated data across experiments.

Mapping fuel types across Australia’s arid interior
Presenter: Randall Donohue, CSIRO

Fires in the arid zone of Australia receive less media attention but can have
significant impacts. The fires that burnt through Australia’s Spinifex grasslands in
the 2023 ‘Black Spring’ affected about the same area as that burnt in the Black
Summer fires and probably released half the amount of carbon as those forest fires
released. While less populated, arid zones are important in terms of biodiversity,
carbon balances and indigenous culture. Due to its remoteness and vastness,
accurate mapping of the vegetation of Australia’s arid interior is extremely difficult.
This means it is equally difficult to map fuel types and therefore to understand fire
behaviour. We are investigating ways of generating higher accuracy and more
detailed maps of arid region fuel types using satellite imagery. The greatest
challenge is the paucity of field data on which to build and validate vegetation
distribution models. We are trialling a novel use of extremely high resolution (15
cm) satellite imagery to remotely derive training data for model construction. We
are combining this with recent developments in satellite-based mapping of
vegetation height, and of grassy and woody foliage cover dynamics. This will
enhance the structural mapping of arid vegetation, which can then be used to
better delineate fuel types across Australia’s arid interior.

An Empirical Relationship Between Fire Danger Ratings and the Incidence of
Fires
Presenter: Bart Pindor, Country Fire Authority

Fire Danger Ratings are one of the most important tools used by agencies to inform
the community of periods of elevated fire risk as well as for their own readiness
procedures. However, such ratings are typically based on indices such as the AFDRS
Fire Behaviour Index which specifically predict the intensity of a particular fire
under given weather and fuel conditions. Hence, the relationship between the
rating and the expected number and intensity of fires across a large geographic
region such as a Fire Weather District (FWD) is not obvious. We construct an
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empirical relationship between the daily ratings of Victorian FWDs and the
incidence of fires as recorded in the Victorian Wildfires Research Dataset. We
illustrate how such a relationship can be used to i) evaluate the performance of the
rating system, ii) predict the rate of incidents in a forecast period, and iii) estimate
the increase in agency resources required under a long-term climate change
scenario.

Improving Fire Danger Ratings: Assessing Updated Fuel Modelling in the
AFDRS
Presenter: Davie Dean, AFDRS Program, NSW RFS

The Australian Fire Danger Rating System (AFDRS) integrates dynamic weather
forecasts with current vegetation data to assess fire danger across the country. Its
effectiveness depends on two evolving components: the fuel information that
reflects current vegetation conditions, and the fire behaviour models that operate
across those conditions. Two key processes support the system’s operational
relevance and scientific responsiveness. The first is the national fuel update
workflow, which involves individual jurisdictional teams submitting proposed
changes to fuel grids and tables, followed by collaborative analysis between each
team, the National AFDRS team, and the Bureau of Meteorology. Updates are
assessed using historical and simulated weather datasets to understand their
impact on fire danger ratings at the district level. These analyses help jurisdictions
evaluate the effects of changes to fuel types, parameters, and spatial distributions
before finalising updates for operational use. The second process involves updates
to the adaptable fire modelling architecture of the AFDRS, which currently supports
over 280 distinct vegetation types nationwide through eight core models. These
updates are developed collaboratively through the AFDRS Technical Working
Group, allowing all jurisdictions to contribute to the refinement of model
behaviour. In addition to the district-level analyses used for fuel updates, model
updates involve deeper investigation into the behaviour of key variables including
fuel moisture, likelihood of spread, and crowning potential. Recent updates to
models, including Mallee Heath and Pine, demonstrate how agency feedback and
new research are integrated into the system, informed by scientific literature and
refined through national collaboration. Modelling outcomes are assessed against
both research and operational expectations, enabling targeted improvements while
maintaining transparency and traceability. Together, these processes reflect a
strong culture of scientific collaboration and continuous improvement. By
collaborating nationally to update scientifically grounded fire behaviour modelling,
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the AFDRS supports more relevant and responsive fire danger ratings, enhancing
preparedness and resilience in fire-prone landscapes across Australia.

Predicting Hourly Fire Radiative Power with Weather and Machine Learning
Models
Presenter: Christopher Rodell, Technosylva

Fire Radiative Power (FRP) quantifies the rate at which thermal energy is emitted
from a landscape fire and can be calculated from satellite measurements of
thermal infrared radiation. These satellite-derived FRP calculations have facilitated
an understanding of wildfire intensity, impact, and spread, and can be used to
estimate the amount of wildfire smoke produced. However, there has been no
operational model that predicts potential hourly FRP from wildfires across large
spatial areas. Such a model could help predict wildfire danger and improve
forecasts of smoke production and initial smoke injection height. This work
introduces a novel predictive model for FRP that is run operationally, combining a
numerical weather prediction (NWP) model with a Multilayer Perceptron (MLP)
neural network. First, NWP output is used to calculate an hourly fire weather index.
The MLP model uses these indices, along with fuel-load estimates, to forecast
potential FRP for each forecast hour across every surface grid cell within the NWP
model domain. This estimates how much radiative energy would be emitted if
wildfires were occurring at every grid point. The model was trained, validated, and
tested on 5,245 wildfire cases that burned in North America during 2021, 2022, and
2023. It demonstrates improved predictive skill over conventional persistence
models by dynamically responding to changing weather conditions. The resulting
gridded, hourly FRP forecasts are produced operationally and can support both fire
danger assessments and downstream applications such as smoke emissions
modeling and plume rise prediction.

Fuels - Oral Presentations

Fuel responses to fire interval and severity: implications for fuel prediction
models and fire risk

Presenter: Chris Gordon, Hawkesbury Institute for the Environment, Western Sydney
University

Predicting how historical fire regimes impact ecological states in fire-prone

landscapes is a key objective of environmental management operations aiming to
protect conservation and human assets. A huge body of research has quantified
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ecological responses to time-since-previous-fire; however, our current
understanding of responses to other, less noticeable, aspects of the fire regime is
incomplete. Here, we present the findings of an ongoing collaboration between
Western Sydney University and the NSW Department of Climate Change, Energy,
the Environment and Water quantifying ecological and fuel responses to fire
interval (the period between the previous two fires) and severity, in the wake of the
2019/20 wildfires. We focus on identifying how changes to floristic diversity
subsequently impacts fuel load, fuel structure and fuel decay. We extend our
results to highlight how such effects can optimise operational fuel prediction
models and thereby mitigate anthropogenic and environmental losses due to
wildfire.

How moisture content and canopy height shape gorse flammability at the
shrub scale
Presenter: Kate Melnik, University of Canterbury

Vegetation flammability is one of the main factors dictating wildfire behaviour and
is strongly influenced by fuel load, structure, and moisture content (MC). Previous
studies have often examined the flammability of individual plants or plant parts,
limiting their relevance for landscape-scale fire modelling. Reconstructing and
burning a defined area of vegetation cover under controlled laboratory conditions
can help bridge the gap between laboratory-based flammability measurements and
landscape-scale fire behaviour prediction.</p><p>This study evaluated the effects
of MC and canopy height on the flammability of gorse (Ulex europaeus) using a new
area-based experimental approach. Thirty-six gorse shrubs of three heights (0.9, 1.3
and 1.7 m) at two MC conditions (dried and fresh), each representing 2
m<sup>2</sup> of gorse canopy, were tested in a large-scale oxygen consumption
colorimeter. Shrubs were reconstructed within a 2 m<sup>2</sup> footprint with
dry mass equivalent to that of natural gorse stands, and ignited using a custom

0.91 MW gas burner.</p><p>Flammability was quantified as peak heat release rate,
proportion of fuel consumed, total heat release, heat release per initial dry mass,
heat release per consumed wet mass, and heat release per consumed dry mass.
Most flammability metrics were affected by shrub height and MC, although heat
release per unit of consumed dry mass did not change with MC. The reduction in
energy release between fresh and dried shrubs corresponded closely to the
sensible and latent heat required to heat and evaporate water in fine (&It;5 mm)
particles.</p><p>The results suggest that water in fine fuels reduces total heat
release by limiting combustion of larger particles. Additionally, taller gorse canopies
generate more heat due to higher fuel loads. The proposed area-based
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flammability testing approach enables integration with remote sensing data and
supports development of improved physics-based fire behaviour models and risk
assessments in shrubland ecosystems.

Fuelling fire behaviour models of the future - developing new fuel assessment
guide

Presenter: Merinda Day-Smith, Sam Hillman, Department of Energy, Environment and
Climate Action

Land and fire managers conduct in-field fuel assessments to validate inputs into
fire behaviour models that underpin fire simulators and fire danger rating systems,
as well as to evaluate how fuel treatments influence vegetation structure and fire
ecology. While current operational approaches implemented in Australia represent
a substantial legacy in the assessment of fuel predominantly for understanding the
chances of controlling a bushfire and expected fire behaviour, there are clear
opportunities to refine methods to better meet the needs of practitioners and
support consistent data collection across jurisdictions. This presentation outlines
the first steps in developing a new in-field fuel assessment guide as part of the
national Disaster Ready Fund project “Fuelling the Fire Behaviour Models of the
Future.” Results will be presented from an international literature review and a
national survey of operational staff identifying key challenges with existing
approaches and user priorities for improvement. This presentation will highlight
the development of a new set of vegetation focussed categories and the testing of
two draft assessment guides against current operational practices in south-eastern
Australia. The two assessment guides will leverage and build on recent work
completed in Australia using transect and 3D remote sensing methods. Early
findings suggest the adoption of new fuel categories provides a more nuanced
articulation of cover and height changes in the grass, shrub and understorey trees
that were highlighted as key elements to be assessed for the purpose of planned
burning objective assessment. Importantly, through the inclusion of novel transect
and 3D remote sensing approaches, measurements of understorey fuel
characteristics were more precise. Finally, a crosswalk between the proposed new
fuel categories and existing assessment approaches will be presented,
demonstrating the relevance to existing fire behaviour models. Through delivery of
this new guide, land and fire managers will be better equipped to capture
consistent, high-quality in-field fuel data—strengthening fire behaviour modelling,
informing management decisions, and supporting more resilient landscapes into
the future.
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Rethinking fuel dynamics - how can our systems move past fuel accumulation
curves?
Presenter: Tom Duff, Country Fire Authority (CFA)

There is a broad need for simple models that represent how vegetation fuels
recover after being burnt. These are used in fire simulation systems, risk planning
systems and the determination of fire danger ratings. The approach used widely
across Australia is the Olson-type fuel accumulation curve. Post fire, these
represent an initial rapid re-accumulation of fuel which slows to approach an
asymptote is reached. This is a commonly observed pattern, and the method has
been a reliable simple analogue for post-fire recovery However, the original work of
Olson (1963) was focused ecosystem energy balances and was not intended as a
model for bushfire fuels. There are clear documented limitations of their use in fire
management, including: they are not designed to represent fuel hazard or load,
other factors such as fire severity can affect recovery trajectory, not all recovery
patterns follow the fixed curve shape and there is no simple way to incorporate
measured data. A key value of the Olson approach that has led to its sustained use
has been the ability to represent fuel accumulation dynamics in models with a
small number of coefficients (two or three). We present an alternative approach
tailored for use in fire modelling systems that can flexibly represent complex fuel
dynamics using a small number of human interpretable coefficients. We propose
that for a specific fuel type, fuel dynamics be described by representing differences
as relative percentages of an equilibrium value for pre-set values along the range of
a dynamic variable. For example, considering a range of 20 years after fire, fuel
quantities would be specified as a percentage of equilibrium time-since-fire for 0, 5,
10, 15 years (with 20 assumed to be equilibrium). By using cubic splines to
interpolate, a simple algebraic solution that can be coded into models for
processing. With some simple conversion, a near exact fit can be made to current
operational Olson-type curves. Additionally, this approach is entirely flexible and
can support any other curve shape (including going above the equilibrium value), is
human readable, could allow multiple factors to contribute and is not limited to
time-since-fire.

Dynamic Fuel Mapping using Remote Sensing to Support Real-Time Wildfire
Prediction in Canada

Presenter: Joanna Wand, John Davies, Forsite Fire, Forsite Consultants Ltd.
Co-authors: John Davies (jdavies@forsite.ca, Sr Wildfire Management Specialist, Forsite
Fire, Forsite Consultants Ltd.)
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Our research combines uses modelling methods with remote sensing data to
generate high-resolution, frequently updated Canadian fuel type and forest
attribute maps. Designed to improve real-time fire simulation, fuel treatment
planning, and wildfire risk assessment, our approach supports a new level of
adaptability and spatial detail for fuels and fire behaviour modeling in complex
ecosystems. We integrate satellite and LiDAR data to produce province-wide fuel
maps aligned with the Canadian Forest Fire Behaviour Prediction (FBP) System.
Large areas of Canada are updated using satellite data to train fuel models. Where
available Lidar data is incorporate using machine learning models, including Boruta
variable selection and elastic net regression, to estimate canopy, midstory, and
surface fuel attributes across British Columbia and Alberta at resolutions as fine as
10 metres. Dynamic updating is achieved by incorporating grassland curing
mapping products and recent disturbance data such as wildfire, greenup and
agriculture harvest. These inputs capture seasonal and successional changes in fuel
structure, allowing maps to reflect real-time conditions relevant to operational fire
response and mitigation strategies. The resulting mapping products are coupled
directly with automated fire simulation systems, supporting decision-making during
active fire events and advancing Canada’s capacity for predictive fire analytics.

Model validation demonstrates high accuracy across canopy fuels (with 84% of
regions exceeding an R2? of 0.5) and strong performance in surface fuels (average R2
= 0.44). The methods are scalable and efficient, allowing for broad-area fuel
characterization and rapid remapping following disturbance events. By merging Al-
based modeling, satellite monitoring, and ground-referenced data, this work
establishes a framework for dynamic fuel intelligence that responds to Canada'’s
evolving fire environment. The outcome is an integrated system that enhances real-
time situational awareness, improves the fidelity of fire behaviour simulations, and
strengthens long-term wildfire resilience planning across diverse Canadian
landscapes.

Global Challenge Fire and Fuel Management - Oral Presentations

Prescribed fire management in Australia and the United States: Learning
from each other
Presenter: Brian Levine, NSW NPWS

Large and severe bushfires (wildfires) continue to burn and cause terrible damage
in Australia and the United States (US). Both countries have responded to this
threat by implementing management strategies and policies with differing results.
In this presentation, we compare how Australia and the United States (US) have
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approached the complexities of prescribed fire management, examining the
solutions each is implementing. The discussion focuses on south-eastern Australia
particularly the Australian Capital Territory and New South Wales and contrasts
these approaches with those used in the western US. Prescribed burn programs in
both countries differ markedly in efficiency and implementation. Australia’s
streamlined planning process allows burns to be developed and carried out within
a single year, supported by decision tools that assess and document
implementation risks. In contrast, US federal approvals can take several years,
though the US provides more comprehensive training and advanced fire behaviour
modelling that improve planning and safety. Australia could benefit from the US's
flexible seasonal workforce model to take advantage of favourable burning
conditions. Both nations face workforce shortages that limit burning capacity and
would benefit from expanding the use of ‘good fire’ across landscapes. The US
retains flexibility to manage lightning-ignited fires for ecological outcomes, whereas
Australia lacks comparable policies. Managing fire across dynamic landscapes is
increasingly complex. Lengthening fire seasons, stretched workforces, and the high-
risk nature of prescribed burning create significant challenges. Nevertheless,
learning from successful strategies in both Australia and the United States offers
opportunities to improve efficiency and effectiveness, supporting the goal of more
sustainable fire environments for ecosystems and communities.

Improving Fuel Management Decisions: An Interactive Tool for Forest and
Land Managers
Presenter: Amélie Jeanneau, Natural Resources Canada

Effective fuel management is critical for mitigating wildfire risk, yet forest and land
managers often face challenges in identifying and selecting techniques tailored to
their specific contexts. In response to evolving policy frameworks, such as new
provincial risk management laws that introduce challenges around risk assessment
and risk reduction planning, we are developing an interactive, user-friendly tool.
This tool consolidates and enhances existing knowledge on fuel management
practices in managed forests and wildland-urban interfaces. Built on a legacy
dataset from FPInnovations, it improves accessibility through intuitive navigation,
filtering, and side-by-side comparison features.

The project currently focuses on two key components: (1) the systematic
identification and classification of fuel management methods, and (2) the co-
development of decision-support features with end users. This co-development
process is central to our approach, as we continue to engage a diverse group of
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forest and land managers across Quebec, New Brunswick, Nova Scotia, and other
Atlantic Canadian provinces. Their ongoing input is shaping the tool's structure and
content, ensuring its relevance and usability. Preliminary testing with local
stakeholders has already demonstrated its potential to support strategic planning
and operational decision-making.

In the next phase, we will explore the evaluation of these methods’ effectiveness
based on expert input and scientific literature. Future work will also prioritize
validating and expanding the dataset, incorporating region-specific practices, and
refining usability through iterative feedback. While the current version is tailored to
the Canadian Atlantic context, the methodology is adaptable and could inform fuel
management strategies in other regions facing similar wildfire challenges.

The global wildfire crisis: the importance of expanding the role of wildfire
origin and cause invest
Presenter: Fantina Tedim, Faculty of Arts and Humanities, University of Porto, Portugal

Wildfires are increasing in frequency, intensity, and size, becoming more
destructive and affecting regions historically considered low risk. The global wildfire
crisis is widely attributed to climate change, fuel mismanagement, and expanding
development in the wildland-urban interface across fire-prone landscapes. In
response, a growing body of political and scientific work is advocating for a
paradigm shift. Proposed strategies include implementing fuel and forest health
treatments more strategically and at a scale that matches the problem, guided by
the best available science. Additional recommendations emphasize strengthening
institutional capacities, fostering greater cooperation and coordination among
stakeholders, improving fire literacy, and increasing funding for prevention,
restoration, and land-use planning. Despite growing global attention to wildfire
management, wildfire origin and cause investigation, a critical area, remains largely
overlooked. Every wildfire begins with an ignition, and determining the origin and
cause is fundamental to identifying trends, understanding systemic issues, and
developing effective, intelligence-led prevention strategies. This research explores
how wildfire origin and cause investigations are conducted globally, and the
challenges faced by investigators in the field. A global approach was adopted, using
data collected through an online survey targeted at professionals involved in
wildfire origin and cause investigations. The survey received approximately 300
responses from experts across 21 countries, covering the most fire-prone regions
on every continent. The findings reveal significant disparities among countries in
several key areas, including availability of specialized human resources, access to
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training, use of technological tools, application of fire pattern indicators, and
preservation of ignition areas. The main challenges identified by investigators fall
into seven categories: Physical - Lack of protection and preservation of fire scenes;
Policy- Low prioritization of origin and cause investigations within wildfire
management frameworks; Training- Limited access to specialized and continuous
professional development; Technology - Insufficient technological resources and
investigation tools; Organizations Culture - Resistance to adapting institutional
practices to evolving wildfire problems; Collaboration - Weak cooperation and
coordination among relevant stakeholders; and Scientific Gaps - Limited research
and understanding of ignition causes and investigative methodologies. A set of
targeted recommendations for policymakers will be presented to address these
challenges and strengthen the global role of wildfire origin and cause
investigations, an essential pillar of effective, intelligence-driven wildfire prevention.

Towards an Integrated Fire Intelligence System: Demonstrating Pathways
from Detection to Decision
Presenter: Marta Yebra, Australian National University

As fire seasons intensify globally, early detection and informed response are
becoming central to mitigating catastrophic bushfires. The Bushfire Research
Centre of Excellence at the Australian National University (ANU) is advancing an
integrated approach to bushfire intelligence that connects sensing technologies,
artificial intelligence, modelling, and decision-support systems across multiple
scales. This presentation shares insights from the Centre’s 2025 Technology
Demonstration Day, which showcased how individual technologies can work
together to form the foundation of an integrated fire-intelligence capability. The
scenario, based on a real lightning event near Canberra, illustrated: (1) lightning
detection and ignition-probability modelling, combining fuel moisture from the
Australian Flammability Monitoring System (operational on Digital Earth Australia)
with topographic and atmospheric data; (2) Al-based smoke detection through the
ACT's Watchtowers camera network using open-source segmentation algorithms;
(3) drone-based ignition verification with BVLOS flights capturing thermal imagery
and reconstructing 3D fuel structures; and (4) fire-behaviour visualisation within the
Spark platform, enhancing situational awareness with live fuel-moisture
information. While each technology currently operates independently, together
they demonstrate the pathway toward a national, integrated system linking
lightning detection, ignition assessment, early confirmation, and decision support.
The presentation will also highlight upcoming initiatives, including the Detection
Planner for optimal sensor placement, the AusSmoke benchmark dataset for Al
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smoke detection, and the OzFuel-1 satellite mission to measure vegetation
moisture and flammability traits from space. Together, these efforts lay the
groundwork for a connected, multi-layered fire-management framework that will
transform how Australia anticipates, detects, and responds to fire.

At the Intersection of Operations and Community - Decisions, Perception and
Fire on the Ground
Presenter: Rebecca Walker, Tim McKern

Across the globe, fire-prone landscapes are experiencing increasingly severe
impacts driven by climate change, effects of legacy land management practices, and
expanding communities into risk prone landscapes. In this context, fire and fuel
management is no longer just about operational response — it requires adaptation
at multiple levels, with collaboration across agencies, communities, and regions.
This session brings together operational and community-focused perspectives from
Victoria to explore how fire management decisions intersect with community
perceptions, behaviours, and responses. Drawing on recent fire season
experiences, we highlight how operational activities, side conversations, informal
interactions, and one-on-one engagement can be as influential as formal
engagement and education programs in shaping trust, partnerships, and shared
adaptive capacity. A key theme is <strong>learning across contexts</strong>. Local
insights are complemented by international lessons, including how community-
based programs in Victoria have informed adaptation approaches in Canada and
visa versa. By examining what works, what can be improved, and how ideas evolve
across regions, we emphasise the value of gatherings like IAWF for sharing
knowledge, challenging assumptions, and exploring fire and fuel management from
multiple perspectives. Participants will gain insights into: How operational decisions
influence community behaviour, and vice versa. The critical role of relational trust
and partnerships in shaping adaptation. Approaches to bridging silos across
agencies, community groups, and governments. How collaborative networks and
cross-border learning strengthen adaptive, resilient fire management systems. This
presentation demonstrates that <strong>fire adaptation is a collective endeavour,
and that spaces for dialogue and international collaboration are essential for
resilient communities and effective fire and fuel management.
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Human Dimensions - Oral Presentations

Developing a shared understanding of bushfire risk in Victoria: A behavioural
science approach
Presenter: Bernice Plant, Monash University

In light of the significant social, economic, and infrastructure impacts of bushfire in
Australia, it is crucial that bushfire risk and risk-reduction behaviours are
communicated effectively to the public. Land and fire agencies play a vital role in
engaging the community in bushfire preparedness and response via the
communication of risks and necessary behaviours to reduce or manage these risks.
Yet, differences in understanding between practitioners and communities can
contribute to underestimating risks or overestimating the effectiveness of these
behaviours. This research sought to identify shared and different understandings of
bushfire risk and risk-reduction behaviours between practitioners and community
members in peri-urban areas of Victoria, with the goal of informing more targeted
and effective risk communications. Drawing on an adapted mental models
approach to risk communication and complementary behavioural science
approaches, we conducted online or phone interviews with community members (n
=19) and land and fire management practitioners (n = 7) from selected peri-urban
areas of Victoria to identify key similarities and differences in understanding about
bushfire risk and preparedness behaviours. In the next phase of the research, a
representative sample of adults living in selected peri-urban areas in Victoria (n =
500) completed an online confirmatory survey. The survey was designed to
establish the prevalence and strength of key behavioural influences identified in the
interviews. It also examined reported preparedness behaviours and explored which
behavioural factors most strongly predict these behaviours. We will share key
insights and implications from this research that may support land and fire
management practitioners to engage with communities in peri-urban areas around
bushfire risk and risk-reduction behaviours. These insights can help prioritise
communication strategies, guide community engagement efforts, and inform
practice to build more prepared and resilient communities.

Building Relationships Through Shared Learning in Bushfire Research
Presenter: Chloe Begg, Country Fire Authority (CFA)

Trust is a foundational element in effective bushfire preparedness and response,
both between emergency management agencies and with the communities they
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serve. This presentation draws on a social research program led by the Victorian
Country Fire Authority that demonstrates how co-designed, evidence-based
research can foster trust through collaborative inquiry and shared reflection. The
program includes multiple projects focused on how community engagement, public
warnings, and perceptions of bushfire risk and vegetation management intersect
with community risk, recovery and resilience. Each project centres on community
experiences, perceptions and intended protective actions. The findings of this
research are used to inform cross-agency discussions aimed at improving practice.
A key feature of this work is the joint interpretation of research findings by diverse
emergency management representatives, which strengthens inter-agency
relationships and enhances the credibility and relevance of emergency
communication. This paper demonstrates how research at CFA is influencing fire
agency practice and community risk, recovery and resilience.

Where People and Fire meet: trust, place and partnership in Victoria’'s
changing landscape
Presenter: Dr Samantha Strong, Rebecca Walker, Community by Design

Landscapes entwine people with ecology — the two are inextricably linked. Fire-
adapted landscapes are powerful teachers, yet they are also undergoing rapid and
uncertain change. In Victoria, communities and agencies alike are being challenged
to find new, adaptive ways of living with fire amid the compounding pressures of
climate change. There is abundant evidence that community-based partnerships —
grounded in community development principles — strengthen collaboration
between agencies, local governments, local groups, and enabling organisations.
These partnerships are essential for adapting to uncertainty and navigating the
disruptions that bushfire can create. Without ongoing, trust-based relationships,
even the most well-intentioned organisational efforts are easily thwarted, adding
complexity to both risk management and adaptation. Victoria has a strong
precedent for partnership-based approaches that can be expanded and better
supported. Our presentation shares current examples of field-based engagement
drawing from applied social science and strength-based practices. These initiatives
create fertile ground to explore how trust is built — not only between people, but
between people and the environments in which they live and work. Through shared
learning among community members, ecologists, agency and community
practitioners, we reflect on how history, culture, ecology, and connection to place
shape adaptive capacity. We explore how dynamic co-learning environments can
bridge different but complementary knowledge systems, strengthening collective
understanding and practice across agencies and communities. It is imperative that
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community participation is fully integrated into high-level decision-making and on-
ground action to navigate the complex, interdependent changes within social-
ecological systems. The costly disruptions of top-down management approaches
continue to remind us why a more inclusive, place-based model is needed. This
presentation offers a timely reflection on how Victoria's evolving community based
partnerships are demonstrating progressive, practical pathways toward resilience
and renewal — grounded in trust, shared learning, and respect for the deep
interconnections between people, culture, and fire-adapted landscapes.

Igniting Innovations: Co-Developing Tech and Transforming Wildland Fire
Management for a Resilient Future
Presenter: Bethany Hannah, Wildfire International

Wildfire is no longer a seasonal emergency—it is a year-round, interconnected
system of consequence and opportunity. As fires grow larger and more complex,
the line between suppression and resilience blurs. Every operational decision now
has ecological, social, and economic implications. Yet, despite advances in research
and technology, the gap between innovation and field application remains wide.
This presentation explores how that gap can be closed—through collaboration, not
disruption.

Drawing from more than two decades of experience as a Hotshot firefighter,
wildland fire leader, and nonprofit director, Bethany Hannah examines what
effective innovation looks like when it is co-designed with the people who live and
work with fire. She argues that meaningful solutions emerge only when
researchers, technologists, and practitioners develop shared understanding, trust,
and feedback loops that honor both data and lived experience.

This session introduces five design principles for wildfire innovation: amplify human
capacity, design for dual use, embrace environmental realism, integrate end users
early, and scale across diverse conditions. Fire management professionals will gain
insight into how to engage effectively with innovators and researchers to guide
technology development toward real-world needs.

Ultimately, co-designing innovation is not about replacing instinct with algorithms;
it is about extending human capacity, elevating practitioner expertise, and ensuring
that the tools shaping the future of fire are grounded in trust and operational
reality.
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Advancing Fire Decision-Making Tools Through Stakeholder-Driven Design
Presenter: Meaghan Jenkins, Owen Ziebell, NSW Rural Fire Service

The Australian Fire Danger Rating System (AFDRS) is being enhanced through the
development of the Fire Ignition, Suppression, and Impact Indices (FISI). They build
on ongoing scientific advancements to strengthen flexibility, incorporate newer
data sources, and better characterise a broader range of situations. Moving
forward, these elements will continue to be delivered as a suite of integrated
modules within the system. This paper aligns with the conference theme “Fueling
Innovation, Advancing Fire Knowledge, and Navigating Futures”. Specifically, it
addresses subthemes under Next-Gen Technologies and Data-Driven Fire Science
and Transformative Operations and Strategic Management. We present findings
from a comprehensive stakeholder engagement process conducted between
February and June 2025, which informed the design and prioritisation of FISI
products. A mixed-methods approach was employed, combining qualitative insights
from participatory workshops with quantitative ranking and survey data. Over 370
participants from fire and land management agencies, industry, and academia
contributed through three engagement stages: national user requirements
workshops, follow-up validation sessions, and subject matter expert (SME)
elicitation workshops. Key priorities identified included the development of gridded
Flammability, Suppression, and Impact indices, supported by data layers such as
real-time lightning strikes, suppression response times, and valued asset locations.
Stakeholders emphasised the needs for individual decision-makers, the preference
for products that operate at grid scale and provide granular information for
decision-making and integrate seamlessly with existing platforms and systems.
Technical input from subject matter expert workshops informed model design and
product visualisation, including categorical thresholds for suppression success,
continuous scales for flammability, and aggregated asset data for impact modelling.
This approach demonstrates the value of a collaborative, stakeholder-driven
approach in shaping complex decision-support tools, aligning with socio-technical
systems for collaborative fire response and risk-informed planning. Outcomes of
this work have informed the development of FISI and continue to guide iterative
advancement of nationally consistent, scientifically robust products that improve
preparedness and community safety. By embedding end-user needs and leveraging
new science, FISI contributes to adaptive strategies for managing fuels under
extreme weather and enhancing operational readiness for emerging fire
environments, supporting a future where fire behaviour science and decision-
making are integrated for resilience.
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Human Dimensions of Fire: Risk, Recovery, and Resilience - Oral
Presentations

Beyond the Flame: Centering Humanitarian Impacts in Wildfire Response
Presenter: Scott Dehnisch, Georgetown University

Wildfire is one of the few disasters we choose to fight in real time. We do not battle
earthquakes or hurricanes—we respond to their aftermath. Yet as practitioners of
fire management, our instinct to confront fire head-on often distracts us from our
most important real reason for existing—the humans standing in its path, and
those who continue to suffer long after the flames are gone. As wildfires intensify
under a changing climate, global response systems remain anchored in
suppression—equipment, fuels, and aviation—while the humanitarian dimensions
of these events are left underfunded and underacknowledged. The real story of
wildfire begins where the smoke settles: in mothers losing babies in utero, children
struggling with respiratory illness, families who lose homes and livelihoods, and
communities fractured by displacement, trauma, and the slow erosion of cultural
identity. For many, these secondary disasters—smoke exposure, water
contamination, post-fire debris flows and loss of community—prove just as
devastating as the fire itself. Drawing from recent case studies across Southeast
Asia and the Americas, this presentation examines how a sole focus on fire
suppression by domestic and international disaster response authorities can
unintentionally deepen vulnerability. While billions are spent on firefighting,
comparatively little supports the humanitarian frontlines: those addressing physical
health, restoring livelihoods, and rebuilding social cohesion in fire-affected
communities. These burdens fall disproportionately on Indigenous, rural, and
migrant populations, whose resilience is tested long after official response teams
have departed. This session calls for reframing fire management as both an
ecological and humanitarian enterprise through four shifts in practice: invest
equally in suppression and humanitarian response; embed health and social
services within incident command; empower community-led preparedness rooted
in local knowledge, equity and education; and redefine success to include wellbeing
and recovery outcomes, not just containment. Through data, storytelling, and lived
accounts, this presentation argues that the true measure of fire management lies
not only in the fires we control, but in the lives we sustain. Centering humanity in
wildfire response ensures that we protect not just landscapes—but our shared
future.

57



Building Damage in the 2025 Ofunato Wildfire: Survey and Analysis
Presenter: Yuta Suzuki, Building Research Institute

On 26 February 2025, a large wildland fire occurred in Ofunato City, Iwate, Japan; it
required eleven days to contain, burned approximately 3,370 ha, and damaged 226
structures, including dwellings and non-residential buildings. This was the largest
single wildland-fire event in Japan since 1995, underscoring that strengthening
wildland-urban interface (WUI) fire countermeasures—whose risks are expected to
increase under climate change—is an urgent national priority. To inform future WUI
fire loss-reduction efforts in Japan, this study reports results for this incident based
on post-event satellite image interpretation and two field surveys, organizing the
observed damage with respect to spread factors and GIS-derived spatial
characteristics of building damage. First, we established the burn extent and the
spatial distribution of damaged buildings through satellite imagery and field
verification. Field surveys also confirmed evidence of spotting and documented
widespread outdoor presence of fire-vulnerable elements—such as wooden sheds,
small warehouses and storage units, and accumulations of fishing gear—suggesting
that ember ignitions at these items led to extension to the primary structures.
Second, using GIS, we examined building and roof construction, area-level damage
rates, and the relationship between distance to the forest edge and damage rates.
As a result, we found a clear tendency for higher damage rates with greater forest
adjacency. Conversely, discontinuous spread was observed at locations distant
from the forest edge, consistent with ember-driven spread. We expect these
findings to serve as material for examining approaches to WUlI-fire risk assessment
and countermeasures in Japan, and we will continue the analysis.

Community-based post-disaster reviews: an innovation in building trust and
resilience
Presenter: Adriana Keating, Zoe D'Arcy, Monash University

Learning to live with increased bushfire frequency and severity requires
communities and agencies to rebuild trust. The Community-Based Disaster
Learning Review is a practical and accessible innovation in building trust and
enabling community shared responsibility. We will share findings from two reviews
- sometimes called ‘community reconstructions’ - demonstrating building shared
understanding and actionable local knowledge after bushfires. We are witnessing a
rise in public distrust across the board. When it comes to disasters, communities
are increasingly characterising agency decisions as “the problem” that exacerbates
disaster impacts. At the same time, agencies are sometimes frustrated at what can
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be perceived as inadequate preparation or failure to follow guidance designed to
keep community members safe. The truth is more nuanced. Households,
community groups, and agencies all prepare as much as possible within tight
budgets and competing demands. The artificial boundary between "agencies" and
"communities" ignores that emergency workers and agency employees are also
local residents. What's needed is a practical approach to learning that moves
beyond blame to foster genuine collaboration and resilience building actions. The
Community-Based Disaster Learning Review offers this. Developed by Monash
University researchers through the Fire to Flourish program, this practical tool
brings communities and agencies together to collaboratively reflect on what
worked - and what didn't - before, during, and after disasters. Its trauma-informed,
no-blame approach creates safe space for honest dialogue and locally-owned
insights that strengthen local disaster resilience. This presentation showcases how
it has been applied in two distinct bushfire contexts: Tenterfield, NSW (2023) and
Montrose, Victoria (2025). Despite very different project partners and review briefs,
the methodology proved adaptable and powerful in both settings. By examining
these case studies, we demonstrate how post-event reviews can shift from
problematizing different actors to building trust and resilience.

Building the next generation of post-disaster survey tools
Presenter: Elana Berton, Peter Baker, CSIRO

Post-disaster surveys are critical for understanding how built structures and their
surrounding environments are affected by natural hazards. These assessments
inform community preparedness by guiding policy development, educational
initiatives, building and planning regulation, and community education. CSIRO and
other agencies have conducted post-bushfire surveys for more than 40 years . Over
this time, CSIRO has helped to develop digital collection tools and improved
analysis procedures. Despite progress made, Australia still faces ongoing data-
collection challenges, such as inconsistent methods, standards and schemas,
resource constraints and poor interoperability across jurisdictions, leading to
under-reporting of disaster impacts. In addition, commercial offerings often incur
high licensing costs which reduces accessibility and scalability. To address these
challenges, the National Bushfire Intelligence Capability (NBIC) has co-designed and
built the Disaster Assessment Surveyor System (DASS). The DASS is a digital
platform for post-disaster impact assessments, enabling government agencies to
conduct both online and offline surveys. DASS is comprised of two integrated tools:
a user-friendly, iOS and Android mobile application for both initial and detailed
assessments; and a web portal for managing users, surveys and data. The DASS
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simplifies interstate and interagency collaboration by avoiding per-device licences
and providing a rapid onboarding experience. The platform includes two co-
designed, customisable templates, for initial and detailed assessments that are
currently focused on bushfire data collection with extension to multi-hazard
assessments as the next stage. The DASS enables collaborative, nationally
consistent data collection, ultimately supporting data-driven decisions to reduce
disaster risk.

Indigenous Knowledge and Collaborative Fire Stewardship - Oral
Presentations

Enhancing Collaborative fire management: Translation knowledge into
practice.

Presenter: Graham Moore, Greg Summerell, DCCEEW

Co-authors: Greg Summerell (gregory.summerell@environment.nsw.gov.au, Senior
Team Leader, DCCEEW)

On the Far South Coast of NSW, an innovative project to weave together Aboriginal
cultural science and western science has been developed by the Applied Bushfire
Science Program from NSW DCCEEW. The project is a partnership with the
Merriman’s Local Aboriginal Land Council, with the aim to develop a community-led
approach for participation in formal Bush Fire Risk Management (BFMC) processes.
BFMCs have representation from all land management agencies and organisations
in NSW that have responsibility for bushfire management and emergency
responses. While there has long been a position at the BFMC for Aboriginal
representation, it has often not been filled, as representatives did not feel culturally
safe or that their knowledge was ‘heard’ or included in planning. The NSW DCCEEW
project has successfully developed an action research methodology to address this
gap. The approach overall can be broken down into the following steps: 1) Partner
with Aboriginal community to co-develop an action research methodology 2)
Reconnect community back to Country and culture through a kinship methodology
that rebuilds relationships and knowledge sharing between Aboriginal groups in
Southeastern NSW 3) Build the capacity and confidence of Aboriginal Rangers to
better understand western fire management processes and language 4) Strengthen
relationships between Aboriginal Rangers, RFS, NPWS, Crown Lands and Forestry
Corporation. 5) Foster greater cultural humility and understanding within RFS,
NPWS, Crown Lands and Forestry Corporation This presentation will describe our
approach and the successful outcomes achieved by ensuring Aboriginal
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representatives are able to participate in, and influence, bushfire management
processes.

Returning Cultural Burning to the Forests of Lil'wat Tmicw
Presenter: Jordon Gabriel, Tonya Smith, UBC Centre for Wildfire Coexistence & Lil'wat
Forestry Ventures

We will present research being done in partnership with Lil'wat Forestry Ventures
(LFV), the Lil'wat First Nation's forestry company, and the UBC Center for Wildfire
Coexistence on Indigenous-led cultural burning in forests of Lil'wat territory (British
Columbia, Canada). LFV is implementing wildfire risk reduction and forest
restoration, after a century of active fire exclusion, using cultural burning and fuel
treatments. Concurrently, we are conducting research on the responses of
culturally important foods and medicines to these treatments. Cultural burning is
ocurring in conjunction with LFV's forest harvest activities, which permit LFV to use
fire in synchronicity with timber management for the furtherment of the
community's land stewardship objectives. Our presentation will introduce the
Ethical Space approach guiding our research. TWe will present some preliminary
findings from archival research being done to understand historic cultural burning,
which involves looking at narrative records of cultural use collected by Lil'wat
researchers alongside anthropologists throughout the 20th century. These findings
indicate specific plant responses to fire-maintained ecosystems and characterize
the relationships that Lil'wat people had with the territory and with fire prior to
European colonization. We will also present a brief institutional analysis of the main
actors and institutions in the Lil'wat burning context, and analyze how
contemporary fire stewardship is creating new avenues for relationship building
among historically disparate organizations and asses why those relationships are
important for cultural burning moving forward. We will then distunguish the unique
approach to mixed methods research being conducted to create a monitoring
protocol for cultural plant responses to treatments, and comment on some of the
observations relating to plant responses to changing weather and precipitation
regimes resulting from climate change. Our presentation will synthesize takeaway
lessons from our preliminary research that will be of interest to practitioners,
researchers, policy makers and community groups operating at the intersection of
wildfire and forest management.

Fire stewardship for plants through an emerging knowledge exchange
Presenter: Renee Woodward, Uncle Graham Moore, University of Melbourne
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Co-authors: Uncle Graham Moore (blubug@hotmail.com, Gurrungutti-Munji-Yuin,
Djiringanj Country, Far South Coast, Yuin Elder and Senior Scientist Cultural Science,
Science and Insights Division, NSW Department of Climate Change, Energy, the
Environment and Water, NSW

Fire regimes - the frequency, intensity, seasonality and extent of fires - are changing
globally. These changes are being driven by human activities that include climate
change, as well as barriers to the continuation of Cultural practice by First Nations
communities. As a result, altered fire regimes are imperiling terrestrial biota
globally. Identifying plant species that are priorities for policy and management
support is critical to maintaining healthy Country, and reducing risk from future
fires. This includes impacts resulting from the application of hazard reduction and
wildfire response activities. Understanding how plants respond to varying fire
regimes remains a major management challenge due to the number of species,
and the diversity of their responses. Healthy Country is sustained by burning
practices that respect sacred sites, stories, cultural protocols within different types
of Country. While there has been significant growth in the interest and support for
First Nations caring for Country practices, in particular the application of Cultural
fire, work to partner with communities to sustainably regrow cultural capacity and
capability remains limited. To walk and to work on Country together, including with
non-First Nations researchers, is the best mechanism for fire knowledge sharing
and learning. Fire management in NSW is led by government agencies, and there
are significant barriers to cultural fire practice. Whilst there has been progress to
improve outcomes for Cultural assets, there is still limited consideration of First
Nations values, protocols, and approaches to fire management. This project seeks
to identify protocols to bring together western and First Nations scientists in a
culturally appropriate way. In doing so, we aim to weave knowledges of how plants
respond to fire, bringing the strengths of traditional knowledge alongside western
science-based approaches and enabling us to try new ways to protect values and
assets on Country.

Protecting cultural heritage through fire planning

Presenter: Donna Sherwen, Michael Sherwen, Country Fire Authority (CFA)
Co-authors: Michael Sherwen (michael.sherwen@cfa.vic.gov.au, Cultural Heritage
Advisor, Country Fire Authority)

Fire is a critical and destructive threat to Cultural Heritage, exacerbated by changing

climate and limited access for First Nations peoples to apply Traditional Knowledge
systems. This has increased vulnerability and is adding to the urgency to recognize
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and address this challenge. While fire risk reduction planning has advanced over
the past decades, approaches in safeguarding Cultural Heritage remains
underdeveloped. Country Fire Authority (CFA) is committed to the protection of
Cultural Heritage, resourcing -Heritage Positions, developed Policies, Practice Notes
and Procedures. Current planning processes incorporate cultural values
assessments to identify heritage assets and prescribe mitigation strategies. These
include contingency measures for newly discovered heritage and post-treatment
evaluations. This has resulted in the avoidance or minimisation of harm to Cultural
Heritage from planned vegetation (fuel) management activities. However, further
refinement is needed to ensure mitigation strategies are practical, effective, and
outcome driven. Improved protection requires investment in research, data
collection, and the evaluation of mitigation techniques. Collaboration with
Traditional Owners is essential, enabling leadership and integration of Traditional
Knowledge. Emerging technologies—such as thermal imaging and drone-based
monitoring—offer promising tools for safeguarding heritage. Heritage staff are
working with internal R&amp;D and institutions to build and develop on existing
knowledge, such as artefacts impact from fire, radiant heat on culturally modified
trees, monitoring of mitigation treatments on known heritage sites. Addressing this
challenge requires partnerships and innovative approaches that advance fuel
management activities aimed at reducing fire risk to Cultural Heritage. Cultural
Heritage foster's identity, belonging, and community resilience. A proactive
approach to fuel management is vital to reduce fire risk and ensure long-term
protection.

Indigenous communities empower transdisciplinary collaborations that
overcome barriers in landscape-
Presenter: Melanie Stutt, Sarah Smith-Tripp, Center for Wildfire Coexistence

Indigenous communities are highly vulnerable to catastrophic fires, but fire
mitigation is challenging due to vast territories, administrative barriers, and high
costs. Reducing catastrophic fire risk with forest thinning and mastication is well
demonstrated in western North American conifer forests, but resources to
implement these treatments can be low. We introduce a co-designed project
among indigenous, non-indigenous, private, and academic partners. In our work,
we highlight the importance of collaboration to circumvent administrative barriers
and implement effective mitigation. We argue that because indigenous
communities span physical and administrative boundaries, they empower
innovative and collaborative landscape-level wildfire risk reduction. We highlight
four primary outcomes from our co-designed work. One, indigenous values
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prioritize larger spatial scales and longer time horizons. Two, indigenous values
diversify what is valued beyond the recent historical focus on timber-bearing
forests. Three, existing standards and collaborations among First Nation
communities can create novel pathways for management action. Four, as territories
can span large areas, the benefits of landscape fuel mitigation from one region can
be rapidly integrated into other parts of the territory. Our work demonstrates these
outcomes while collaborating within the Simpcw First Nation territory in Southern
Interior British Columbia. This work benefits from strong community, cultural, and
ecological ties that bridge disciplines, span boundaries, and overcome financial
constraints. Overall, when management that aims to reduce the risk of catastrophic
fires broadens what is valued, and considers larger spatial scales alongside longer
time horizons, initial investment costs for activities like forest thinning and
mastication is low in comparison to the benefits gained.

Territorial patrol: an Indigenous model of land-based engagement and fire
stewardship
Presenter: Sarah Dickson-Hoyle, University of British Columbia

The ever-growing interest from scientists and land managers in Indigenous fire
knowledge and stewardship practices has, for many communities, resulted in
increasing engagement fatigue and demands for more community-led and
culturally responsive approaches. In this presentation we draw on collaborative
research with Skeetchestn, a Secwépemc Nation community located in interior
British Columbia, Canada, to highlight the role of Indigenous 'territorial patrol'
programs in leading innovative approaches to community engagement and fire and
land stewardship. We describe Skeetchestn’s model of 'community ride alongs', in
which Elders and resource users are invited to join territorial patrol staff as they
drive and monitor their fire-affected territory, and how this facilitates community
documentation of cultural knowledge, sites and observations of landscape change;
identification of community priorities for post-wildfire restoration; and “restorying”
the territory, through inter-generational sharing of stories, memories and oral
tradition. We also highlight Skeetchestn's work to reintroduce cultural fire in their
territory as part of healing the land and their relationships with fire. These findings
demonstrate the value of community- and land-based engagement approaches,
and the potential to scale up collaborative fire stewardship through Indigenous
territorial patrols.
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Traditional Practices and Challenges of Grassland Controlled Burning in Japan
Presenter: Chiho Ochiai, Graduate School of Global Environmental Studies, Kyoto
University

In Japan, there are regions with grasslands where controlled burning has been
practiced for centuries. The Aso region is said to have over 1,000 years of
experience with controlled burning. Around 1900, its grasslands covered
approximately 45,000 hectares, but today that area has been reduced by half. The
purposes and functions of controlled burning are to suppress the growth of shrubs
to promote the growth of grass species preferred by grazing cattle and horses, thus
securing good-quality forage for livestock. It also serves to burn overwintering
insects and disease pathogens, maintaining sanitary conditions for grazing; to
prevent soil erosion by deciduous trees, thereby preserving the grasslands; and
additionally, the landscape created by these controlled burns has become a well-
known tourist attraction. Local residents have inherited knowledge and skills
essential for this practice: Before conducting controlled burns, grass is cut to create
firebreaks—about 8 meters wide—around forest plantations and buildings to
prevent the fire from spreading. The experienced practitioners conduct the burns
while carefully considering wind direction and strength. However, this work
requires tremendous effort because it must be done during the late summer heat
and on steep slopes, often exceeding 35 degrees, where workers use brush cutters
by hand. In total, the firebreaks extend approximately 640 kilometers, making the
task highly labor-intensive. In recent years, the decline of livestock farming, along
with depopulation and an aging population, has resulted in labor shortages.
Consequently, many grasslands have been left unmanaged, leading to forest
encroachment through natural succession and reforestation. This has reduced the
total area and created a mosaic pattern of grasslands and forests, increasing the
total length of firebreaks required and making controlled burning increasingly
difficult, even though a framework to involve new participants has also been
initiated. Moreover, in Japan, small-scale burning has traditionally been conducted
by individuals. However, fires have occasionally spread out of control, resulting in
wildfires and even fatalities. In the current situation, where depopulation and aging
have led to the expansion of forests, it is necessary to implement measures to
ensure the continued practice of controlled burning.

Fire deficits reveal departures from historical fire regimes in British

Columbia, Canada
Presenter: Jen Baron, University of British Columbia Okanagan
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Fire regimes are changing rapidly in British Columbia (BC), Canada, where shifts in
climate and a long period of fire exclusion and forest ingrowth have driven
increases in extreme fire behaviour and fire effects. Modern fire seasons have
departed from 20th century and pre-colonial fire regimes, distinguished by changes
in fire timing, cause, size, burned area, and severity. Fire deficits quantify the
departure of contemporary fire regimes from pre-colonial fire frequency and
severity. Conversely, fire surpluses represent the extent to which current forests
are burning more frequently than predicted by the historical record. We classified
pre-colonial (1200-1850) fire frequency and severity across British Columbia by
compiling existing dendrochronological fire history reconstructions and mapping
them to spatially explicit biogeoclimatic subzones using spatial interpolation
methods to produce the Historic Natural Fire Regimes (HNFR) dataset. This spatial
data product serves as an evidence-based, modern alternative to the provincial
Natural Disturbance Types (NDT) by reflecting the historical role of active fire
regimes and Indigenous fire stewardship practices. By combining this dataset with
contemporary fire perimeters (1919-present), we quantified spatially explicit fire
deficits and surpluses using the fire regime interval departure (FRID) metric. We
discuss our findings in the context of other landscape disturbances including insect,
harvesting, and prescribed fire, and use these results to identify restoration
priorities and pathways for landscape fire management.

Initial Attack - Oral Presentations

Do initial attack models work for triage?
Presenter: Elena Tartaglia, Department of Energy, Environment and Climate Action

Initial attack refers to the first set of firefighting actions undertaken at a newly
reported fire, with the aim to control the fire's spread. When multiple fires are
reported and resources constrained, decisions need to be made about triaging fires
for an escalated response. We developed empirical initial attack models for grass
and forest fires for the specific purpose of triaging fires. Using a recently developed
dataset of spreading fires, we tested three statistical modelling techniques to
estimate the probability of unsuccessful initial attack. We assessed the models'
performance and how practical it would be to use them in an operational setting
using statistical techniques and case studies. In this talk, we will discuss how the
models have limited skill overall and are unable to distinguish fires where
bottlenecks affect the initial attack suppression. We will highlight the importance of
taking an application specific approach to developing and validating initial attack
models.
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Validated Dynamic Fire Risk Assessment to Support Operational Decision-
Making
Presenter: Macarena Ortega, Technosylva

Wildfire risk assessment traditionally integrates fuel characteristics, topography,
and climatological conditions to estimate the probability and potential severity of
fire events within a given area. Conventional approaches typically provide a static
view of risk, limiting their ability to inform rapid operational decisions. In this study,
we build upon traditional approaches by developing a dynamic fire risk framework
(FireRisk), incorporating forecasted weather conditions and systematically
generating ignition points across the landscape to run independent fire
simulations. These simulations generate metrics of fire behavior and potential
impacts on populations and buildings. To contextualize daily operational risk, we
calculated the historical risk (FireSight) by implementing a framework simulating
hundreds of representative historical weather scenarios for each ignition point that
saturates the landscape. This approach enables the determination of historical
percentiles, situating the forecasted daily risk within the broader range of observed
conditions, aiming to fire managers gain an understanding of how exceptional
predicted conditions are. A key element of our methodology is the rigorous
validation of the wildfire risk framework using a comprehensive dataset of wildfire
events in the United States, with particular emphasis on catastrophic fires. For each
historical fire event, we analyzed fire risk metrics and determined the
corresponding percentiles of the day's conditions within the historical context,
enabling a quantitative assessment of model performance under extreme
scenarios. Results indicate that the majority of catastrophic wildfires occurred
under conditions classified in the upper percentiles, typically above the 95th
percentile. This study demonstrates that our wildfire risk modeling reliably captures
extreme fire behavior scenarios, providing a robust framework with practical
relevance for decision-making. Historical risk highlights areas and conditions that
consistently exhibit elevated fire potential, offering a long-term perspective for
mitigation planning. In contrast, daily dynamic risk reflects predictive conditions,
supporting real-time operational decisions and resource allocation, thereby
enhancing both safety and efficiency in wildfire management.
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Four thresholds that describe the sensitivity of wildfires to initial attack
Presenter: Kristy Butler, Country Fire Authority (CFA)

In wildfire management, there is a dominant narrative around wildfire suppression:
that a fire ignites, spreads, initial attack suppression is attempted, then impacts
follow depending on whether that suppression is successful. This narrative informs
policy decisions, training and investment in research and modelling, and has
shaped our focus on improving initial attack success rates as a solution to
preventing wildfire impacts. However, through a detailed review of hundreds of
wildfire reports in Victoria, we have found that this timeline does not play out as
imagined in the majority of fires. Our review shows that approximately 80% of
reported wildfires are not spreading, even under extreme conditions. Conversely,
approximately 0.5% of fires are already beyond suppressible limits when initial
attack resources arrive, so the focus is immediately on defensive tactics to protect
lives and assets ahead of suppressing the fire. The remaining fires can be separated
between those that are easily suppressed with default resources dispatched, and
those where initial attack timing and weight is critical to the fire's outcome. We
formulate this complexity into four thresholds, which describes the state of the
incipient fire, and reflects the initial attack suppressibility and resource needs. We
will argue that categorising fires in this way has implications for agency response
and modelling. However, it also provides a common language between operations
and research, which is necessary to ensure suppression operations research is
grounded in real-word conditions.

3 Years on from the development of the suppression effectiveness model
from an FBAN perspective
Presenter: Peter Ashton, DEECA

A proof-of-concept “first attack” suppression model was developed in 2023 to assist
decision-makers to estimate the probability of a bushfire being contained based on
different combinations of resources being dispatched to the fire, eg the number
dozers, helicopters, tankers etc. 3 Years ago the “first attack” suppression model”
went from a concept to a working model. Following on from the development of
the model, a team of operators have been trained and are now part of a regional
response roster to support the Regional Agency Commanders in first attack
decision making resource utilisation and planning. The model has now been used
as part of a regional roster and has had exposure to real time application. This
presentation will explore a number of areas that include: - The model front end and
user interface - Exploring the inputs - Operator training and understanding of
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outputs - How the model was used and the outputs most commonly communicated
- Performance of the model against the actual outcomes o A Case study o Dealing
with uncertainty - Preparedness planning - Use of the model in strategic planning -
Future improvements o The use of importing previous simulations o Adding the
capability of using any simulator o Adjusting weather

Land Use Planning - Oral Presentations

Landscape fire management through the lens of a public authority
Presenter: Marty McLaughlin, Susan Scott, Department of Environment, Tourism,
Science and Innovation

Co-authors: Susan Scott (susan.scott@detsi.qld.gov.au, Manager, Fire Services,
Department of Environment, Tourism, Science and Innovation)

The Queensland Parks and Wildlife Service (QPWS) is responsible for fire
management across Queensland'’s protected areas and state forests, encompassing
both planned burning and bushfire response activities. The dynamic nature of
landscapes, climate, budgets, and operational frameworks demands an agile, risk-
based, and responsive approach. Over the past five years, QPWS has significantly
enhanced the structure, methodology, and outcomes of its fire management
program. In 2024/25, QPWS delivered its largest-ever planned burn program,
treating nearly one million hectares of national parks and state forests. Key
advancements include strengthened governance protocols, enhanced risk-based
decision-making tools, modernised strategic documents, and the integration of
contemporary and traditional planned burn practices. Aerial burning was a major
component, complemented by improved social licence and partnerships with First
Nations peoples to deliver cultural and landscape fire management activities. The
program has successfully aligned environmental, social, and cultural objectives,
often achieving multiple outcomes within a single burn. The QPWS planned burn
program spans 14% of Queensland, encompassing diverse ecosystems and
landscapes, from Great Barrier Reef islands, cultural sites and parks on the
doorstep of Brisbane CBD. Despite the success of the 2024/25 program, challenges
persist. These include inconsistent budgets, evolving operational frameworks,
limited influence over market products (e.g., vehicles and firewear for diverse
groups), and the need for ongoing investment in technology. Additional pressures,
such as workforce burnout and a volatile media cycle, further complicate fire
management efforts in a changing climate. Nevertheless, QPWS is building
resilience by modernising tools, processes, and procedures, supported by clear
governance structures and robust workforce protocols. By integrating fire
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management across operational activities and adopting practical, science-driven
solutions, QPWS continues to deliver a world-class planned burn program. This
program not only mitigates bushfire risks but also enhances environmental
conservation and societal benefits, demonstrating QPWS’s commitment to
sustainable and effective fire management in Queensland.

Does designing gardens for fire mitigation and biodiversity conservation
promote residential action?
Presenter: Nathan Campbell, Lincoln University, New Zealand

Biodiversity loss and wildfire mitigation are typical issues in suburban sprawl, with
special prominence in peri-urban landscapes abutting vegetation. Landscapes that
fall into this category are part of the Wildland Urban Interface (WUI), a zone that
suffers the most economically damaging wildfires. Fire is a natural process and is
essential for biodiversity conservation in many ecosystems, but the current wildfire
management paradigm can focus on risk-aversion and mitigation to the detriment
of biodiversity. As anthropogenic-induced changes in climate, land use and fuels
result in increased wildfire frequency and severity worldwide, human and natural
ecosystems are both at risk. Novel solutions are required to concurrently manage
fire and improve indigenous biodiversity in the WUI. However, development of
successful solutions is dependent on understanding the perceptions and subject-
literacy of people living in these landscapes. This project aims to determine the
opportunities, challenges, and limitations faced in planning wildfire-mitigative and
biodiverse garden spaces in the fire-prone landscape of greater Otautahi
Christchurch in Aotearoa New Zealand. Semi-structured interviews will be held with
residents to record their lived-in experience in this landscape, and with local
experts in fire management and biodiversity conservation. To tie these together, a
scoping literature review will collate residential wildfire research and policy,
drawing on international resources. The three data streams (resident, expert, and
literature) will be analysed against key research themes to identify a range of
effective garden-scale actions for greater Otautahi Christchurch. These themes will
be explored spatially with the Design Thinking Methodology, using analytical tools
to measure how different scenarios prioritise wildfire management, biodiversity, or
a mixture thereof. It is expected that wildfire management solutions that improve
biodiversity will be more attractive to residents than biodiversity actions without
fire mitigation ecosystem-service provision. The resulting recommendations will be
drawn from science, design, and sociology, demonstrating how cross-disciplinary
studies can provide novel solutions to difficult modern problems, and providing a
model for similar analyses in other fire-prone landscapes.
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Use of bushfire places of last resort (Nearby Safer Places) in Tasmanian
Bushfire Communications
Presenter: Anna Marie Gjedrem, Fire Centre, University of Tasmania

Bushfire has the highest risk profile of all natural hazards in Tasmania, as most
population centres are located near highly flammable vegetation. Consistent with
global trends, Tasmania’s exposure to bushfire is increasing under a warming
climate. In this context, it is critical that Tasmanians understand how to manage
their bushfire planning, and receive clear advice from relevant authorities. In
Tasmania ‘Nearby Safer Places’ (NSP) (also known as ‘bushfire places of last resort’
(BPLR) are designated locations intended for use when all other plans have failed.
Anecdotal and research findings suggest there is community confusion over the
role of these locations; a 2023 Tasmanian survey suggested almost 50% of
respondents plan to evacuate to a NSP/BPLR if their home was under bushfire
threat. Hypothesising that the messaging on NSP/BPLR impacts evacuation
decisions, we embarked on a collaborative research project to clarify community
understanding of NSP/BPLR, and to recommend improvements in bushfire
education information. This project envisions that Tasmanians at risk of bushfires
clearly understand the role of NSP/BPLR in their bushfire preparedness and
planning, with the aim to provide recommendations towards this outcome. A mixed
methods approach was used, including a literature review, content analysis of
existing Tasmanian materials on NSP/BPLR, and quantitative analysis of the 2023
Tasmanian bushfire survey data on evacuation preferences among residents. Our
literature review identified inconsistencies in terminology and interpretation of
NSP/BPLR across agencies in all Australian states/territories. Content analysis of
Tasmanian materials revealed that NSP terminology was often used in an
operational context, while BPLR was used in an educational/community
engagement context. This created confusion among stakeholders. Furthermore,
guantitative analysis of survey data showed a striking difference between local
government areas with respect to proportions of residents identifying NSP/BPLR as
a preferred evacuation location, highlighting prime opportunities for targeted
communication and education programs. Our findings indicate that further work is
needed to standardise messaging on NSP/BPLR, both in Tasmania and nationally.
There is also a need for evidence-based research to guide communication
strategies, terminology and ensuring these concepts are clearly understood and
effectively conveyed.
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Triage in government decision making about fire: a Strathbogie Forest case
study
Presenter: Phillipa McCormack, Adelaide University

Triage is a process of prioritising actions when resources are constrained and
multiple values are in conflict. Triage is unavoidable in climate adaptation decision
making, including in the context of fuel reduction or prescribed fire. In fact, the
operation of laws about native vegetation, biodiversity, land use planning, cultural
heritage, emergency management and many others, can mean that decisions about
prescribed burning are intensely challenging and high-conflict. However, at present,
triage is also often opaque or implicit in legal frameworks and its outcomes are
deeply contested. Governments around Australia are reviewing or rewriting laws
that are relevant to fuel reduction and hazard management across landscapes. For
example, the Commonwealth government is negotiating major changes to the EPBC
Act, and the Victorian Government has committed to drafting a new ‘Public Land
Act'. At the same time, major government and NGO reports such as the National
Climate Risk Assessment 2025 and State of the Environment 2021, demonstrate
that decisions about prescribed fire and the values that it affects will become more
challenging, not less, over coming decades. This paper takes a recent Federal Court
decision about prescribed fire in Victoria's Strathbogie Forest as a case study,
demonstrating how environmental laws currently apply to prescribed fire and the
kinds of values that are being triaged. The goal of this paper is to examine how laws
could, and perhaps should, work differently in a rapidly changing and increasingly
flammable future.

Land Use Planning for Ember Attack: Strengthening Settlement and Urban
Design Resilience
Presenter: Laura Gannon, Meridian Urban

Land use planning and building assessment methodologies in Australia focus
extensively on the radiant heat and flame contact dimensions of bushfire
behaviour. Ember attack is certainly addressed by building provisions under the
National Construction Code, but how land use planning considers the potential
consequences of ember attack is less advanced. Globally, climate change is
increasing loss and damage in communities including in highly urban contexts, as
wildfire transitions to urban conflagration. Colliding with the national housing crisis,
increasing demand for greenfield urban development is continuing to expand our
interface with the bush. A key opportunity is the considered use of density controls
and settlement planning mechanisms, achieving greater separation in built form at
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the immediate interface, and location of greater density in areas away from the
interface. For too long in Australia we have sought homogeneous densities across
greenfield subdivisions up to the interface, however growing global trends of urban
conflagration cause us to rethink this and implement additional measures to
bolster resilience. Impacts on yield can be alleviated through innovative, resilience-
informed urban design practices, but we also need a mindset change.
What is needed to achieve change:
e National / state-based design standards and best practice guidance for
bushfire resilient settlement and structure planning, including subdivisions
e National / state methodologies to assess potential future bush fire risk driven
by development
Increased spatial analytics integrated into practice to understand and identify:
e Locations where fuels types are conducive to increased ember attack
e Geographic contexts and terrain characteristics which may influence density
of ember attack
e Strategic planning practices that frontload fire behaviour dynamics to inform
density, zoning, land use and design
e Incorporation of climate planning measures that factor in tomorrow'’s fire
weather.

Landscape Dryness - Oral Presentations

Improving the AFDRS though integrating process driven fuel moisture and
flammability models

Presenter: Alex Holmes, NSW Rural Fire Service

We present improvements to fuel availability and moisture estimates for the
Australian Fire Danger Rating System (AFDRS) by integrating a process-driven fuel
moisture content (FMC) model (Perello et al., 2025) with a logistic regression model
for flammability based on observational fire data. The Perello et al. (2025) fuel
moisture model provides physically consistent estimates of dead FMC, which we
combine with a logistic regression trained on observational fire-presence data. This
regression links temperature, wind, cumulative 24-hour precipitation, and Perello
FMC to generate a probabilistic flammability index. Our approach builds on
established empirical flammability relationships (Hernando et al., 2009; Hachmi et
al., 2011; Masinda et al., 2020; Chuvieco et al., 2004) while being tunable to
Australian vegetation types through their moisture-of-extinction parameters
(McCaw, 1995; Bradstock, 2012). We evaluate this paired approach against common
alternatives, including Hernando et al.'s classification-based flammability index,
Hachmi et al.'s regression models, Masinda's logistic regression model, the
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Australian Flammability Monitoring System (Yebra et al., 2019, 2021), Simard's
DFMC (1968), VPD-derived DFMC (Nolan, 2010), and Yebra's LFMC (2018). The
Perello/logistic combination effectively reconciles mechanistic moisture/energy
fluxes with empirical-ignition patterns. Through resolving FMC with the equilibrium
moisture content, Perello improves moisture variability accounting for precipitation
effects that alternative models miss, while the custom logistic fit captures observed
meteorological sensitivities that static flammability components overlook. Results
demonstrate marked improvement in fire presence/absence discrimination
compared to existing AFDRS components and their alternatives.

Landscape Dryness and Extreme Fire Behaviour: Insights from Victoria's Little
Desert Bushfire
Presenter: Darcy Prior, Department of Energy, Environment and Climate Action

While climate change impacts on landscape dryness are well established, empirical
evidence documenting how these changes affect fuel structure, availability, and
subsequent fire behaviour remains limited. Victoria's bushfire reconstruction
program provides a unique opportunity to synthesize documented fire events and
advance our understanding of evolving fire behaviour patterns. This collaborative
research initiative, conducted by Victoria's fire agencies, has expanded
progressively to meet growing demand for evidence-based learning and
operational development. The Little Desert wildfire of January 2015 represents an
important case study. Under extreme conditions, this fire burned over 70,000
hectares in a single day, exhibiting rates of spread substantially exceeding
predictions from contemporary fire behaviour models. Pre-fire conditions revealed
pronounced landscape dryness that manifested through increased canopy leaf fall,
elevated dead understorey fuel loads, and significant reductions in live fuel
moisture during early summer. These conditions contributed to rapid rates of
spread, unexpected nocturnal fire activity and sustained reignition potential on
subsequent days, challenging assumptions about fire behaviour in this landscape.
Meteorological data, fuel structure, and observed fire progression are discussed in
terms of the rapid fire spread to identify key indicators of heightened fire risk. This
presentation examines the Little Desert fire within the broader context of climate
change and comparable events in Victoria's Wimmera region, where underlying
landscape dryness, in combination with other factors resulted in unanticipated fire
behaviour. Multiple case studies from the Victorian fire season are synthesized to
explore implications for fire behaviour prediction and operational response
strategies. While individual events offer limited inferential power, these fires
provides valuable insights into how climate-driven landscape changes are
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transforming wildfire dynamics and the adaptive strategies required for effective
fire management.

Development of an Evaporative Demand Drought Index for Victoria, Australia
Presenter: Dan McEvoy, Hauss Reinbold, Timothy Brown, Desert Research Institute
Co-authors: Dan McEvoy (daniel. mcevoy@dri.edu, Associate Research Professor, Desert
Research Institute)

Hauss Reinbold (hauss.reinbold@dri.edu, Assistant Research Scientist, Desert Research
Institute)

In the U.S., the Evaporative Demand Drought Index (EDDI) was developed as a
drought indicator. Some studies have shown that the index is relatable to fire
danger and wildfire occurrence. EDDI is computed from reference
evapotranspiration (ET,) and calculated with the Penman-Monteith equation. For a
reference frame, atmospheric vapour pressure deficit (VPD) is the difference
between the amount of moisture in the air and the amount of moisture the air can
hold when saturated (e.g., the dryness of the air) and is relatable to plant stress.
Evaporative demand is the atmosphere’s overall capacity to remove water through
evaporation and transpiration and thus considered a drought indicator. As part of
the VicClim project, daily EDDI was calculated using the WRF modeled hourly
temperature, relative humidity, wind speed, and solar radiation (from VicClim 6.0)
re-calculated into daily values as an hourly EDDI is not meaningful since the index is
a drought scale indicator. Thus, weekly to monthly to seasonal are more typical
temporal scales for the index usage. This presentation will provide an overview of
the EDDI development for Australia and discuss its potential applicability in relation
to bushfire

In-forest Vapour Pressure Deficit: A key predictor of fire activity
Presenter: Jamie Burton, Jane Cawson, University of Melbourne

Dry atmospheric conditions are a critical precursor to fire activity. Vapour pressure
deficit (VPD) provides a direct measure of atmospheric dryness, describing the
drying power of the air as the difference between saturation and actual vapour
pressure. Although the importance of VPD to fire behaviour has long been
recognised, operational models and decision-making have traditionally relied on
relative humidity and temperature, likely due to their simplicity and historical use.
In recent years, VPD has consistently emerged as one of the strongest predictors of
fuel moisture and fire activity across a wide range of spatial scales and vegetation
types worldwide. In this presentation | will outline several studies we have
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undertaken linking VPD to fire activity across different scales: from field-based
experiments on ignitability, to its role in determining when wet forests act as
barriers to large wildfires, to its performance as a predictor of dead fine fuel
moisture and fuel availability in prescribed burns. Collectively, these studies
highlight the versatility and predictive strength of VPD, which often outperforms
other metrics, especially when VPD is quantified below the canopy. With recent
advances enabling high-resolution (30 m) prediction of subcanopy VPD, we can now
capture fine-scale variation in fuel availability. These maps provide a powerful tool
for assessing spatial patterns in landscape flammability. As evidence continues to
grow linking VPD to fire activity in eucalypt forests, it may be time to consider a shift
towards incorporating inforest VPD more routinely into operational fire
management and decision-making frameworks.

Landscape and atmospheric characteristics in the leadup to Black Summer
2019-20 fires
Presenter: Paul Fox-Hughes, Bureau of Meteorology

We examined aspects of the atmosphere and landscape in the years, months and
days ahead of several fires during the 2019-20 southern Australian fire season, the
"Black Summer". The work was commissioned by the then Bushfire and Natural
Hazards Co-operative Research Centre, to identify what distinguished the Black
Summer fire season from those immediately preceding it. The project focussed on
the areas burnt in a number of fires during 2019-20, with fire agencies supplying
details of six fires across southern Australia, all of which were challenging to
manage. The environmental parameters examined included soil and fuel moisture
content, as well as rainfall and atmospheric temperature and water vapour
pressure. Here, we examine antecedent features of a subset of these fires, in widely
different geographical settings. We summarise key common aspects that may be
useful to identify conditions conducive to future widespread fire events. These
include: « the temporal compounding of dry and hot weather conditions over
timescales of years through to days, the latter often in association with the passage
of cold fronts, and ¢ the importance of hot days/heatwaves in the days preceding
fire ignition in preconditioning fuels, as evidenced by decreases in vegetation
moisture content. When considered together, the parameters examined showed
clear differences between environmental conditions during Black Summer and
those in the immediately preceding years. The results highlight the importance of
monitoring and predicting soil, fuel and atmospheric conditions on a range of
timescales for fire management. They also highlight the potential value in
improving measures of soil and fuel moisture currently used in Australia.
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Prescribed Burning - Oral Presentations

Lessons from Prescribed Burn Escapes in the ACT over the Past 20 Years
Presenter: Adam Leavesley, Nathan Connor, Tony Scherl, Trevor Howard, ACT Parks and
Conservation Service

Co-authors: Nathan Connor (nathan.connor@detsi.qld.gov.au, , Queensland Parks and
Wildlife Service)

Tony Scherl (tony.scherl@act.gov.au, Senior Fire Manager, ACT Parks And Conservation
Service)

Trevor Howard (trevor.howard@afac.com.au, , International Association of

The 2003 Canberra Fire and the McLeod Enquiry which followed catalysed a
program of landscape-scale burning in the Australian Capital Territory. The first
large landscape burn was implemented in 2009 and over the next 16 years, five
landscape burns escaped requiring the deployment of a bulldozer to regain control.
In this paper we report on the ultimate and proximate causes of the escapes and
reflect on the learnings. The ultimate causes of the escapes were: 1) poor
containment which occurred three times; 2) weather; and 3) human factors, both of
which occurred once each. Burns proceeded with inadequate containment because
heavy tanker fire trails identified in the draft burn plans were substituted for
drainage features to mitigate potential undesirable ecological impacts of burning.
Weather caused an escape because the forecast changed while the burn was being
implemented. The human factor event was incorrect deployment of aerial ignition
while two landscape burns were underway in close proximity along a State border.
There were six key learnings from after action reviews of the escapes. Containment
1) Best practice burn containment is a heavy tanker mineral earth fire trail. 2)
Where a heavy tanker fire trail is not available detailed contingencies must be
planned and prepared; and 3) the attention of skilled practitioners must be
focussed on effective implementation of operations at weak points. Weather 4)
Burn plans should mitigate against unforecast weather changes by identifying
methods which increase the speed with which operations can be safely completed.
Human factors 5) Staff must be properly trained and experienced for the roles they
are undertaking. 6) Staff must be effectively briefed and have access to the tools
required to deliver their role. Planning and implementing prescribed burn
operations involves setting objectives which have sufficient certainty of success.
The ACT examples are consistent with lessons learned from numerous national and
international reviews, however the over-representation of poor containment
suggests some program-specific factors may have contributed. The Australian
bushfire sector lacks methodology for understanding prescribed burn escapes. The
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social licence for ongoing implementation of prescribed burning is inherently linked
to burn security and is a critical feedback loop. Attention should be given to
development of robust methods to inform continuous improvement of prescribed
burning operations.

Is prescribed burning an efficient tool for fire prevention in southeastern
France ? Lessons learnt from laboratory
Presenter: Anne Ganteaume, Inrae

Southeastern France is a region very affected by wildfires. Fuel reduction, through
different methods of vegetation treatment (e.g., prescribed burning, shredding) is
one of the measures implemented for fire prevention in this region. However, the
efficiency of such methods on reducing fire hazard and the maximum time
between treatments to maintain effectiveness have rarely been verified in Europe.
Therefore, the goals of this work were i) to assess the effect of prescribed burning
(PB) on the decrease in both fire ignition and propagation, comparing the
flammability of treated samples with untreated vegetation, ii) to compare the
flammability of the treated vegetation among different periods selected within the
usual three-year interval between two treatments in order to assess how the
effectiveness of PB evolves over time. The vegetation targeted by PB was Quercus
coccifera shrubland. Vegetation samples were collected according to three time
since treatment: TO (a few months after treatment), T1 (treated during the second
year), and T2 (treated during the third year) as well as in close-by untreated areas
(control). Flammability was assessed through burning experiments, recording
variables related to ignitability, sustainability, combustibility, and consumability.
The results showed that, overall, PB significantly reduced the flammability of the
treated vegetation, especially ignition frequency. Sustainability did not vary over
time and some variables of combustibility and consumability presented contrasted
results among periods that could be explained by the variation in vegetation and
litter structure. Some variables only increased in the third year since treatment (T2),
highlighting a threshold not to be exceeded to keep the treatment effectiveness.
These results needs to be confirmed at a larger scale, better reflecting the actual
environmental conditions of the treatment. They could plead for an increase in the
areas burned by PB in southeastern France

Empirical Models of Fuel Treatment Effectiveness in Western USA Wildfires
Presenter: C. Alina Cansler, University of Montana
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Fire behavior and the impacts of fire on landscapes reflect temporal variations in
weather and fuel aridity and spatial variations in the biophysical template, but
planning and management before and during fires also influence fire outcomes.
With vast landscapes and limited funding and personnel, it is more essential than
ever to understand how to optimize fuel treatments using landscape-scale
strategies. We have developed methods to conduct large-scale empirical
assessments to understand fuel treatment effects on burn severity of wildfires in
the Pacific Northwest and Northern Rocky Mountains USA. We developed
standardized response, intervention, and co-covariate data for fire-scale
assessments, allowing for annual evaluation of fuel treatment effectiveness
through a manager-scientist co-production model. Here, we evaluated three
analytical approaches: treatment-and-control matching with spatial regression;
Random Forest modeling with SHAP analysis and fire-scale data; and comparing
observed severity with the severity predicted in the same locations from empirical
areas. Of our three analytical approaches, Random Forest modeling with SHAP
analysis with treatment-and-control matching allowed for the strongest inferences
about local treatment effectiveness, and regional-scale predictions allowed for
scaling up of these analyses. We intend to apply this approach to future fires to
support efforts to integrate learning into subsequent treatments rapidly.

Fuel for Thought: Efficacy and Effectiveness of Fuel Treatments in British
Columbia, Canada
Presenter: Lori Daniels, The University of British Columbia

Community leaders across British Columbia (BC), Canada are concerned about
wildfire impacts. Proactive management aims to reduce fuel hazards in the wildland
urban interface to inhibit active crown fire and increase forest resiliency. Our
research on the efficacy and effectiveness of fuel treatments in seasonally-dry
forests addresses the practical question: How do you know if your fuel treatment
worked? Proactive fuel reduction treatments commonly including thinning
understory trees, pruning branches, and pile-burning residues. We collected field
data before and after treatments or in paired treatment-control plots. To assess
treatment efficacy, we modelled stand-level potential fire behaviour under a range
of moderate to extreme fire weather conditions. Modelling combined components
of the Canadian Fire Behaviour Prediction System, Crown Fire Initiation and Spread
model, and the First Order Fire Effects Model. Treatments successfully reduced fuel
loads, likelihood of crown fire, and potential tree mortality. In treated areas,
thinning-from-below yielded relatively low subcanopy tree density and canopy bulk
density, and contributed to high canopy base heights. While decreases in canopy
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fuels were substantive, changes to surface woody fuel loads were nominal,
indicating successful mitigation of the residues created by thinning and pruning.
Active or passive crown fire was predicted for the majority of control plots (78%),
while surface fire was most likely for the majority of treated plots (81%). Overall,
reduced fuel loads decreased potential fire intensity and rate of spread and shifted
fire behaviour from crown fire toward surface fire. In 2021 and 2023, wildfires
impacted a subset of our permanent research plots, allowing assessment of
treatment effectiveness. Field measurements of fire impacts to canopy, surface,
and ground fuels indicated fire severity and tree mortality were lower in most, but
not all, treated plots relative to untreated plots. Exceptions were associated with
extreme fire weather and behaviour. In treated plots, observed fire effects were
generally lower than those predicted by models; however, these findings were
confounded by fire suppression tactics that were safely implement from treated
forests. Overall, we conclude that proactive fuel mitigation treatments in
seasonally-dry forests of BC increased their resistance and resilience to wildfire.

Interface Protection Burning Pilot Project - Planning Phase A proposed multi-
site research pilot, currently in scoping, to explore Bradstock's (2025) High-
Frequency Low-Intensity planned burning recommendations

Presenter: Wendy Smith, NSW Rural Fire Service

Co-authors: Wendy Smith (wendy.smith@rfs.nsw.gov.au, Senior Project Officer, NSW
Rural Fire Service)

The 2019-20 Black Summer bushfires reinforced </span></span>the value of
considering additional approaches at the bushland-urban interface. Drawing on
NSW Bushfire Inquiry Recommendation 20 and Emeritus Professor Ross
Bradstock's (2025) research on High-Frequency Low-Intensity Planned burning
(HFLIP), a multi-agency partnership is in the planning phase of a pilot project to
explore these ideas in selected interface areas. The project is currently in early
planning, with the Project Initiation Document being developed iteratively with
DCCEEW and partner agencies. As envisaged, the pilot would apply an adaptive
treatment approach in interface areas, with initial intensity matched to site
conditions, and consideration of whether sites can transition from establishment to
maintenance burning over time, within the ecological boundaries proposed by
Bradstock. A "Burn to Learn" approach is proposed to underpin the design, with
structured monitoring at each site for at least five years, aligned with existing
DCCEEW Applied Bushfire Science Program and BNHRC work. Nine research focus
areas developed collaboratively by the DCCEEW Applied Bushfire Science Program
and Healthy Country Teams, would span ecological, social, cultural, economic and
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risk-reduction dimensions. Initial scoping is underway with NSW RFS, DCCEEW,
NPWS and other partners. Broader engagement across the fire management sector
and the communities it serves would follow as the project progresses. This
presentation shares thinking from the planning phase: the scientific and strategic
foundations being drawn on, the principles guiding pilot design, and the pathway
ahead toward potential multi-site implementation.

Satellite - Oral Presentations

Hyperspectral imaging & bushfire fuel, behaviour & emissions 1: Overview
Presenter: Andrew Sullivan, CSIRO

Satellite-based remote sensing techniques have been used for many decades to
provide information for fire managers to aid decision making, largely concerning
fire detection, fire monitoring and post-fire burn extent and severity mapping.
However, the ability of these systems to adequately quantify attributes of
vegetation critical to determining danger, fire behaviour potential, and greenhouse
gas and particulate emissions lags significantly behind these other applications in
the wildfire management domain, largely due to insufficient connection between
what is remotely sensed and what attributes are important for fire behaviour. A
pilot study was recently carried out in a joint project between the CSIRO, the ANU
and Geoscience Australia to address this gap. The pilot study evaluated an
experimental methodology to integrate hyperspectral imaging with laboratory-scale
fire behaviour experiments, biochemical and calorimetry measurements of the
fuels, and greenhouse gas and particulate emissions. Three fuel types (eucalypt
canopy branchlets, eucalypt litter, and annual ryegrass) were investigated in the
pilot study to assess the suitability of the methodology to link measurements of
fuel bed spectra with measurements of fire behaviour, emissions, burn severity and
fuel consumption. Fuels were treated to produce two levels of combustibility (high
combustibility and low combustibility) by manipulating their fuel moisture content.
Fuel beds were then burned in the Pyrotron under controlled conditions. Pre- and
post-burn hyperspectral images (400-2500 nm) were collected during 26 fire
experiments, alongside measurements of fuel moisture content, combustion
efficiency, rate of spread, biochemistry, calorimetry, and emissions of CO2, CO,
CH4, PM2.5. The results demonstrated the feasibility of utilising imaging
spectroscopy with appropriate analysis for bushfire fuel condition monitoring. This
provides the foundation for a longer-term experimental program to extend the
range of bushfire fuels to which imaging spectroscopy can be informatively applied.
These experiments will generate a robust database to support product
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development using existing remote sensing datasets and guide the design of
bespoke satellite instruments, enabling improved forecasting of dangerous fuel
conditions, more accurate bushfire behaviour and spread predictions, better
planning and evaluation of prescribed burns, and more refined estimates of
greenhouse gas and particulate emissions from wildfires.

FireSat in Action: How a Global Community is Shaping the Future of Wildfire
Resilience
Presenter: Karen O'Connor, Earth Fire Alliance

Escalating wildfire activity demands faster, more transparent, and more
collaborative access to actionable fire data. Earth Fire Alliance (EFA), a community-
led nonprofit organization, is developing FireSat, a satellite network specifically for
wildfires that will provide timely and trustworthy data directly to agencies around
the world that protect their communities. With a strong emphasis on usability and
open access, FireSat will deliver high-cadence thermal and multispectral imagery to
support early detection, active fire characterization, fire behavior modeling, and
ecosystem and climate impact assessment on a global scale. Following the
successful launch of the FireSat0 protoflight satellite in March 2025, the system has
begun capturing global wildfire imagery to validate sensor performance, data
pipelines, and user workflows. Through EFA's Early Adopter Program, agencies and
researchers worldwide are co-developing and testing FireSat data products in
operational contexts. These collaborations are generating critical insights into
usability, data accuracy, and the integration of satellite data into local, national, and
regional decision-support frameworks. The Early Adopter Program is designed to
ensure FireSat delivers maximum real-world impact through three primary
objectives: * to expedite operational use by integrating FireSat data directly into
agency workflows ¢ to enable informed iterations by using continuous user
feedback to refine data products and delivery systems * and to understand impact
by documenting measurable benefits, early successes, and case studies that
demonstrate the system’s value for global wildfire management. This presentation
will share lessons from the Early Adopter community, showcase FireSat0 imagery,
and outline next steps and progress toward the launch of the first three operational
FireSat satellites in mid-2026. FireSat demonstrates how nonprofit-led, open-access,
transformative data from global satellite systems—co-developed with end users —
can accelerate socio-technical transformation in wildfire management. By
positioning space-based wildfire data as a public-good service, developed through
international collaboration and community stewardship, FireSat offers a scalable
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model for next-generation fire science that bridges space technology, local
knowledge, and global resilience.

ForestSphere: A Forest Digital Twin for Managing Forests and Wildfire Risk
Presenter: Carlos Viegas, ADAI - University of Coimbra

While the concept of Digital Twin (DT) originated in industry, its potential to
optimize decision-making and effective action through faithful representations and
forward-looking models built from physical-virtual integration of historical and real-
time data, has pushed the boundaries of DT use to other areas, including natural
resource management. Recently some conceptual studies have proposed the use
of digital twins for forest and wildfire management. However, there is still a gap in
the literature concerning the creation of a Forest DT: 1) built from the combination
of multimodal and multi-scale real-world data, both historical and current, obtained
from ground-based, airborne and spaceborne sensors and 2) capable of integrating
advanced fire and smoke spread models to support wildland fire management. This
work presents the ForestSphere, a forest digital twin that leverages accurate real-
time data obtained from ground, airborne, and spaceborne sensors. This study,
proposed by a consortium of academic, SMEs and public entities, resulted in the
creation of a digital twin of two forested areas in the central region of Portugal.
Advanced sensing techniques were employed to enable precise, high-resolution
forest mapping. Gaussian splatting was used to create tridimensional maps from
airborne 2D images or video footage. Semantic maps were built from multispectral
satellite and airborne data, allowing the creation of detailed and updated land
cover and forest fuel maps. The Digital Twin architecture was developed in an open,
scalable, and modular way, possessing real-time data processing for dynamic
updates on fuel, weather and fire data. Al-supported predictive wildfire models
were integrated to provide valuable insights on fire dynamics and user-centric tools
for decision support were developed, leveraging information about the firefighting
means and main infrastructures in the location. The strategies to overcome
challenges such as managing the high computation costs, ensuring real-time data
synchronization, and effectively integrating diverse data sources, are presented in
detail. Considerations are made on the applicability of such tool to support
firefighting teams, researchers and policymakers.

Fire spread predictions from a deep learning model and W.I.S.E. compared

using satellite fire data
Presenter: Jeff Boisvert, Liam Bennett, University of Alberta
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The Wildfire Intelligence and Simulation Engine (W.I.S.E.) is a wildfire growth
simulation model based on the Canadian Fire Behaviour Prediction (FBP) system, a
component of the Canadian Forest Fire Danger Rating System (CFFDRS). This tool is
used by wildfire managers in Canada and internationally to predict wildfire growth
including intensity, spread rate, and fuel consumption. These characteristics are
critical inputs for planning prescribed burns, evacuation routes, and wildfire
response activities. Satellite remote sensing now enables the creation of fire spread
datasets that significantly outnumber traditional ground-based measurements of
wildfire spread. The Canadian Fire Spread Dataset (CFSDS) uses satellite-borne
infrared sensors to construct daily wildfire spread boundaries for over 3,000 fires
across Canada. This substantial increase in data availability enables new models
and methods to predict wildfire behaviour. A set of daily wildfire boundaries from
CFSDS are used to train a deep learning model to predict daily wildfire spread. The
model extends image segmentation architectures to incorporate both spatial and
temporal aspects of wildfire spread using maps of fuels, weather, and topography
as inputs. Model accuracy is assessed by comparing fire spread predictions using
an independent test set of daily wildfire boundaries from CFSDS; metrics include
precision, recall, F1 score, intersection-over-union, and Hausdorff distance. Initial
results show that the deep learning model generates wildfire boundaries that
spread consistently from the ignition polygon. Daily fire growth predictions from
both the deep learning model and W.I.S.E. are assessed against CFSDS daily fire
boundaries; under default settings, preliminary results show the models achieve F1
scores of 0.530 and 0.260 respectively. W.L.S.E. performance improves with detailed
initialization of fire conditions, while the deep learning model operates with
minimal user intervention. Results are compared to highlight differences in
predictive performance and to discuss the advantages and limitations of machine
learning and traditional approaches.

Smoke, Fuel, Satellite - Oral Presentations

Bushfire Emissions: Evaluating the Impact on Air Quality and Human Health in
Katherine, Northern Territory, Australia
Presenter: Hafsa Yousuf Nipa, Charles Darwin University

Bushfires are a dominant landscape process in northern Australia and represent a
significant environmental and public health concern due to their influence on air
quality and smoke exposure. This thesis investigates the relationships between
bushfire activity, particulate air pollution, meteorological conditions, and human
health outcomes in Katherine, Northern Territory, between 2021 and 2024. By
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integrating active fire and burnt area data, air quality measurements, wind
direction, and hospital presentation records, the study aims to improve
understanding of how fire dynamics and atmospheric processes shape smoke
exposure and associated health impacts in a tropical savanna environment.

The analysis reveals strong seasonal contrasts in fire behaviour and air quality. The
early dry season (EDS) was characterised by extensive landscape burning, while the
late dry season experienced the highest frequency and intensity of PM,.5
exceedances. Importantly, peaks in burnt area and particulate pollution did not
occur concurrently, demonstrating no relationship between fire extent and air
quality. Wind direction and the distance of fires from the air quality monitoring
station were identified as key controls on smoke exposure, with fires aligned along
prevailing airflow contributing unevenly to elevated PM,.s levels.

Health analyses showed that respiratory-related hospital presentations for asthma,
bronchiectasis, and chronic obstructive pulmonary disease did not increase
proportionally with fire activity or PM,.s exceedances. Instead, hospital utilisation
peaked during the wet season, when fire activity and smoke exposure were least,
highlighting the dominant influence of seasonal climatic factors such as high
humidity, rainfall, and enhanced viral transmission. Hospital presentations were
disproportionately higher among indigenous people, females, and older adults,
indicating elevated vulnerability independent of fire extent or pollution frequency.

Overall, the findings demonstrate that smoke-related health risks in Katherine are
shaped by complex interactions between fire behaviour, atmospheric transport,
seasonal climate, and population vulnerability rather than fire magnitude alone.
This research provides evidence-based insights to inform adaptive fire
management, improved air quality forecasting, and strengthened public health
preparedness in northern Australia’s fire-prone tropical regions.

Testing AQFx Sensitivity to variation in Coarse Woody Debris loads - a Wildfire
Case Study
Presenter: Liubov Volkova, The University of Melbourne

In April 2025, a prescribed burn near Daylesford, Victoria, escaped containment and
developed into a wildfire. Coincidentally, this area had been established as one of
our research sites, where the loads of coarse woody debris (CWD) and their
combustion efficiency were empirically measured for integration into Australia’s Air
Quality Forecasting system (AQFx). This event created a rare opportunity to
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evaluate the sensitivity of the AQFx model to variations in CWD load and
combustion efficiency, and to compare top-down and bottom-up approaches for
estimating smoke emissions. The top-down assessment used the FirePixels model,
which integrates fire radiative power and satellite observations from MODIS,
NASA/NOAA platforms, and Himawari-9, to derive estimates of smoke production
and fire intensity. In contrast, the bottom-up approach relied on fuel load and
combustion parameters—using both AQFx default values and the site-specific
measurements. This case study offers new insights into how local-scale fuel
dynamics influence large-scale smoke and carbon emission predictions. The
findings are expected to improve parameterisation within AQFx and enhance the
accuracy of national air quality and fire behaviour forecasting.

Beyond PM2.5: Assessing Practitioners' Cumulative Smoke Exposure and
Chemical Hazards From Bush Fire
Presenter: Maximilien Desservettaz, University of Wollongong

Bushfire practitioners and firefighters are routinely exposed to complex smoke
emissions, posing significant occupational health risks. Current safety guidelines
only recommend the use of particulate masks (e.g., N95), which do not adequately
filter the full toxicological hazard from the complex mixture of gases and particles.
There is also no accounting for the total dose received over an operational period.
This presentation introduces the concept of cumulative smoke exposure as a more
comprehensive metric for assessing health risk. Carbon Monoxide is the ideal
tracer to account for many of the toxins in the smoke. Several of those toxins act on
the same part of the human body, and therefore, we argue that single-parameter
safety thresholds may not be adequate. In a co-designed study with Yuin
Murramarang Traditional Custodians on the NSW South Coast, we deployed
personal CO monitors on practitioners during a series of cultural burns in Eucalypt-
dominated forests. We infer the practitioner's cumulative exposure and compare
those with that of firefighters attending to hazard reduction burns. Preliminary
results from these burns, which are characterised as low-intensity, patchy, and
slow-moving fires, suggest 3 to 4 times lower levels of exposure to air toxins than
for prescribed burning practitioners. This is suggestive of healthier outcomes for
the practitioners.

Enhancing prescribed burning planning in shrublands through satellite-

derived fuel moisture data
Presenter: Laura Alonso, Escola de Enxefiaria Forestal, Universidade de Vigo
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Prescribed burning is a critical fire management practice employed to reduce
wildfire risk and maintain habitats and land uses. The immediate effectiveness of
prescribed burning largely depends on fuel moisture content (FMC). FMC should be
low enough to allow fire ignition and spread, yet high enough to avoid ecological
harm. In the context of climate change, studies have shown that the number of
days suitable for burning is generally decreasing, highlighting the need for tools
that enable the temporal optimization of prescribed burning. Traditionally,
prescribed burning planning has relied primarily on daily weather conditions and
estimates or proxies of FMC from those. However, recent advances in remote
sensing provide spatially and temporally explicit estimates of fuel moisture content
(FMC), which can be integrated with weather data to improve the spatio-temporal
planning and effectiveness of prescribed burning. This study aims to investigate the
relationship between prescribed burn severity and satellite-derived FMC. We
analyze a global prescribed burning database containing information on central
coordinates, total burn area, burn date, and multiple weather variables and indices
corresponding to each burn. FMC is obtained from a global satellite-based dataset
that provides daily estimates at 500m between 2000-2018. Burn severity is
quantified from Landsat imagery using the delta Normalized Burn Ratio (ANBR).
Correlations between dNBR and various weather and Fuel Moisture Content (FMC)
variables, such as FMC anomalies, FMC values from the week or month preceding
the burn, and FMC on the day of the prescribed burn, were analyzed to identify the
factors most strongly associated with burn severity. The analysis was restricted to
prescribed burns conducted in shrubland areas, as the ability of satellite imagery to
accurately capture burn and moisture characteristics beneath forest canopies may
be limited. By integrating weather, fuel moisture, and remote sensing data, this
study seeks to improve the spatial and temporal planning of prescribed burns and
enhance the tools available for effective fire management.

Developing pyrosilviculture in Eucalyptus forests - bark traits, fuel energy
release and mortality
Presenter: Chris Weston, Liubov Volkova, University of Melbourne

This talk will discuss opportunities for using prescribed fire more broadly as a forest
management tool, including the alteration of stand structure to increase resilience
to future fire. Through a better understanding of energy release from fuels during
prescribed fire, and of Eucalyptus bark traits, fire-induced tree mortality may be
managed to achieve planned stand structure outcomes from burning. During forest
fires stem bark acts to protect the tree cambium from heat-induced cell damage
and tree mortality, with bark thickness and bark moisture content key factors in
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determining tree survival. Knowledge of fuel parameters alongside burn conditions
can be applied to estimate rates of heat release during prescribed fires. These
estimates of energy release can then be applied to determining the risk of mortality
for trees in prescribed burnt eucalypt stands, according to tree size and bark traits.
Such an approach would require additional stand measurements to be factored
into the application of prescribed fire, and the additional objectives for any burning
clearly stated. Given that many natural Eucalyptus forests have regenerated
profusely from wildfire over the last several decades and are densely stocked,
prescribed fire could be intentionally applied to thin the forest. Fire-thinned forests,
with fewer and larger trees than unthinned stands may be viewed as more resilient
to fire than unthinned stands. Evidence for this approach from recent prescribed
fire experiments in Eucalyptus sieberi will be discussed.

Lightning Talks

Fire Behaviour in Canola Stubble

Presenter: Rachel Bessell, Richard Hurley, Simeon Telfer, Country Fire Authority (CFA)
Co-authors: Richard Hurley (richard.hurley@csiro.au, Senior Technical Officer, CSIRO)
Simeon Telfer (simeon.telfer@eso.sa.gov.au, Manager - AFDRS, SA Country Fire Service)

This is the first abstract in a series of abstracts relating to the canola fire research
experiments. Cropland fuels are routinely treated as grasslands in operational fire
prediction, despite distinct differences in structure and arrangement that influence
fire behaviour. And default grassland fuel loads and condition settings (e.g. 3 t/ha
and “cut/grazed”) are often applied for spread predictions and for fire danger
ratings, even though the load and structure vary throughout the life/cultivation
cycle. This presentation will focus on the methodology and preliminary results from
a multi-agency experimental field burn program on the Eyre Peninsula, South
Australia, aimed at understanding fire propagation characteristics in canola
stubble. The research methodology integrates standardised measurements of fuel,
weather and fire behaviour across a range of wildfire conditions. The experimental
design follows previous crop experimental burn research in wheat in south-west,
Victoria, which aimed to understand the effect of different wheat harvest stages on
fire behaviour (e.g. unharvested, harvested and baled) (Cruz et al, 2020). Canola is
Australia’s third most prominent crop, behind wheat and barley, and Australia’s
canola production is forecast to increase by 1% to 6.4 million tonnes in 2025-26,
34% above the 10-year average to 2024-25 (ABARES, 2025). Operationally, when
fires run into canola stubble it is considered advantageous by fire crews due to the
reported slow fire growth. However, under certain conditions this is not the case.
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This presentation will report on what factors influence fire spread in canola stubble,
as well as what conditions are not conducive to fire propagation. These results can
be applied to strengthen default settings used in operational fire spread models
and fire danger ratings. References: ABARES 2025, Australian Crop Report:
September quarter 2025, ABARES, Canberra, https://doi.org/10.25814/dcwg-w460
M.G. Cruz, RJ. Hurley, R. Bessell, A.L. Sullivan, Fire behaviour in wheat crops —
effect of fuel structure on rate of fire spread, Int. J. Wildland Fire 29 (2020) 258-271,
https://doi.org/10.1071/WF19139

Calibrating fire danger models in grasslands from real-world incidents in
Victoria, Australia
Presenter: Scott Clark, Country Fire Authority

Models used to predict fire spread and fire danger are generally developed using
experimental fires. These generally are conducted over a narrow range of weather
and fuel conditions due to viability and safety constraints, which consequently
limits model validity outside this range. We present a novel approach to calibrate
an existing grassland fire spread model using real-world grassland incident data in
Victoria, Australia. The approach is based on expectile generalised additive models
(GAMs) being used to predict outcomes including the number and size of incidents,
at both a district and state-wide level, followed by the use of these models to
calibrate the Fire Behaviour Index used in the Australian Fire Danger Rating System.
We adapt a simple goodness-of-fit metric to describe improvement of the fire
danger model. We demonstrate the relationship between moisture, curing and
either count or size of incidents follow the same functional shape as those assumed
in existing models, and provide additional insight to fire outcomes outside the
range of conditions generally considered in experimental burns. The overall
calibration of the fire danger model showed mixed results as there was not
consistent improvement across all districts, However, the method shows promise
for purposes of developing new fire danger models, and can easily be adapted to
any vegetation type for which incident data is available. In addition, elements of this
modelling approach can be utilised across a wide range of applications, particularly
where there is sufficient data across the entire expected range of inputs.

Estimating Burnt Fuel Volumes After Prescribed Burning Using Multitemporal

UAV LiDAR
Presenter: Alexander Van Hout, PXL Bio-Research
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Prescribed burning is a critical management tool in European heathland
ecosystems, serving both biodiversity conservation and fire risk reduction under
increasingly variable weather conditions. Evaluating the burning effectiveness and
optimizing prescribed fire strategies require accurate assessment of fuel
consumption patterns across different vegetation types. Traditional ground-based
methods cannot efficiently provide such information at a landscape scale. This
study demonstrates how advanced remote sensing and Al-based classification can
aid prescribed burning evaluation and support adaptive fire management. We
combined multitemporal UAV LiDAR with Simple Linear Iterative Clustering (SLIC)
superpixel classification to directly measure fuel consumption following a
prescribed burning at Mechelse Heide, Belgium. Pre- and post-fire LiDAR surveys
captured detailed vegetation structural changes, while Al-enhanced superpixel
segmentation successfully differentiated vegetation types (Trees-Heather-Grass).
Our analysis revealed significant differences in fuel consumption between
vegetation types, with heather (mean £ SD: 0.165 + 0.102 m) showing substantially
higher consumption compared to grass (0.089 + 0.088 m) and tree (0.091 + 0.068
m) understory vegetation. These vegetation-specific consumption patterns provide
essential data for optimizing prescribed burning protocols and spatially assessing
the effectiveness per vegetation type. Understanding these differences is crucial for
managing cumulative fire impacts on ecosystem services and biodiversity,
particularly as climate variability alters traditional burning windows and fuel
moisture dynamics. As climate change intensifies fire management challenges, such
data-driven approaches become essential for adaptive management, building
landscape resilience, and protecting both biodiversity and ecosystem services while
maintaining safe and effective prescribed burning programs. This approach enables
dynamic fuel mapping across complex landscapes, providing spatially continuous
consumption data rather than limited point-based estimates. It is also scalable and
transferable to other fire-adapted ecosystems, offering fire managers practical
tools for evaluating prescribed burning effectiveness and optimizing fuel treatment
strategies.

National Fuel Availability Factor from Daily Soil Moisture Grids
Presenter: Andy Ackland, Country Fire Authority (CFA)

Fire behaviour analysts are frequently challenged with predicting bushfire potential
in the days, weeks and months ahead, but many are constantly hamstrung by
deficiencies in tools and models that can reliably forecast the dryness of forest
fuels. Crude indices, such as the Keetch-Byram Drought Index (KBDI) and Drought
Factor (DF) are over 60 years old and have poor empirical basis and numerous
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issues in adequately capturing Australian forest hydrology and flammability
observed in the field by analysts and operations. In recent years, there have been
vast improvements in research and data sources in relation to landscape water
balance and soil moisture, with national grids of soil moisture now published daily
and historically by the Australian Bureau of Meteorology. | saw opportunity to
investigate the potential to use gridded soil moisture as a more accurate indicator
of forest dryness. Firstly, | explored the relationship between soil moisture and
historic bushfire occurrence by extracting historic gridded soil moisture values for
every bushfire in Victoria since 1972. | then plotted frequency distributions of
historic bushfires against different levels of soil moisture and vegetation types.
Most bushfires occurred when upper soil moisture (top 10cm) was below 3% and
lower soil moisture (10-100cm) below 40%. When values were much higher than
this, there was generally low occurrence of bushfires, even if bushfire weather
conditions were elevated. The reason for the relatively sharp threshold is
considered likely to be the reduced limiting effect of moisture in the fuel bed on
equilibrium fine fuel moisture content and thus flammability. | have translated
results of this analysis into a prototype daily national forest dryness layer derived
from soil moisture grids, with values empirically related to likelihood of bushfires
occurring. This shows significant promise as a potential alternative to DF in bushfire
models, simulators and the Australian Fire Danger Rating System (AFDRS).

Cumulative Fire Impacts and Future Fire Management Challenges: Grampians
and Little Desert, Victoria
Presenter: Pauline Rudolph, Department of Energy Environment and Climate Action

Fire is a natural and essential process shaping the landscapes of the Grampians-
Gariwerd and Little Desert National Parks in western Victoria. Both parks are
dominated by fire-dependent ecosystems where fire acts as a key ecological driver.
However, a series of large and severe bushfires over the past two decades has seen
many areas burn multiple times, often below their tolerable fire interval thresholds.
During the 2024/2025 summer, bushfires of unprecedented scale burned
approximately 70% of both parks—the largest fires in recorded history for these
landscapes. This has left extensive areas as a single vegetation age class and
significantly affected refugia, fire-sensitive ecosystems, habitats for threatened and
endemic species, and areas of cultural significance. Collectively, these fires
represent a new cumulative impact threshold for biodiversity values in both parks.
Together covering over 300,000 hectares, the Grampians-Gariwerd and Little
Desert National Parks form the largest contiguous areas of public land and
biodiversity in the broader Wimmera areas of western Victoria. The Grampians
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alone support roughly one-third of Victoria's flora species, including 49 endemics,
alongside numerous threatened mammals, aquatic species, and insects. While both
parks experienced fires of similar scale, the intensity and recovery trajectories differ
markedly across the two landscapes. Revised fire management strategies are now
required to incorporate emerging ecological knowledge and the increasing
challenges of a drying and warming climate. This presentation will outline the
biodiversity impacts of the 2024/2025 fires and demonstrate how ecological
modelling, field surveys, and cultural knowledge are being integrated with fire
science to inform adaptive management and support long-term landscape recovery
in these iconic parks.

Living with Fire: exploring bushfire risk through an interactive digital
engagement tool
Presenter: Jen Kellett, Country Fire Authority (CFA)

As bushfires become more frequent and severe, there's a growing need to rethink
how we help communities understand and engage with risk. In response, we're
developing an immersive digital engagement tool - an interactive, animated
bushfire scenario that makes risk personal, place-based and compelling. Designed
to support deeper understanding and proactive preparedness, the tool invites
people to connect with fire in ways that are accessible, meaningful and
reflective.</p><p>In this lightning talk, I'll touch on why bringing a single historical
bushfire event to life - using fire modelling and real-world data - matters for the
way we engage communities around risk. I'll share what we've learned so far and
show snapshots that bring the experience to life. Through immersive storytelling,
behavioural insights, and multimedia elements, the tool enables people to explore
how a fire behaves - how it spreads, how severe it could become, and how
mitigation strategies can influence outcomes - in a dynamic, easy-to-navigate
format.</p><p>Developed with a strong community-centred approach, the tool
moves beyond static maps and generic messaging. It invites users to engage with
bushfire risk in the context of their own lives and landscapes, helping to shift
mindsets from reactive to proactive, and inspiring year-round
preparedness.</p><p>Development and testing have revealed several key insights:
people engage most deeply with risk information that is personal, place-based, and
emotionally resonant; immersive formats help turn abstract risk into real-world
understanding; and shared values - protecting family, neighbours, pets, property,
and the local environment - are powerful motivators that transcend location or
demographics.</p><p>This lightning talk demonstrates how digital storytelling and
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interactive simulation can deepen engagement and support more meaningful
conversations about bushfire risk, resilience, and community preparedness.

NOBURN: Turning Community Photos into Fuel Intelligence
Presenter: Shelby Schumacher, UniSC

Bushfires are a natural and essential part of Australia’s ecosystems. Australia’s First
Peoples lived together with fire, as our landscapes have been shaped by fire
regimes for thousands of years. But more recently, bushfires have been far more
catastrophic and less ‘natural’ in their origin and spread. Vast areas of forest have
burnt, with many homes destroyed, impacting people, animals, and plants.
NOBURN is an Australian citizen science project that is helping us learn more about
what is driving bushfires so we can predict these factors. NOBURN stands for
NatiOnal BUshfire Resilience Network and uses a smartphone app to assess the
overall fuel hazard in our forests. Citizen scientists upload photos and make visual
assessments using a standardised and industry-adopted fuel hazard protocol. As a
result, the data collected through the app can be used to harness bushfire
mitigation and decision-making. The data provides novel insights into the structure,
quantity, density, and dryness of forest fuels for researchers while raising bushfire
awareness in an engaged community. All unique, time-stamped and geo-
referenced fuel hazard records are analysed in combination with Sentinel-2
imagery, different weather variables, topography and historic fire events using an
efficient machine learning approach to predict the burn probability, severity and
burn area of a bushfire. This study highlights one of the early successful attempts
to use machine learning for the task of bushfire prediction while establishing a
public database on Australia’s forests to inform disaster resilience.

Schools in Fire Country - Innovation in Bushfire Education
Presenter: Neil Munro, Country Fire Authority Victoria

The Schools in Fire Country (SiFC) program transforms research on child-centred
disaster risk reduction into a practical, scalable education model that strengthens
community resilience to bushfire. Developed collaboratively with educators,
Traditional Owners, fire and land management agencies and researchers, SiFC
supports schools to embed locally relevant bushfire learning through a research-
informed, place-based, participatory approach. Teachers are supported with
curriculum-aligned teaching and learning activities, ready-made for the classroom,
and access to subject matter experts who help connect classroom learning to real-
world fire knowledge and risk management practice. By engaging upper primary
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students in inquiry projects that explore fire through cultural, ecological and risk
management perspectives, the program enables them to investigate challenges in
their own landscapes and propose locally relevant solutions. This innovative
approach positions students as active participants in bushfire risk reduction, not
just learners. Through student-led showcases and community engagement
activities, students share preparedness messages, local fire knowledge and safety
insights—extending the reach of public education beyond traditional channels and
fostering intergenerational learning. This presentation will outline the evolution of
SiFC from research concept to implementation, showing how participatory
education can fuel innovation in fire knowledge, improve local risk understanding,
and build the next generation’s confidence to live safely and responsibly with fire. A
video case study from the program will highlight how students have become
effective agents for change in their communities—sparking local action on bushfire
preparedness, strengthening community connections, and demonstrating the
power of youth-led engagement in fire resilience. By focusing on youth agency and
collaboration, SiFC shows that strengthening resilience begins with enabling
informed, connected, and empowered communities—fuelling innovation,
advancing fire knowledge, and shaping a more fire-ready future.

ADfiRe: A Physics-Informed Wildfire Simulator with Explicit Fuel-Structure
Integration

Presenter: Konstantinos Vogiatzoglou, Department of Mechanical Engineering,
University of Thessaly

The increasing frequency and intensity of wildfires pose escalating risks to human
life, and ecosystems. Advanced wildfire preparedness hinges on simulation tools
that balance computational efficiency with physical realism and that can assimilate
spatially heterogeneous fuels and terrain conditions in real-time. To this end, we
present a physics- and data-informed wildfire spread modeling framework that
couples mechanistic fire dynamics through an advection-diffusion-reaction (ADR)
formalism with explicit consideration of fuel characteristics and variability. This
framework forms the core of the ADfiRe simulator, designed to support real-time
decision-making in complex fuel-environment settings. The model solves a coupled
system of differential equations for temperature evolution and fuel consumption,
incorporating dominant thermal mechanisms and simplified chemical kinetics
(moisture evaporation and combustibles oxidation). Any combination from
standard fuel databases is admissible in the computation, with the estimated
combustion rates incorporating specific fuel characteristics such as moisture
content, packing ratio, and optimum reaction intensity. The thermal balance, in a
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control volume up to the canopy height, combines contributions by forced
convection, turbulent/buoyant diffusion, dense-medium radiation, and loss to the
ambient. The effect of terrain inclination is included by augmenting the wind speed
with the projection of the local buoyant velocity in the direction of the steepest
slope. Modeling of the flow around the flame zone benefits from the insights of
high-fidelity CFD studies in the literature. To this end, key parameters such as
fireline intensity, buoyant velocity, and Byram number are continuously updated
during the computation. The hybrid construction of ADfiRe, which bridges
information from empiricism and CDF in a physics-based simulation, provides
opportunities for operational, data-adaptive fire behavior modeling in complex fuel
systems.

Lazarus Rises - Using "computer says no" to optimize hazard reduction
burning
Presenter: Gerard Buggy, Phillip Brien, Forest Fire Management Victoria

Effective fuel management planning requires balancing ecological integrity,
community safety, and operational feasibility — all within increasingly complex
landscapes and uncertain climates. Traditional planning approaches often rely on
static datasets and qualitative expert judgment, which can make prioritisation
subjective and difficult to reproduce. Lazarus is a Python-based spatial decision-
support tool developed to address this challenge. Built around a multi-criteria
decision analysis (MCDA) framework, Lazarus integrates fire history, fire risk and
leverage capability, vegetation growth, and ecological thresholds to identify the
most strategic burn units for treatment each year. The tool applies a deterministic,
constraint-aware greedy optimisation process to select a pre-determined number
of burn units per year while enforcing realistic operational limits — such as area
targets, adjacency exclusions, and minimum/maximum quotas per Landscape
Management Unit. Each burn unit is scored across weighted ecological, fuel, and
strategic criteria, including Growth Stage Structure (GSS) representation and priority
fire management zoning. The result is a fully repeatable and transparent
optimisation workflow that can be regenerated at any time with identical inputs,
ensuring consistency, fairness, and policy alignment across planning regions.
Developed entirely with open-source libraries (GeoPandas, NumPy, Pandas),
Lazarus produces spatial and tabular outputs suitable for technical review,
performance benchmarking, and strategic reporting. This presentation will
demonstrate how Lazarus bridges the gap between science-driven modelling and
operational decision-making — turning complex ecological and risk trade-offs into a
clear, measurable, and defensible planning process. Lazarus represents a practical
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step toward transparent, data-informed fuel management that can evolve
alongside new policy, technology, risk mitigation, and ecological insight

Al-Enhanced Fire Spread Simulation with Spark Operational

Presenter: Owen Ziebell, AFAC

Co-authors: Colin O'Neill (colin@voxelis.ai, CEO, Voxelis)

Marta Yebra (marta.yebra@anu.edu.au, Professor, Australian National University)

The increasing complexity of fire behaviour under a changing climate, demands a
new generation of simulation tools that are fast, adaptive, and live data-informed.
Spark Operational, AFAC and CSIRO's fire simulation platform, is being transformed
through the integration of artificial intelligence (Al), real-time sensor networks, and
remote sensing technologies—keeping with the progression of a new era of
dynamic fire spread simulation and operational decision support. This presentation
will showcase how Spark Operational is leveraging Al to enhance fire spread
modelling, including machine learning approaches to fuel condition estimation, fire
perimeter validation and hot spot detection. A key innovation is the integration of
real-time environmental intelligence from Voxelis, whose Al-enabled camera
systems provide live data on fire perimeter mapping, smoke plume dynamics, and
hot spot detection. These inputs will be directly ingested into Spark to validate and
enhance live simulations. Complementing this work, a remote-sensing-derived fuel
moisture content product, now available through Geoscience Australia’s Digital
Earth Australia, enable Spark to incorporate high spatial and temporal resolution
information on vegetation condition to support more accurate and timely fire-
spread predictions. This fusion of terrestrial and aerial sensing creates a robust,
multi-scale data ecosystem that supports more accurate and timely fire spread
predictions. Benefits from these projects include: « Live fire perimeter validation e
Early hot spot detection and path simulation * Increased accuracy of fire spread
with live fuel moisture data Through recent operational trials and collaborative
deployments, this presentation will demonstrate how these technologies are
developing to support fire behaviour analysts and situation officers with real-time,
Al-enhanced decision support. This presentation aligns with the conference’s sub-
theme of Next-Gen technologies and data-driven fire science, offering a forward-
looking perspective on how Spark Operational is evolving to meet the challenges a
constantly changing fire environment.

Embracing prediction uncertainty: A Bayesian bushfire rate of spread model
Presenter: Michael Storey, University of Wollongong
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This session provides a detailed look at the development and potential applications
of a Bayesian bushfire rate of spread (ROS) model, built from several years of work
involving the processing of thousands of aerial line scans and fire spread maps
captured by fire agencies during hundreds of bushfires in NSW, Victoria, and
Western Australia. The model produces probabilistic predictions, where, for
example, a user can predict the likely range of ROS for certain weather conditions
or the chance that a fire will reach a certain location within an hour. This provides a
user with both the ROS prediction and a statistical measure of confidence in that
prediction. The model has a strong empirical basis because it was developed using
a database containing the largest set of bushfire spread observations available in
Australia. The database was collated during the project based mostly on aerial line
scans that capture burning areas with high precision. The model has advantages
over existing deterministic rate of spread models, which are often based on limited
bushfire spread data and produce only a point prediction of rate of spread, i.e.
statistics about prediction confidence are not produced. This session will cover the
stages of development of the model, the challenges encountered, and how it
provides insights into the behaviour of bushfires in Australia. We will look at how
the model could change the approach to predicting fire spread and communicating
predictions by clearly capturing and presenting prediction uncertainty. How
predictions are generated and options for presenting predictions during fire
operations will be discussed. Beyond fire operations, there are also potential uses
of the model and fire spread database for bushfire planning and training. Using line
scans and spread maps from real bushfires, the session will also demonstrate how
bushfire spread data have shaped the model and its predictions. The model has
been developed under a Natural Hazards Research Australia-funded project, with
the RFS supporting, and data provided by the RFS, DEECA, and DFES.

A Data-Driven Approach to Prescribed Burn Planning; Enhancing Bush Fire
Risk Management in NSW

Presenter: Jessica Wells, Melissa O'Halloran, Susannah Bilous, NSW Rural Fire Service
Co-authors: Susannah Bilous (susannah.bilous@rfs.nsw.gov.au, Supervisor Bush Fire
Risk Planning, Rural Fire Service)

Local multi-agency Bush Fire Management Committees are using quantified risk
modelling to identify the risk to assets and values of importance to the community
to develop Bush Fire Risk Management Plans. A key challenge for these committees
has been the development of strategic, appropriate and tenure blind treatment
strategies to address the highest priority risks. Treatment strategies include
Community Preparedness, Ignition Prevention, Response and Fuel Management.

97



Identifying and evaluating the effectiveness of Fuel Management treatment
strategies is difficult as there are often multiple objectives and factors influencing
implementation. To assist BFMCs in the future and support more informed
decision-making, the NSW Rural Fire Service has developed a suite of products to
look at program level risk reduction as well we more localised assessment of
priorities. One of these tools is a prescribed burn ‘Treatment Comparison’ model,
that can be used to test prescribed burn proposals and quantify their risk reduction
value. These values will enable BFMCs to compare the relative effectiveness of
individual prescribed burn treatments and will assist them in the development of a
more strategic fuel management plan. This presentation will focus on a Bush Fire
Management Committee as a case study to demonstrate how they are
implementing their Bush Fire Risk Management Plan and how the Treatment
Comparison model can be applied. We will explore risk-based prescribed burn
planning and discuss the different scenarios.

Poster Presentations

Fire Severity in Long-unburnt and Recently Burnt Forest Following the Orroral
Valley Wildfire

Presenter: Adam Leavesley, Tony Bartlett, Tony Scherl, ACT Parks and Conservation
Service

Co-authors: Tony Scherl (tony.scherl@act.gov.au, Senior Fire Manager, ACT Parks And
Conservation Service)

In Australia, some researchers are advocating for fire exclusion in native forests to
allow the progression of natural ecological processes which may make them less
flammable. A space-for-time study published in the International Journal of
Wildland Fire in 2018 found that a 6000ha area of long-unburnt dry sclerophyll
forest and sub-alpine woodland in the southern Australian Capital Territory had an
overall fuel hazard lower than the same ecosystem types with a shorter time-since-
fire. The authors of the study postulated that fuel accumulation in these
ecosystems was non-linear and suggested that suppression would be easier when
this vegetation was long-unburnt than at intermediate times-since-fire.

The 2020 Orroral Valley wildfire burnt 89,000ha including 69 percent of the long-
unburnt vegetation that was subject of the 2018 study. The fire provided an
opportunity to investigate the fire severity within the long-unburnt vegetation and
by inference the fire behaviour and suppression difficulty. In general, greater fire
severity indicates greater suppression difficulty.
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Fire severity was obtained from publicly available Fire Extent and Severity Mapping
published by the NSW Government. Vegetation and fire history data were obtained
from the ACT Government. Fire severity was extracted for the whole Orroral Valley
wildfire including the long-unburnt vegetation and areas that were prescribed
burnt one, two, four and five years prior.

The proportion of long-unburnt vegetation which experienced canopy scorch or
canopy consumption was 74 percent, which was similar to the whole Orroral Valley
wildfire footprint (72 percent). The areas prescribed burnt one or two years prior to
the wildfire experienced much reduced fire severity with 60-95 percent unburnt.
The proportion of areas prescribed burnt 4 or 5 years before the wildfire which
experienced canopy scorch or canopy consumption was 66 percent and 71 percent
respectively.

The fire severity data indicate there was likely little difference in the suppression
difficulty of the Orroral Valley wildfire between the long-unburnt vegetation, the
area prescribed burnt 5 years previously or the whole footprint of the wildfire.

This finding should be treated with some caution, because factors such as weather
and topography were not accounted for. Nonetheless it appears unwise to modify
bushfire operational plans in forested landscapes without direct evidence that the
postulated effect on suppression difficulty is real.

Contributing to the understanding of fire pattern development, used for fire
investigation
Presenter: Chris Warren, Arvada Fire Protection District

Grounded theory research conducted in March of 2025 to understand where we
need to begin enhancing our understanding of the fire effects which generate the
patterns investigators rely on to follow a fire back to its origin. This researched was
performed on flat terrain and in a grass fuel model only, but highlighted a need to
better understand the visible effects of fire left behind on artifacts across all fuel
types and terrain. It is also speculated that adjacent research may be covering
some of these needs, but missed by the investigation community without
relationships built with those performing other areas of research in the wildland
environment. This presentation would address the work that has been done, and
what was learned, and be a call to those in attendance to begin a collaboration
where possible.

ACCESS-Fire modelling of the Wooroloo bushfire in Western Australia,

February 2021
Presenter: Melanie Webb, Bureau of Meteorology
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Co-authors:

The Wooroloo fire ignited approximately 50 km east of Perth at midday on 1
February 2021. It burned over 10,000 ha and destroyed 86 homes, with most of the
damage occurring in the first 24 hours. The fire did not exhibit normal diurnal
trends in fire behaviour, instead it made a significant run overnight; this was driven
by the synoptic pattern that directed strong and gusty easterly overnight winds
across the Darling Scarp where the fire was burning. We present simulations of the
Wooroloo fire, using the coupled fire-atmosphere model ACCESS-Fire. The high-
resolution model outputs have 1-minute timesteps for surface fields and 100 m
horizontal resolution. The simulated fire perimeter verifies well against the
observed fire spread. The model captured the rapid spread overnight, and fire-
atmosphere interactions show that the fire intensity and fire spread on the flanks is
highly sensitive to small fluctuations in wind direction. The simulation results
highlight the importance of using detailed three-dimensional wind data to
accurately predict fire behaviour. However, interpreting the output of such complex
models and running them in real-time remains a challenge. This work has been
conducted through the Natural Hazards Research Australia 'Fire Case Studies'
project.

Fuel hazard reduction and restoration thinning strategy trade-offs in
frequently burned pine forests
Presenter: Chad Hoffman, Colorado State University

Fuel hazard reduction treatments have been the dominate land management
action across much of the western US for the last quarter century. Conventional
fuel hazard reduction treatments emphasis reducing canopy fuel continuity and
surface fuel loading using an even spaced, thin-from-below approach, ideally
combined with pile or broadcast burning of residual surface fuels. Although these
treatments have been shown to effectively reduce potential fire behavior in the
short term, they often result in forest structures that are less structurally diverse
than treatments designed to restore historical conditions, improve wildlife habitat
or increase resilience to variety of disturbances. Ecological restoration treatments
emphasize enhancing structural heterogeneity but may produce less fire-resistant
stands causing tradeoffs between fuel hazard reduction and restoration objectives.
In this presentation we will present results from several studies that have explored
these tradeoffs with an emphasis on within stand heterogeneity and tradeoffs
across a range of burning conditions. We utilize a combination of field-assessed
tree data in ponderosa pine-dominated forests from Colorado USA and simulation
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modeling with the Wildland Urban Interface Fire Dynamics Simulator (v9977). All
types of thinning reduced fire behavior and severity relative to untreated forests,
and overstory removal combined with reductions in surface fuel loading were more
effective than either overstory or surface fuel reductions alone. Fire rate of spread
was slightly increased following variable retention harvests or treatment that
included thinning from below. Fire weather, cutting methods, and surface fuel load
all influenced potential fire severity. Variable retention thinnings did not reduce
severity as much as treatments including a thin-from-below, regardless of the
horizontal arrangement of trees. Our results suggest tradeoffs between ecological
restoration and hazard reduction could be overcome if restoration treatments
incorporate small tree removal, emphasize the creation of smaller groups of trees,
or emphasize within-group spacing of overstory tree crowns.

Geospatial Foundation Models for Dynamic Fuel Hazard Mapping in Victoria
Presenter: Paul Bentley, FLARE Wildfire Research Group

Operational fire spread models require accurate fuel inputs to predict fire
behaviour and severity. Fire models use fuel type layers to generate fuel load
estimates that vary with time since fire. Existing models assume uniform response
to time since fire regardless of growing conditions, management regime, or fire
severity, all of which alter fuel trajectories. Recent developments in remote sensing
offer potential to address this gap through continuous monitoring. We develop
automated workflows using geospatial foundation models for dynamic fuel load
mapping and to capture temporal dynamics. We test their application for
generating time-varying fuel load estimates following the Overall Fuel Hazard
Assessment Guide framework across Victorian case study regions. Geospatial
foundation models were used to synthesize multi-temporal satellite imagery and
combined with fire history and field observations to estimate fuel hazard in native
vegetation in Victoria. The workflow generates annual hazard and fuel load maps
within two weeks of satellite image availability. These data can be readily used in
both Spark and PHOENIX with minor changes to the current infrastructure.
Combining these data with spatial estimates of fuel moisture are likely to improve
operational fire model predictions, thereby improving community and fire fighter
safety. Hindcasting these data will allow for retrospective analyses of fuel response
to treatments such as mulching and prescribed burning. Furthermore, these data
will be useful in understanding fuel trajectories in response to past fire as a
function of time since fire, fire severity and fire season.
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Can Rainforest Edges Hold the Line against fire? Floristics, Fuels and Fire at
Forest Boundaries.

Presenter: Shubham Chhajed, Hawkesbury Institute for the Environment, Western
Sydney University

Rainforest vegetation is commonly treated as natural fire break as it can halt the
spread of hazard reduction burns or wildfires originating in adjacent sclerophyll
forests. Yet the resilience of rainforest edges under changing fire regimes remains
poorly understood. To evaluate the vulnerability of these critical boundaries to
future fire regimes, we conducted a field study of floristics, fuel conditions and fire
history across rainforest-sclerophyll forest boundaries in eastern Australia. We
quantified floristics, surface and near-surface fuel loads, associate fuel hazard
assessments, and microclimate metrics such as temperature and relative humidity
along 21 transects across nine sites in National Parks within Biripi Country in
northeastern New South Wales. Sites were most recently impacted by the 2019-20
fires and were stratified by fire frequency (ranging from 2 fires in the decade
preceding the 2019-20 fires to long-unburnt, i.e., &gt; 100 years between two fires)
and fire severity of the 2019-20 fire (low: no/partial canopy scorch; high: full canopy
scorch or consumption). Each site consisted of six 4 x 4 m quadrats spaced 20 m
apart repeated along 2-3 transects, starting in rainforest and transitioning to
sclerophyll forest ensuring that the transition was gradual and not determined by
topographical features. Preliminary results indicate that rainforests and sclerophyll
forests most recently impacted by low severity fires had higher plant diversity than
those impacted by high severity fires. Similarly, sites with frequent fires in the past
were more diverse than long-unburnt sites. High plant recruitment after frequent
or low severity fires may explain lower basal area per transect and higher number
of juveniles in the understory at these sites compared to sites with infrequent or
high severity fire history that mostly consisted of mature and old-growth
individuals. The results suggest how species distribution and vegetation boundaries
shift according to local fire history and compounding disturbance. Data-driven
insights into the fire conditions and their impact on vegetation boundaries are vital
for planning hazard reduction burns, conserving biodiverse rainforests, and
managing transitions between threatened forest biomes under a warming, more
fire-prone climate.

Energetically anomalous wildfire extremes and regime volatility identified by

fire radiative power indices
Presenter: Zak Derler, University of Birmingham
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Over the past two decades, wildfires have increased in both frequency and
energetic magnitude leading to a number of methodological approaches to
quantify fire intensity. Much of the recent literature characterises these events
using satellite-derived fire radiative power-based metrics including peak energy
(FRP<sub>max</sub>), the average energy per fire event (FRP<sub>mean</sub>),
and upper percentile threshold daily sums (ZFRP). While informative, these
measures remain fundamentally constrained by their dependence on fire
occurrence, yielding an approximately linear coupling between observed energy
release and detection count.Our approach to address this limitation is to quantify
departures from a modelled relationship between detection count and ZFRP and
isolate the residual behaviour of the upper tail of the energy distribution. Once
standardized, these metrics yield a suite of complementary indices characterising
anomalous energy magnitude, tail behaviour, and fire intensity. Indices were
derived from fire radiative power detections from the Moderate Resolution Imaging
Spectroradiometer (MODIS) and the Visible Infrared Imaging Radiometer Suite
(VIIRS), onboard the Suomi-NPP, NOAA-20, and NOAA-21 platforms, and have been
aggregated over 23 years (2003-2025) at scales ranging from global, latitudinal
band, to biogeographical realm. Aggregation can be extended to alternative
contexts to enable comparison of anomalous energy behaviour relative to both
long-term global and shorter-term regional baselines.</p><p
class="MsoNormal">Decoupling ZFRP from detection count and isolating overall
energy anomalies and upper-tail behaviour reveals distinct modes of intense fire
activity, distinguishing planetary-scale, teleconnection-driven widespread burning
from high-energy localized events. Further, <em>fire volatility</em>, defined by
residuals of the long-term trend in our fire intensity anomaly indices, can be utilised
as a novel diagnostic for characterising fire-regime instability, with initial
exploration indicating upward trends across multiple regions. This emerging
framework constitutes the first stage of a wider effort to classify wildfire behaviour
at varying scales. These indices provide a flexible, comparative framework for
diagnosing anomalous wildfire energy across diverse temporal and spatial
contexts.

Fire Effects in a Changing Landscape (Cumulative fire impacts on biodiversity
and ecosystem service)
Presenter: Shailesh Kumar, SRM University-AP, India

Forest fires play a key role in reshaping the structure, composition, and diversity of

forest ecosystems. Tropical dry forests (TDFs) are complex ecosystems that exhibit
heterogeneous vegetation with high diversity and are vulnerable to anthropogenic
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disturbances and climate change. This study aims to assess the impact of wildfires
on tree structure, composition, and diversity in tropical dry forests of Satpura Tiger
Reserve (STR), Madhya Pradesh, Central India. The study utilizes both satellite
imagery coupled with field-based phytosociological assessments. Multispectral data
of 22 years (2002-2023) sourced from Landsat 7 ETM, Landsat 8-9 OLI/TIRS, Sentinel
2, and MODIS were used for fire frequency map of the STR. Based on fire return
intervals, the study area was categorized into five fire frequency classes, viz.,
control (0), low (1-2), moderate (3-4), high (5-7), and very high (=8-time burn). A total
of 66 plots of 0.25 ha were laid for the phytosociological assessment, with 25, 11,11,
11 and 8 in control, low, moderate, high, and very high frequency classes,
respectively. A total of 81 tree species were identified across different fire
frequency classes. The control class contributed 73 species, of which 17% were
unique to other frequency classes, followed by low frequency with 50 species (2%
unique), moderate frequency with 52 species (1.9%), high frequency with 55 species
(7.2%), and very high frequency with 54 species (0%). The mean stem density of
adults, saplings, and seedlings was 392+15.6 ha-1, 373.5+34.9 ha-1, and
10074.6+£685.8 ha-1, respectively, and adults and seedlings varied significantly (p
&lt; 0.01) across fire frequency classes. The mean basal area of the adults, saplings,
and seedlings was 12.92+0.7 m2/ha-1, 1.32+0.1 m2/ha-1, and 0.52+0.0 m2/ha-1,
respectively, and the adults’ basal area and density (p &It;0.01) vary significantly
with fire classes. Shannon-Wiener diversity and Simpson diversity Index both show
their significant (p &It;0.05) relation with seedlings. This study would be helpful to
investigate the short and long-term relationship with forests fire regimes on the
structural, compositional, and diversity attributes in TDFs.

Key words: Forest Fire, Tropical dry forests, Remote Sensing and GIS, Central India.

Fuels and Fire Behaviour in Complex Systems: Coupling fuel data with real-
time fire simulation tools

Presenter: Amila Wickramasinghe, Western Sydney University, Hawkesbury Institute for
the Environment

Quantifying firebrand attack zones using physics-based simulations and a
generalised firebrand exposure model: application to the 2019-20 Currowan Fire at
Conjola Park, Australia

Extreme wildfire events are becoming increasingly frequent under a warming
climate, posing escalating threats to communities situated within the wildland-
urban interface (WUI). Among the principal fire exposure mechanisms—direct
flame contact, radiant heat, and firebrand attack—firebrand (ember) spotting is the
dominant cause of house loss during wildfires. However, the mechanisms linking
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firebrand exposure, terrain, and fire weather to house destruction have not been
comprehensively quantified.

This study combines physics-based firebrand transport simulations with statistical
modelling to characterise firebrand landing patterns and develop a generalised,
distance-dependent firebrand exposure model, validated against observed house
loss from the 2019-20 Currowan Fire at Conjola Park, New South Wales, Australia.
Eight physics-based simulations were conducted across combinations of fire
weather severity (FFDI 50 and 91), wind direction (north-westerly and west-north-
westerly), and fireline proximity to the community (near and far), representing
conditions recorded during the fire event. Firebrand landing locations from each
simulation were smoothed using Gaussian kernel density estimation to derive areal
density profiles. A negative binomial generalised linear model (NB GLM) was then
fitted to pooled firebrand landing densities across all scenarios to identify the most
transferable predictor of firebrand exposure.

Firebrand landing density peaked consistently at 10-25 m from the fireline, within
the BAL 40/BAL 29 zone, and decayed to near-zero beyond 100-150 m across all
scenarios. While FFDI 91 produced approximately 1.2-1.5 times higher peak density
than FFDI 50, the decay profile was unchanged, identifying distance as the
dominant control on firebrand exposure. Model selection via leave-one-scenario-
out cross-validation confirmed that the distance-only model (M1) generalised best
to unseen fire conditions, outperforming more complex models incorporating fire
weather severity, wind direction, and fireline length by 34-38% in prediction error.
The generalised exposure curve was applied to 253 houses at Conjola Park using
each house's distance to the nearest Bushfire Prone Land (BFPL) boundary as a
fireline proxy, producing a normalised relative firebrand exposure index (Er) and
classifying houses into High, Medium, and Low firebrand attack zones. Zone
classification was significantly associated with post-fire house loss outcomes (x%(2) =
24.6, p &lt; 0.001), with loss fractions of 74%, 50%, and 38% respectively. Deviations
from the expected monotone pattern are attributed to an offset between the BFPL
boundary and the active fire front position.

This work demonstrates that a simple, physics-informed distance-based model can
reliably characterise community-scale firebrand exposure and offers a practical
framework for firebrand attack zone delineation to support WUI planning and
building standards.
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Cross-Disciplinary Framework for Strengthening Preparedness for Managed
Burns
Presenter: Diana Kuchinke, Federation University

Drivers of the fire regime are well understood - one of the main drivers is climate.
Drought is the ultimate hammer of climate change; fire is the manifestation of
drought. Positive IOD and negative SAM events precondition the landscape for
wildfires, exacerbating dry conditions in SE Australia. While there are clear trends in
annual rainfall, and fire risk, predictions remain complex owing to the diversity of
climate drivers in this region that are impacted by tropical and temperate forces,
both east and west of Australia. It has now become increasingly harder to
disentangle climate drivers that are predicted to occur within expected ranges,
from extreme fire events. With fires now occurring at unprecedented scales of
frequency, severity, intensity and extent, there is a clear mandate for greater cross-
disciplinary processes, to enable greater protection of not only humans and assets,
but also flora and fauna species. Already, the changing fire regime is having
profound impacts on Australia’s flora and fauna. In the forests and woodlands, the
new climate is seeing unprecedented spread, intensity, and frequency of wildfire,
yet the management response is mostly to apply more prescribed fire to the
landscape. Fire patterns change over time and, as a result, policy changes and
changes to on-ground management must occur at a speed that keeps pace with
these changes. Otherwise, policies that were intended to mitigate the impacts of
severe fires may instead result in, not only loss of human life and assets but,
significant risks to the integrity of ecosystems. A more nuanced, cross-disciplinary
approach is needed - a further blending of science with on-ground management,
working together toward being more proactive, rather than reactive. In this
presentation | will review a simple theoretical framework; short-, medium- and
long-term planning that includes the factors driving fire, underpinned by the
climate drivers of the SE Australia region. The idea is to have a framework that
helps guide planned burning strategies, with the inclusion of climate drivers,
combined with fire 'triggers', across different temporal scales, resulting in enhanced
on-ground preparedness.
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Evaluating PFT and other indices for distinguishing pyroCb environments in
southeast Australia
Presenter: Caleb Wilson, UNSW Canberra

Over the last several decades, numerous fire weather and thunderstorm-
forecasting indices have been developed to quantify atmospheric conditions that
indicate wildfire spread potential, wildfire behaviour, and thunderstorm
development. Most indices combine measures of three essential meteorological
variables—temperature, moisture/humidity, and/or wind speed. Although earlier
indices, such as the Haines Index and later, Continuous Haines Index (C-Haines),
have attempted to measure pyroconvective potential, only in the past decade have
indices been developed specifically for the purpose of forecasting the deep
convection necessary for pyrocumulonimbus (pyroCb) development.

One such index is the Pyrocumulonimbus Firepower Threshold (PFT), which
combines aspects of both fire weather and thunderstorm forecasting indices. Here,
with the use of ERAS’s atmospheric reanalysis data, we offer a statistical analysis
(Mann-Whitney U-tests and regression analysis) of PFT’s skill in differentiating
pyroCb environments from standard (non-pyroCb) wildfire environments in the
southeast Australian mainland (Victoria, New South Wales, and the ACT). We then
compare PFT's performance to that of other fire weather and thunderstorm-
forecasting indices, as well as their components and other parameters.

We found that PFT performed poorly as a broadscale indicator of pyroCb
potential—with two of its three primary components showing no skill across any of
the five times we measured. PFT's performance was in stark contrast to simpler
indices, like C-Haines and its stability component—both of which performed very
well. We also explain important nuances regarding PFT's input variables and how
they contributed to the overall poor performance of the index. However, we also
discuss ways in which PFT may still be a useful tool when other contextual data
related to fire behaviour is available—such as the local terrain and the presence or
absence of deep flaming. Finally, we stress the vital importance of continuing to
evaluate the PFT—Dbe it through case studies (including non-pyroCb false alarm
cases and pyroCb cases with high PFT) and through alternative statistical analysis
methods from those described here.

Next-Gen Technologies and Data-Driven Fire Science: Artificial Intelligence (Al)
enhanced fire sprea

Presenter: Amila Wickramasinghe, Western Sydney University, Hawkesbury Institute for
the Environment
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Co-authors: Vishal Deshwal (v.deshwal@westernsydney.edu.au, PhD Candidate, Western
Sydney University)

Theory-guided Al next-day ignition modelling

Forecasting next-day wildfire ignition probability is a critical challenge in fire
science, with direct implications for emergency preparedness and resource
allocation. This study presents a theory-guided artificial intelligence (Al) framework
for modelling next-day fire ignition probability across the New South Wales BARRA-
SY subdomain (lat: =38.0° to -28.0°, lon: 147.0° to 155.0°) at approximately 1.6 km
spatial resolution. The prediction task is framed as a binary patch-level classification
problem: given today's observed environmental conditions, will a new ignition occur
in a given spatial patch the following day? The modelling domain is partitioned into
non-overlapping 16 x 16 cell patches each at 100 m resolution, with patches
exceeding 2% missing values excluded. The target variable is derived from the
FIRED dataset (Balch et al., 2020; Mahood et al., 2022), with a 7-day cooldown filter
applied to retain only genuinely new ignition events and exclude fire continuations,
directly addressing the severe class imbalance inherent in wildfire records. Two
predictor categories are used. Static predictors capture time-invariant landscape
characteristics: elevation, slope, aspect, population density, distances to
transmission lines, railways, and roads, vegetation type, and three landform
classifications. Dynamic predictors are daily BARRA-SY reanalysis variables —
maximum temperature, CAPE, surface temperature, relative humidity, wind
components, precipitation, lightning, kNDVI, and time-since-fire — included at up to
four-time lags (lag-0 to lag-3), allowing the model to incorporate both current-day
and antecedent atmospheric conditions. The core model, PatchViT, is a Vision
Transformer adapted for spatial patch-level prediction. Each patch is tokenised into
spatial sub-patches, projected into an embedding space, and processed by a multi-
head self-attention Transformer encoder. A learnable CLS (classification) token
aggregates information across the token sequence, and its output is passed
through a classification head to produce an ignition probability. The model is
trained on 2012-2020 data, validated on 2015 and 2019, using Binary Cross-Entropy
loss and the AdamW optimiser with mixed-precision training. The model achieves a
ROC-AUC of 90.2%, True Skill Score (TSS) of 0.52, and Heidke Skill Score (HSS) of
0.59 at an optimised threshold of 0.13, demonstrating strong discriminative skill for
a rare-event prediction task. Spatial evaluation confirms that predicted ignition
probabilities are highest across the drier western slopes and plains, consistent with
known fire climatology of the NSW domain.
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A data-driven website for exploring patterns in landscape fire and its drivers
Presenter: Hamish Clarke, University of Melbourne

Many community members have a strong sense of ‘knowing' fire, yet not many
people encounter the kinds of data that fire managers and researchers often work
with when describing spatiotemporal patterns in fire. And while there are a range
of sophisticated and complex fire-related datasets, portals and tools, they are not
all easily accessible for pressured and time-poor researchers, decision makers and
communities.

Here we present the fruits of a transdisciplinary collaboration aimed at exploring
the possibilities of data-driven communication about past, present and future fire
risk. We have developed a website for exploring patterns in landscape fire and its
drivers. The site includes maps, time series graphs and concepts for thinking about
fire and climate change. The key input datasets are fire activity mapping from
agencies and satellite records, as well as proxies of four important drivers of fire:
fuel, dryness, weather and ignition.

Our aim was to make a website that was engaging and educational, and that did
not overwhelm or induce decision fatigue. As part of the project we undertook user
testing with researchers, fire managers and community members, revealing various
ways in which we succeeded and failed in our aims. The testing also uncovered an
unexpected use case in high school geography education, which we are now
exploring with colleagues in the Faculty of Education.

This website serves as a prototype or demonstration of possible approaches to
translating and communicating fire knowledge. Our code and concepts can be
adapted for other states and territories, other hazards and other user groups. We
hope it spurs further discussion and collaboration across sectors, disciplines,
knowledge systems and borders.

On the effectiveness of fuel breaks
Presenter: Hamish Clarke, University of Melbourne

Fuel breaks are a key part of Victoria's approach to bushfire risk management.
However, their effectiveness in different contexts is not well understood. This
review aimed to synthesise the best available scientific evidence on fuel break
effectiveness to support planning and decision-making.

We conducted a systematic search of the peer reviewed literature and a subset of
grey literature, identifying over 1,700 potentially relevant documents. These were
progressively filtered for studies that generated new knowledge about fuel breaks,
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specifically addressed fuel break effectiveness, used empirical methods and
analysed effectiveness at a regime scale.

Evidence from southern California (4 studies), the western US (1) and southern
Spain (1) shows fuel breaks can support suppression efforts and reduce fire
behaviour, but their effectiveness is contingent on multiple factors, greatly reduced
under extreme weather conditions and partial rather than complete in reducing
risk. Success rates varied across studies, but generally ranged from 40-60% of fire-
fuel break intersections resulting in some degree of fire control or behaviour
change.

We did not identify any empirical, quantitative, regime-scale studies specifically
focused on Australian contexts, or on the effectiveness of fuel breaks for specific
Victorian uses i.e. landscape protection (backburning off a fuel break to limit the
spread of a fire which cannot be controlled through direct attack) and asset
protection (using a fuel break as a platform for protection of assets - e.g. houses).
The small number of empirical, quantitative studies on fuel break effectiveness
(and differences between the studies) mean that it is difficult to extrapolate beyond
general guidelines for Victoria i.e. fuel breaks are likely to support fire
management, but their effectiveness will depend on external factors such as
weather and the availability of suppression resources, and internal factors like
design and maintenance. It would be valuable to investigate the drivers of fuel
break effectiveness for specific ecosystems and operational uses (i.e. landscape
protection and asset protection) relevant to Victorian fire management.

Variability of Wildfire Regimes in Power Grid Infrastructure across Pacific
Northwest Ecoregions
Presenter: Eliceo Ruiz Guzman, University of British Columbia

Wildfire disturbances have intensified in recent decades across many forested
regions, with significant consequences for ecosystems and human well being. In the
Pacific Northwest of North America, warmer and drier conditions are linked to
longer fire seasons, larger burned areas, and shifts in fuel composition. However,
differences in wildfire regimes such as frequency, severity, and size across
ecoregions are not well understood. In this study we will characterize fire regimes
and map 40 years of disturbance to compare them across ecoregion scale. The
study area includes two Canadian provinces, British Columbia and Alberta, and
eleven western United States, from Washington and Oregon to New Mexico,
encompassing diverse ecoregions such as temperate rainforests, montane conifer
forests, deserts, taiga, and Mediterranean ecosystems. We use Landsat imagery
from 1985 to 2022 at 30-meter spatial resolution and process the data in Google
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Earth Engine to generate annual gap free surface reflectance composites using the
Best Available Pixel (BAP) method. To detect and characterize forest disturbances
such as fire, harvest, and other events, we apply the Three Indices Three
Dimensions (313D) model, which integrates Normalized Difference Moisture Index
(NDMI), Normalized Burn Ratio (NBR), and Moisture Stress Index (MSI) to capture
vegetation moisture, burn severity, and post fire recovery. Preliminary results on
disturbance size indicate that between 1985 and 2022, the Taiga exhibited the
highest proportion of disturbed area, with 12.1 percent of its region affected, about
2.1 million hectares, followed by the Northern Forests, where 11 percent, about 4.3
million hectares, experienced disturbance. The Northwestern Forested Mountains
recorded the largest total affected area, reaching approximately 10.9 million
hectares, equivalent to 7.5 percent of their extent. In contrast, the Great Plains, with
0.1 percent, the Southern Semi Arid Highlands, with 1 percent, and the North
American Deserts, with 0.5 percent, showed the lowest proportion of disturbed
area, representing the least affected regions within the Pacific Northwest
ecoregions. These findings provide essential components for distinguishing wildfire
events from other forest disturbances and for refining the characterization of
wildfire regimes, including their frequency and severity across different ecoregions.

Diagnosing the evolution of critical fire weather over southeast Australia
Presenter: Wenyuan Ma, UNSW Canberra

Recent studies have confirmed a strong association between extreme fire activity
and critical fire weather such as cold fronts. The passage of cold fronts can trigger
abrupt wind shifts, increased wind speeds, and enhanced atmospheric instability,
thereby intensifying fire danger. Under a warming climate, cold fronts are
increasingly recognised as key contributors to the escalation of extreme fire events.
For example, during the 2019-2020 “Black Summer”, repeated outbreaks of large
fires associated with cold front passages underscored the importance of diagnosing
these critical fire weather conditions and understanding their climatological
characteristics

In this context, we developed a diagnostic framework based on daily maximum
temperature change (AT) to characterise critical fire-weather events across
southeast Australia. We utilized high-resolution reanalysis data to construct the
historical climatology of cold front activities. The results suggest that stronger and
more frequent cold fronts are closely linked to more active wildfire seasons and
may serve as a potential signal for the early warning of extreme fire risk. This study
provides a foundation for understanding the evolving dynamics of critical fire
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weather systems and insights for long-term wildfire risk prediction and
management.

A Satellite-Based Approach for Identifying and Mapping Historical Blow-Up
Fire Events over Southeast
Presenter: Wenyuan Ma, UNSW Canberra

The frequency and intensity of extreme wildfires have been escalating with climate
change, highlighting the urgent need for improved early warning and forecasting
capabilities. Extreme wildfire events are often accompanied by one or more blow-
up fire events (BUFEs), characterized by sustained, exceptionally high fire intensity
over a short period, reflecting strong coupling between the fire and atmosphere.
BUFEs involve dynamic fire behaviour and are the diagnostic feature of extreme
wildfires, and the ability to predict BUFEs would greatly advance extreme fire
forecasting. Despite their importance, systematic documentation of historical
BUFEs remains limited due to the lack of consistent observational records. In
response, we developed a historical database of BUFEs across southeastern
Australia using satellite remote sensing data. This database provides a foundation
for future research on the occurrence patterns and forecasting of BUFEs.

Our approach employs an integrated satellite-based framework for identifying
blow-up fire events. First, we used satellite-derived active fire detections (hotspots)
from MODIS to generate grid-based BUFEGRAMs that highlight potential BUFE
regions. The potential BUFE regions were identified based on the density and
intensity attribute of hotspots within each grid cell. The candidate blow-up fire
events detected through this automated process were subsequently validated
using the MODIS burned area product to confirm the presence of contiguous and
rapidly expanding burn scars, thereby refining the candidate list and yielding a
reliable inventory of historical BUFE polygons. The resulting dataset provides a
satellite-derived catalogue of BUFEs from 2001 to 2024. It offers a basis for
investigating the driving conditions of BUFEs and for advancing forecasting
frameworks that can better inform resource allocation and public warning systems
associated with extreme fires.

Predicting Local Weather Fields for Wildfire Response Using Terrain and Fuel
Characteristics

Presenter: Daeun Jeong, Hyun Seong Shin, Jewoo Bae, Namkeun Kim, Sogang University
Co-authors: Jewoo Bae (jwbae@sogang.ac.kr, Researcher, Sogang University)

Namkeun Kim (nkim@sogang.ac.kr, Professor, Sogang University)
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In recent years, the frequency and scale of wildfires have continued to increase due
to climate change and ecosystem shifts, emerging as a critical global socio-
environmental issue. However, wildfire frequently occurs in complex mountainous
terrain, making it difficult to obtain accurate on-site meteorological information.
Standard weather stations are not always located near wildfire ignition points, and
their measurements—temperature and humidity at 2 m and wind speed and
direction at 10 m above ground—do not fully represent the local meteorological
conditions in affected areas. Many existing wildfire prediction systems rely on
spatially interpolated meteorological data from these stations for fire spread
prediction and risk assessment. However, because wind characteristics are highly
sensitive to local terrain, interpolation can cause substantial discrepancies
compared to actual conditions, with reported cases of interpolated wind speeds
differing from on-site measurements by more than 10 m/s. To address these
limitations, this study proposes a model that estimates high-resolution local
meteorological conditions by interactively utilizing multiple data sources. Terrain
information (elevation, slope, aspect, and landform features), fuel characteristics
(vegetation maps and fuel models), and observational and reanalysis datasets (AWS
and ERA) are converted into two-dimensional gridded inputs. The model learns the
spatial relationship between terrain and meteorological variables directly in a 2D
image-based learning framework. The trained model then generates high-
resolution two-dimensional spatial maps (2D Local Climate Maps) of key
atmospheric variables, including wind speed, wind direction, humidity, and
temperature. The proposed model reconstructs local meteorological fields in a
visually intuitive and quantitatively interpretable 2D spatial structure. Since both
the input and output are organized in a consistent two-dimensional grid format, the
model can be seamlessly integrated with existing wildfire analysis and simulation
systems, improving the spatial realism and applicability of meteorological inputs.
This framework enhances the quality of input variables used in existing wildfire
spread models without modifying their underlying algorithms, offering strong
practical value. Ultimately, the proposed approach can improve the accuracy of
wildfire spread prediction, refine post-fire impact assessment, and support more
informed strategic response planning.

Most U.S. wildfire impacts occur within 24 hours of report: the challenge of
short-fuse fires

Presenter: Nick McCarthy, Country Fire Authority (CFA)

Wildfire disasters continue to escalate globally despite decades of investment in
early detection, suppression technology, and firefighting capacity. This study
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identifies a critical subset of wildfires we term “short-fuse fires”, with impacts that
onset within minutes to hours of ignition, producing catastrophic community
outcomes. Using the ICS-209-Plus dataset and a structured review of all U.S.
wildfires since 1999 that destroyed more than 100 residential structures, we find
that short-fuse fires account for approximately 57% of all structures lost and 80% of
civilian fatalities in the past 25 years.

The risk short-fuse fires present is in the temporal property of time-to-impact,
rather than fire size, rate of spread, intensity or other metrics, and this necessitates
a defensive firefighting strategy. Analysis of 77 U.S. wildfire disasters (1999-2025)
shows that these short-fuse events represent the extreme upper tail of a power-law
distribution of losses, where the top 0.5% of fires cause over 90% of all structure
destruction. Notable examples include the 2017 North Bay (CA), 2018 Camp (CA),
2021 Marshall (CO), 2023 Lahaina and 2025 Los Angeles (CA) fires, demonstrating
that detection within minutes and rapid initial attack were insufficient to prevent
widespread devastation.

Common response dynamics across these events reveal common constraints:
concurrent ignitions overwhelming available resources, access is limited terrain and
by downed trees and powerlines from high winds. These winds also prevent aircraft
becoming airborne or being able to drop safely and effective. Water systems and
associated effectiveness of suppression degrade as houses are lost as a cascading
impact. The result of these factors is a limiting of capacity asset protection, with the
focus being on life safety.

Recognizing time-to-impact as a defining characteristic of wildfire hazard reframes
the problem from one of faster detection or stronger suppression to one of
adaptation and resilience. Future risk reduction must integrate this understanding
into community design, emergency planning, and governance frameworks to
accommodate the inherent limits of response in the face of short-fuse wildfire
dynamics.

Protecting the collared delma (Delma torquata) in fire management through
collaborative approaches
Presenters: Clare Rogers, Diana Virkki, Miranda Rew-Duffy, Healthy Land and Water

The collared delma (Delma torquata) is a threatened species with small population
pockets in Brisbane. As a semi-fossorial species dwelling under granite rocks, it is
restricted to small home ranges in dry, open spotted gum woodlands. Although a
forest requiring frequent fire, little is known about the implications of fire
management on collared delmas. Partnering with Brisbane City Council (BCC) and
using the collaborative stakeholder network and engagement models of the
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Queensland Fire and Biodiversity Consortium (QFBC), we are investigating the
impacts of active weed and fire management on collared delmas at a Brisbane
population. We are also engaging with a wide range of stakeholders and
community organisations to build knowledge and understanding of fire processes
in the landscape and build a data-driven evidence base to improve management
outcomes. The study site, Anstead Bushland Reserve, is senescing and in poor
condition with heavy weeds (i.e. Lantana montividensis and L. camara) due to a lack
of consistent, active fire management in line with the Regional Ecosystem
guidelines. Using a Before-After-Control-Impact (BACI) design, two pre-fire and
post-fire surveys of the collared delma will be undertaken across weed treated,
non-weed treated, burnt and unburnt sites, to determine any changes in
abundance of collared delmas. Active searches will be used to detect collared
delma across twelve replicate sites. Habitat metrics including percentage cover of
granite, vegetation, weeds, and bare ground will be conducted to understand the
drivers of change and interactions with fire. Pre-fire surveys are planned for
November 2025 and ~March 2026, with the intent of BCC undertaking a cool,
mosaic ecological burn when conditions and appropriate soil moisture is available.
Upon completion, two post-burn surveys will be conducted ~2 weeks and 2 months
post fire. The project and collaborative approach will be presented with preliminary
pre-fire monitoring data. Results aim to form a basis for fire management
recommendations across the collared delma’s range, and improve and update the
conservation advice related to this species. Additionally, the outcomes will inform
management of other similar semi-fossorial reptile species as well as best practice
fire management in weedy, dry eucalypt ecosystems across the region.

Progress in the Victorian fire reconstruction program
Presenter: Nick McCarthy, Country Fire Authority (CFA)

Bushfire reconstructions provide an evidence-based foundation for improving
decision-making, policy, science and operational practice in fire management. By
analysing the chronology and behaviour of major bushfires, reconstructions
translate complex event data into knowledge that informs future prediction,
preparedness, and response.

The Victorian fire reconstruction program, jointly led by the Country Fire Authority
(CFA) and the Department of Energy, Environment and Climate Action (DEECA), has
established consistent methods, standards, and templates for post-event analysis.
Each reconstruction documents at a minimum fire behaviour, but can focus on
management actions and outcomes, producing detailed case studies that support
operational evaluation and model validation. The process has relied on and has
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strengthened collaboration between CFA and DEECA researchers, risk analysts and
fire behaviour analysts, accelerating knowledge transfer to operations, fire
managers, policy makers and academics.

Implementing reconstructions within the sector presents a range of practical
challenges. Determining when to initiate a reconstruction requires balancing
priorities during busy fire seasons and expectations once they start are critical.
Topics like events that interact with fuel treatments, exhibit extreme behaviour or
test effectiveness of suppression compete for attention. It requires defining clear
intent, authorisation and processes that allow personnel to be released from
operational duties when demand is high, and requires making scientific
investigation a “normal” part of fire culture. Finally, ensuring reconstructions fit
within existing operating environments during active suppression and in post-fire
recovery requires alignment with incident management structures and recognition
of the operational pressures facing field and analysis staff.

The reconstruction program in Victoria continues to evolve and strengthen the
evidence base around bushfires. The ongoing collaboration between agencies
ensures that lessons from major fires are captured, analysed, and translated into
enduring improvements within and outside the agencies.

Integrating Landscaping Opportunities into Post-Bushfire Infrastructure
Restoration Projects
Presenter: James Gullison, Fyfe - NGH

The 2019-20 “Black Summer” bushfire season was unprecedented in scale and
intensity within South East Queensland, causing widespread environmental, social,
and economic impacts throughout the region. These fires affected many
threatened species, significant areas of landscape, and caused large-scale damage
to the state-controlled road network. Post-fire reporting indicated that the total
area burnt within the Queensland Parks and Wildlife Service estate of the Main
Range area was approximately 19,592 hectares, including 11,723 hectares burnt
within the Gondwana Rainforests World Heritage Area.

Federal programs, such as the Disaster Recovery Funding Arrangements, and state
agencies, including the Queensland Reconstruction Authority, activated recovery
and funding initiatives to repair infrastructure damage and where applicable,
mitigate the impacts on ecological recovery efforts through the delivery of project-
specific landscaping.

The Natural Disaster Program is a Queensland Department of Transport and Main
Roads program that responds to areas impacted by natural disasters. Projects
delivered under the program require a balance of hard engineering solutions to
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remediate damaged infrastructure through restoration or betterment. This includes
replacing culverts and drainage systems, as well as mitigating rockfall risks through
the installation of rockfall fences and drape mesh. These treatments are
complemented by ‘soft engineering’ opportunities, such as specific and tailored
landscaping solutions and schedules designed to mitigate erosion and rockfall risks,
while also improving degraded landscapes by re-establishing vegetation lost during
the fires.

Through the removal of groundcover and remnant vegetation, the surrounding
landscape was degraded, resulting in secondary natural hazards and further
significant impacts to the landscape. The change and loss of vegetation structure
post-fire demonstrated a reduction in native pioneering species and an increase in
non-native weed species in highly disturbed areas. This has complicated crucial
habitat recovery and increased future fuel loads in areas adjacent to World
Heritage Areas, such as the Gondwana Rainforests of Australia.

The topography and geotechnical stability of the surrounding areas required
project landscaping to deviate from the standard TMR specification requirements
and adopt an approach that mitigates rockfall risks and enhances the adjacent
regional ecosystems.

Narrative scenarios in bushfire regime modelling under multiple climate
futures

Presenter: Patrick Nykiel, Victorian Department of Energy, Environment and Climate
Action

Acknowledging the highly uncertain nexus of climate change and human response,
the Victorian Government has been working with the University of Melbourne to
explore the effectiveness and cost of management actions under future fire
regimes. Key to the success of this research are the scenarios we test. These inputs
are generally set as margins either side of a present-day value, or by toggling
management actions on and off. We might test scenarios based on present day
management with and without fire breaks or test one percent either side of present
day burn frequency. This approach is very helpful for assessing individual
management actions, however feedback from decision makers is that the model
outputs are difficult to understand, and the scenarios do not reflect real world
decisions. Drawing from the climate scenario analysis techniques, our team is
trialling the use of narrative scenarios, or storylines as they are sometimes known,
to help support policy and decision making. The most famous being the Shared
Socioeconomic Pathways (SSPs), these narratives start by describing the breadth of
individual plausible futures for the period being modelled. Capturing the bookend
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extremes in Victoria, we might have a future where insurance becomes less
accessible, and asset protection is prioritised, at the other end of the scale
community expectations may swing toward ecological protection as the highest
priority. In between we can explore more complex interactions such as an
optimisation for lowest carbon emission or exploring the sudden availability of a
suppression technology (such as low-cost autonomous aircraft). The advantage of a
narrative-based approach is a common story that is equally well understood by
modellers and policy makers. The key ‘plot points’ of each narrative can go toward
setting model input settings and assumptions. Equally, the outputs can be read in
the context of the common story, informing policy or decision makers of associated
risks or benefits. By including the intended users in the development of the
scenarios, we expect to improve the applicability of modelled information and
support evidence-based policy making

Implications of incomplete combustion on plume thermodynamics
Presenter: Kevin Tory, Bureau of Meteorology

In large and intense wildfires, the heat released in combustion can provide
sufficient buoyancy for the smoke plume to rise to great heights. If there is
sufficient moisture in the plume air, the plume may condense forming cloud
(pyrocumulus) or potentially hazardous fire-induced thunderstorms
(pyrocumulonimbus). The plume buoyancy comes from the heat released in the
fire, and while most of the plume moisture comes from the atmosphere
surrounding the rising plume (mixed in by turbulent processes), moisture released
in combustion can be important. Consequently, the ratio of heat to moisture
released in combustion is an important measure for predicting the formation of
pyrocumulus and pyrocumulonimbus clouds.

Historically, the ratio was expressed in units that enabled application to standard
thunderstorm diagnostics: the ratio of a temperature increment to a moisture
vapour increment added to an arbitrary parcel of air. With units of degrees C for
the temperature increment, and grams of water vapour per kilogram of air for the
moisture increment, hypothetical scenarios considered by Potter (2005)
incorporated a 1:1 ratio. Using a stoichiometric equation for the complete
combustion of cellulose, and considering a very wide range of potential fuel
moistures and radiative heat losses, Luderer et al. (2009) suggested realistic ratios
should reside with the range of 35:1 (extreme hot and dry scenario) to about 7:1
(extreme cool and moist scenario). However, recent observations of a slash burn
showed ratios of as little as 4:1 (McCarthy et al. 2026), which lies outside Luderer’s
predicted range of realistic ratios.
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We show that if the Luderer et al. methodology is adapted to incorporate
incomplete combustion, the range of potential temperature to moisture increment
ratios is much reduced, encompassing the values observed in the slash burn.
Furthermore, we suggest the complete combustion assumption may introduce
non-trivial errors for most fire scenarios.

Multispectral assessment of fuel load in Canola Stubble
Presenter: Rachel Bessell, Country Fire Authority

In Australia, grass fuel load is used operationally for fire behaviour modelling and
fire danger calculations, which contribute to the determination of the Fire Danger
Ratings (FDRs) and readiness. Grass fuel load, however, is very difficult to quantify
as it has high spatial variability. Within a single paddock, farming practices create
artificial heterogeneous fuel distribution: trash lines, inter-row residues, and rows
of bare ground. Between rows, grass fuel load may vary from below 1.0 to above
10.0 t/ha. This spatial heterogeneity has a significant effect on fireline intensity and
rate of spread. Yet operational fire behaviour prediction is based on averaged and
interpolated fuel load values across multiple paddocks and sometimes across a
whole municipality. As part of a multi-agency experimental field burn program on
the Eyre Peninsula, South Australia, the aim of this project is to propose a new
approach to classify grass fuel load at high spatial resolution. This approach will be
tested in a paddock of canola stubble using high resolution visible and near
infrared imagery captured by a multispectral camera onboard an unmanned aerial
vehicle (UAV). This approach will deliver a prototype grass fuel load layer to be
tested for fire behaviour prediction in canola crops only. It is envisaged that this
approach could be modelled for other crop types and could then be upscaled to
the landscape level.

Bushfire Development Phase Modelling: Integrating Case Study Evidence with
Operational Practice
Presenter: Darcy Prior, Department of Energy, Environment and Climate Action

Victoria's bushfire reconstruction program provides an opportunity to synthesize
data from well-documented fire events, enabling evidence-based improvements of
fire behaviour models. This presentation focuses on improving fire behaviour
modelling during the critical development phase of bushfires, the period from
ignition to steady state where prediction accuracy remains challenging for
operational decision-making.
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Previous research in this area has characterised the fire development phase in
homogeneous fuel beds under controlled conditions, and from a small number of
experimental fires. Fires during this phase exhibit low flame heights that are highly
sensitive to small-scale variations in fuel structure. This sensitivity to localised fuel
arrangement, moisture distribution, and microclimate conditions limits the practical
application of existing research in dynamic landscapes. The gap between current
fire development phase research and field applications represents a significant
challenge for fire managers who must make rapid decisions during initial attack
operations when fires are most suppressible.

Drawing on case study data collected over the past two years from Victorian
landscapes, we examine the developmental trajectories of multiple fires from
ignition through steady state, identifying key factors that inhibit or accelerate fire
progression. From these fires we can see that landscape features (e.g., rocky
outcrops, terrain break) and vegetation structure (fuel availability and influence on
2m winds) can significantly influence the development phase behaviour, and that in
some cases they can be small subtle landscape changes. These findings suggest
that incorporating fine-scale landscape heterogeneity is essential for accurate fire
development prediction.

To improve our ability to model fine-scale landscape changes, fire agencies in
Victoria been investing in enhancing our capabilities for predicting understorey
dead fuel moisture and near-surface wind fields and are continually improving fuel
structure characterization through remote sensing and field validation programs.
This presentation demonstrates how these technological and methodological
advancements can be integrated to model the fire development phase with greater
fidelity, bridging the gap between research findings and operational requirements.
By improving our understanding of factors that govern early fire behaviour, we can
enhance fire behaviour prediction and risk assessment capabilities, ultimately
supporting more effective operational fire management and community protection
strategies.

Improving Bushfire Fuel Classification mapping with 30m resolution data
Presenter: Rakesh Joshi, Randall Donohue, CSIRO

Co-authors: Randall Donohue (randall.donohue@csiro.au, Principal Research Scientist,
CSIRO)

Accurate, high-resolution mapping of bushfire fuel types is essential for selecting
appropriate fire behaviour models and adding to the knowledge base to

understand fire danger and conduct risk assessments. Existing fuel classification
products are constrained by historical vegetation data that has not been recently
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updated and coarse spatial resolution, limiting their effectiveness for such
applications.

Building on the National Bushfire Intelligence Capability Bushfire Fuel Classification
(BFC) product, this study integrates newly developed 30 m resolution input
features, including vegetation height, woody cover, and grass cover, with additional
layers such as bare ground, water, croplands, and building footprints. Vegetation
height was modelled using a machine learning approach trained on Global
Ecosystem Dynamics Investigation canopy profiles, showing improvements over
existing global height datasets, particularly for short vegetation (<5 m). A new 30 m
woody and grass cover product was used to enhance the detail in the
representation of fuel types across different landscapes.

This updated, high-resolution BFC provides more accurate and detailed fuel type
mapping across Australia, significantly improving the characterization of short
vegetation crucial for bushfire modelling and management. The better
characterised vegetation attributes can be either incorporated into existing local
mapping products or used in conjunction with the BFC product where national
consistency is required.

Introducing the Spark Research Platform
Presenter: William Swedosh, CSIRO

The Spark Research Platform is an open, cloud-based environment for wildfire
science and model development, designed to accelerate innovation in fire
behaviour prediction and risk assessment. Hosted on Google Cloud, Spark
Research provides framework for testing, comparing, and integrating new fire
models, datasets, and analytical methods within a semi-operational simulation
environment. The platform extends CSIRO's Spark wildfire simulation framework to
a research-grade system that is freely accessible to the scientific community.

Spark Research includes regional templates for Australia, the United States, and
Africa, enabling rapid setup of simulations across diverse landscapes and climatic
regimes. Users can define custom fire rate-of-spread models, and can upload or
reference custom datasets, such as high-resolution fuels, weather, and remote-
sensing products, to assess their impact on fire spread and behaviour.

Recent developments include a comprehensive web API, which enables
programmatic access to the platform for batch simulations and workflow
automation, facilitating model calibration, uncertainty analysis, or data assimilation
pipelines. Future developments will incorporate preliminary data streams from the
FireSat mission, enabling near-real-time evaluation of fire detection and rate-of-
spread correction methods within a research context.
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By combining operational realism with research flexibility, the Spark Research
Platform provides a bridge between fundamental wildfire science and applied
hazard forecasting. It aims to foster collaboration across agencies, academia, and
industry, supporting the next generation of fire modelling, and early-warning
capabilities at continental scale.

We will present information on the Spark Research Platform, including technical
details, how to access and use the platform, and recent use cases.

Development of an Enhanced Fire Package for Bushfire Behaviour Monitoring
Presenter: Waseem Hittini, The University of Melbourne

Accurate quantification of heat fluxes is essential to enhance our understanding of
fire behaviour, its effects, and the development of effective fire management
strategies. Currently, many studies rely on simplified metrics that are estimated
after the fire has occurred, making them poor indicators of the actual heat fluxes
emitted during the burning stage. This project aims to improve the robustness and
capabilities of an earlier custom-developed fire package for fire behaviour
monitoring to better characterise wildfire properties at the field scale and in real
time. These improvements include upgrades to the wind velocity and heat flux
sensors, and the data logger.

The upgraded fire package was developed to measure temperature, and radiative
and convective heat fluxes within fires. The fire package consists of a thermally
insulated steel enclosure containing a data acquisition system and externally
mounted sensors. The thickness of the thermal insulator was increased to 40 mm
to better protect the equipment in high-intensity fires. The data acquisition system
was specifically designed and fabricated, comprising a data logger and a portable
power supply.

The data logger was upgraded to record data from eight K-type thermocouples and
three differential-pressure disc anemometers at 10 Hz, instead of 1 Hz. Radiative
heat flux was measured using thin-skin calorimeters oriented in four directions.
High-density calcium silicate was used instead of vermiculite to enhance the rigidity
of the sensor. The upgraded calorimeters were calibrated in front of a radiative
heat flux panel using a water-cooled reference sensor. The three-dimensional flow
velocity was measured using newly designed three disk-style anemometric probes.
In the calibration experiments, the probes were mounted on a rotation platform in
a wind tunnel, providing a well-controlled and repeatable flow field representative
of wildfire conditions. The size, and shape of the probs were updated to enhance
their aerodynamic characteristic, enabling more pronounced variation in the sensor
signal with the wind angle. The multiple upgrades enhanced the accuracy,
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reliability, and frequency of the data collected using the enhanced version of the
fire package.

Simulating fire management for long-term ecosystem resilience

Presenter: Amy Smith, The University of Melbourne

Co-authors: Jenny Huang (jenny.huang@deeca.vic.gov.au, Fire Ecologist, Department of
Energy, Environment and Climate Action (DEECA))

Wildfires play an important role in shaping flammable ecosystems around the
world, however rapid changes to the fire regime threaten ecosystem function and
resilience. Climatic changes are predicted to increase the severity and extent of
wildfires, increasing the risk to social and ecological values. Globally, fire
management generally focuses on the protection of life and property, while
maintaining environmental values are often a secondary objective. As the result,
the feasibility and effectiveness of fire management for ecological values are largely
understudied. In this project, we used expert elicitation with land managers to
design a set of fire management scenarios aimed at mitigating the effects of
wildfire on ecological values. We used fire simulation modelling and future climate
models in five Victorian landscapes to investigate the effects of these management
scenarios over 75 years and compared the results. Fire simulation modelling was
done in Fire Regime Operations and Simulations Tool (FROST), a fire regime
simulator which combines weather, ignition and fuel models with fire behaviour
models from PHOENIX RapidFire. Results were analysed in Fire Analysis Module for
Ecological values (FAME), to evaluate the impact of fire management on three
metrics of ecosystem resilience. The management scenarios changed the spatial
and temporal distribution of wildfire in the landscape. They also shifted the
distribution of post-fire age classes and tolerable fire intervals in native vegetation,
as well as the availability of suitable habitat for animal species. Overall, no one
scenario emerged as the best across all landscapes for both ecosystem resilience
and risk reduction to life and property. This research gives Victorian wildfire
management agencies improved information to strategically plan wildfire
management for ecological values and long-term ecosystem resilience.

Supporting transboundary prevention planning in southern Europe through
wildfire probabilistic simul

Presenter: Laura Alonso, Escola de Enxefiaria Forestal, Universidade de Vigo

In the context of increasingly extreme wildfire events, European countries are
facing multiple cross-border wildfires that demand coordinated efforts in both
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suppression and prevention. However, current fire management strategies often
lack a transboundary perspective, particularly in the design of prevention
measures. To enhance cross-border collaboration, it is essential to provide
stakeholders with tools that support the prioritization of prevention actions,
especially in regions with limited wildfire history, where empirical knowledge is
scarce. In this study, we developed a fire probability map using the probabilistic
wildfire simulation Flammap tool in a cross-border region covering areas between
Portugal, Spain, and France (310562 km?). The input fuels were derived from an
existing satellite-based Pan-European fuel map. Fire ignitions were systematically
distributed on a grid with 5000 m spacing, ensuring that every pixel in the
landscape had the potential to burn, even in areas with scarce past wildfire
occurrences. Eight different wind directions were simulated with constant
meteorological data. A total of 124816 fires were simulated across the study area.
The obtained results were aggregated, allowing them to be used to produce
spatially explicit estimates of the probability of forest fires. The results allow us to
identify spatial patterns of high probability associated even with areas where
wildfire has not been a risk in the past. The resulting maps would serve as a base
for more detailed local-scale analyses using higher-resolution input data. These
maps can support transboundary collaboration by helping stakeholders identify
and coordinate prevention actions, even in data-poor regions lacking a history of
past fires.

ACCESS-Fire for fire case studies
Presenter: Harvey Ye, Bureau of Meteorology

The coupled fire-atmosphere model ACCESS-Fire has proved to be a powerful tool
in the study of extreme fire behaviour that is frequently linked to dynamic
interactions between the fire and its surrounding atmosphere. The model has been
successful in resolving some key processes that contribute to extreme fire
behaviour, including pyroCb development, entrainment from low level jets, sea
breeze convergence, fire generated vortices, fire coalescence, and plume updraft
structure. This makes the model a particularly useful tool in fire case studies. This
presentation will highlight the value in using ACCESS-Fire in case studies and
summarise some of the latest model developments. It will include discussion on the
strong/weak points of some fire simulators that are in use in Australia. It will also
describe how ACCESS-Fire can borrow some features from another fire simulator
and resolve some complex fire behaviour. ACCESS-Fire is an integral part of the
Natural Hazard Research Australia (NHRA) Fire Case Studies project. Our post-event
coupled simulations, conducted at high temporal and spatial resolution consistently
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resolve intriguing dynamical processes that influence fire behaviour, and are
consistent with fireground observations. The case study framework delivers a
capability through which effective and timely learnings can be identified and shared
after a high impact weather event.

Conflagration or conflation: How might we define our needs for assessing
bushfire risk?
Presenter: Amber Eutsler, Country Fire Authority (CFA)

In Southeastern Australia, land managers and legislated authorities must plan for
bushfires, which includes consideration of prevention, readiness, response and
recovery for near future events (e.g., managing fuel hazard risk) and potential
impacts on a longer temporal scale (e.g., settlement planning). The diversity of the
physical landscape (vegetation, topography, land use), people (density, vulnerability,
politics), and their values (asset protection, biodiversity, ecosystem services) mean
objectives and methods for their achievement are equally diverse. The need for
improved insight has begun to be addressed by the creation of strategic risk
products; however, despite the available range, it can be difficult to determine
whether they are fit for purpose. As a fire agency, Country Fire Authority is often
supplied products to evaluate, trial or modify. Increasingly, these products are
available through simulation systems, each with respective assumptions, limitations
and scenarios. In some cases, products fall short of addressing end-user needs;
conversely, end-user needs are not always clear. Furthermore, contradictory
outputs have been observed from products designed for similar data visualisation,
and models that have high analytical statistical significance may still not meet
operational thresholds relating to reliability, risk tolerance or ability to capture
specific circumstances related to decision thresholds. In undertaking this process,
we have identified factors that should be considered prior to product
operationalisation, including: 1) Performance needs to be tested and benchmarked
to ensure outputs align with reality. 2) Underlying data sources must align with end-
users’ systems and be at scales that assure reproducible outputs. 3) Transparency
and open access should be prioritised to avoid black box models and proprietary
software. 4) Assumptions, methods and data sources should be clearly
documented and available. 5) Scenarios should align with policy and end-user
needs. 6) End-user-specified scenarios should be consistent across
tenures/jurisdictions. 7) Opportunities for co-design should be prioritised. The
diversity of fire planning objectives means that no one product is likely to be fit for
purpose. However, establishing processes for co-designed, transparent products
helps ensure needs of disparate end-users are documented, considered and
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addressed, and improves the likelihood developed tools will be integrated into end-
user processes.

Fuel load influences fire suppression difficulty findings of a combustion wind
tunnel experiment
Presenter: Matt Plucinski, CSIRO

Suppression and fuel management are two of the most important fire management
activities. There is little empirical evidence linking these activities, including the
influence that fuel management has on suppression difficulty, which are very
difficult to measure in the field.

A series of experimental fires investigating the links between fuel load and
suppression difficulty was undertaken in the controlled and repeatable conditions
of a large combustion wind tunnel (the CSIRO Pyrotron) using an established
methodology developed for comparative testing of suppressants and retardants.
This methodology determines the minimum quantity of a suppressant, in this case
water, required to stop a fires burning in standard conditions.

Twenty experimental fires were conducted in dry eucalypt forest litter beds (1.5 m
wide by 3.5 m long) arranged at four different fuel loads from 0.75 to 1.5 kg m-1,
with five replicates of each. The moisture content of the litter was prepared at 5-
7.5%, while the air speed was set to 1.0 m s-1. A bespoke suppressant application
system sprayed water at a known flow rate across the head of each fire from 1.5 m
above. This was activated manually with water delivered in short, repeated bursts
so that only just enough to halt fire spread and extinguish flaming combustion was
applied. The total mass of water used was recorded and compared against various
metrics of fire behaviour for each fuel load.

A clear positive relationship was found between the amount of fuel consumed and
the amount of water required to stop the spread of a fire in that fuel. Average
amounts of water required were 83 g, 129 g, 201 g, and 226 g for 0.75, 1.0, 1.25 and
1.5 kg m-1 fuel loads respectively. This highlights one of the benefits of fuel
management actions such as hazard reduction burning to reduce fuel loads in
bushland, in that suppression is demonstrably less difficult in less fuel.

Reframing how to connect with the community: Engagement through
community based bushfire management

Presenter: Damon Mudge, Country Fire Authority (CFA)

Within the Community Based Bushfire Management (CBBM) framework of Victoria’s
Safer Together program, the question of how to connect with the community has
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become increasingly critical in an era of escalating bushfire risk and complex social
change. However, the CBBM approach suggests a necessary shift in focus—from
the external act of connecting with communities, to the internal understanding of
how communities connect.

This reframing recognises that resilience and risk reduction are most effective when
grounded in the lived experience, values, and existing social structures of local
people. Connection, in this sense, is not something established by agencies, but
something revealed through respectful listening, trust-building, and collaboration.
CBBM facilitators play a key role in this process, working alongside communities to
understand their own networks, strengths, and capacities before introducing
external tools or frameworks.

Drawing on the CBBM principles of inclusivity, transparency, flexibility, respect, and
evidence-informed practice, this presentation examines how facilitation that is
community-centred and place-based can foster shared responsibility and enduring
resilience. The facilitator acts not as an expert but as an enabler—amplifying local
voices, bridging communication between agencies and residents, and fostering
two-way learning environments.

Through examples from the CBBM program, this presentation will explore how
trust and connection evolve over time, how facilitators can support communities to
articulate their priorities, and how genuine partnerships emerge when agency and
community knowledge are equally valued. The discussion highlights the importance
of values-centred and strengths-based engagement, where facilitators advocate
both for community aspirations and for the integrity of agency expertise, creating
positive feedback loops that sustain collaboration.

Ultimately, shifting the focus to how the community connects acknowledges that
lasting resilience depends on community self-organisation and collective agency. By
embedding the CBBM principles into everyday practice, we move closer to a model
of engagement where connection is not imposed upon communities, but grows
from within them.

Upscaling plot-based estimates of fuel structure to the burn scale using
remote sensing

Presenter: Luke Wallace, Sam Hillman, Thomas Gooch, Department of Energy,
Environment and Climate Action

Co-authors: Thomas Gooch

Understanding the distribution of fuel hazard across a landscape provides valuable
information to support bushfire risk management. Current mapping approaches
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rely on plot-level observations using a mix of quantitative and qualitative methods
(e.g. terrestrial remote sensing, in situ measurements, and visual assessments).
While these provide valuable site-based insights, achieving a continuous
understanding of fuel structure across an entire landscape remains a key goal for
effective management. Synoptic-scale remote sensing can provide broader
coverage but often lacks the spatial or temporal resolution required for detailed
hazard mapping.

A promising solution is to upscale plot-based observations. Previous studies have
demonstrated potential in upscaling both visually assessed (McColl-Gausden et al.
2023) and TLS-derived (Taneja et al. 2023) fuel hazard data. However, visual
assessments often suffer from low precision. This study addresses these limitations
by utilising TLS data to provide accurate ground truth information and exploring
the integration of time-series remote sensing data to capture temporal changes in
fuel hazard.

Approximately 500 TLS plots were processed to produce estimates of fuel cover
and height across canopy, elevated, and near-surface strata. A machine learning
workflow was developed using predictor variables from both previous studies and
additional metrics derived from Sentinel-2A imagery accessed through the Digital
Earth Australia data cube. Vegetation indices were summarised at two temporal
scales: a short-term (3-month) period prior to TLS capture to reflect fuel condition
at measurement time, and a long-term (3-year) period to represent broader growth
and water availability. The final random forest model demonstrated strong (OOB R2
> 0.6) explanatory power for near-surface fuel height and cover, but weaker
performance for elevated fuel height (OOB R2 0.4-0.5). Never the less, these results
highlight promise for the use of TLS data in improving the accuracy of upscaling
models of fuel structure metrics across Victoria, Australia.

Causes of variation of camera-based smoke detection efficacy
Presenter: Nicholas Wilson, Australian National University

Tower mounted cameras are an increasingly common technology used for
detecting new unplanned fires. The cameras can operate continuously by detecting
smoke with Al smoke recognition models. Despite the increasing prevalence of this
technology, there is little transparent information on their efficacy in an operational
environment. This information is not only important for decision making around
the deployment of this technology but it can also play a role in the ongoing
technological development. To understand the causes of variation in camera smoke
detection efficacy, we used a combination of tower mounted and tripod mounted
cameras to record videos of smoke produced by planned burns with precisely
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known ignition times and locations. Some burns were observed from multiple
positions, resulting in 84 observations from over 30 fires. We used information
pertaining to the camera position relative to the fire as well as fuel and weather
conditions to explain variation in the time to detection after ignition. Most fires
were detected approximately 30 minutes after ignition, but some took over an
hour. Time to detection generally increased with camera distance from the fire.
However, weather conditions such as atmospheric moisture and atmospheric
stability caused substantial variation in time to detection. We will discuss how these
results can be used to inform the deployment of tower mounted cameras alongside
other complimentary fire detection technologies.

Numerical study of wildfire propagation in discontinuous forests under
variable conditions using FDS

Presenter: Kyeongnam Kwon, Seong-kyun Im, Korea University

As wildfire risks continue to escalate, many studies have examined wildfire
behavior in natural forests; however, research on artificially modified forests
remains limited. This study numerically investigates wildfire propagation in a
discontinuous forest where portions of fuel are removed. Simulations were
conducted on flat terrain with trees arranged in a staggered pattern. Fuel density
was controlled by tree spacing, while gap distance and wind velocity were varied
systematically. Results show that the critical wind speed required for flame
propagation increases with gap distance. Although higher fuel density generally
lowers the critical wind speed, the relationship between flow conditions and tree
density is not monotonic, indicating the existence of an optimal propagation
condition. This behavior is attributed to competing effects: flame suppression due
to oxygen limitation at high bulk fuel density and enhanced ventilation by gaps
under high-intensity fire conditions. These findings provide useful insights for forest
management, particularly in designing firebreaks and buffer zones to limit wildfire
spread. However, this study is limited to a single tree species and flat terrain.
Future work should consider diverse fuel types and complex topography to
improve applicability.

Effects of Frequent High-Severity Fires on Chir Pine and Eucalypt Forests
Presenter: Vijay Kumar, Hawkesbury Institute for the Environment WSU

Many forests that experience frequent fire events exhibit several fire-adaptive traits
that enable mature trees to withstand low-intensity surface fires. However, climate
change is contributing to an increased occurrence of high-severity forest fires. This
research examines the effects of changing fire regimes on chir pine and eucalypt
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forests. Chir pine (Pinus roxburghii) is a widely distributed coniferous species in the
fire-prone landscapes of the Western Himalayas, where it holds significant
ecological and economic importance. Although P. roxburghii demonstrates
resistance to low-intensity fires, the growing prevalence of high-severity events
poses potential threats to its long-term survival. To investigate this, we examined
the persistence of two chir pine forest types, the Upper and Lower Himalayan chir
pine forests, exposed to varying fire regimes characterised by different
combinations of frequency and severity, namely high-frequency high-severity, high-
frequency low-severity, low-frequency high-severity, and low-frequency low-severity
regimes. We assessed tree mortality and seedling recruitment to evaluate the
resilience of chir pine forest communities under varying fire regimes. Mortality was
quantified using a binomial generalized linear model (GLM), which revealed
significantly higher tree mortality under high-frequency high-severity regime (31.43
- 38.74%) across both forest types compared to other fire regime classes. Diameter-
class distributions showed that fire regimes strongly influence stand structure in
chir pine forests. High-severity fires, especially when frequent, resulted in greater
mortality of small and mid-sized trees (10-30 cm DBH), while low-severity regimes
maintained balanced, mid-sized cohorts with minimal tree mortality. Seedling
recruitment was greater following high frequency high severity fire. These findings
suggest that increasing fire frequency and severity intensifies tree mortality and
alters stand structure, potentially reducing the long-term resistance capacity of chir
pine forests under future warming and changing fire regimes. On-going research is
further focused on examining the effects of the timing and frequency of high
severity fires on eucalypt forests in eastern Australia.

Quantifying invasive plant flammability
Presenter: Bree Iredale, The University of Melbourne

Invasive plant species that become established in natural vegetation communities
can create altered plant assemblages. By changing community composition and
structure invasive species directly influence community flammability, fuel loads,
fuel arrangement and fire behaviour. While all plant species contribute to the fuel
load, structure and flammability of a community, it is largely invasive species that
are able to alter broad fuel structures and fire behaviour significantly enough to
shift fire regimes. With plant invasions and wildfire events increasing in magnitude
across the globe it is imperative we understand the flammability of invasive species
to be able to predict impacts they may have on future fire regimes.

To contribute to a broader range of knowledge of invasive plant species-specific
flammability we performed branch-scale flammability tests in a fire laboratory to
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quantify the flammability of the invasive plant, blackberry (<em>Rubus
fruticosis</em> agg.). We measured blackberry flammability using four flammability
attributes: ignitability, combustibility, sustainability and consumability. We had a
100% ignition success rate with all sixty blackberry samples igniting. We also
demonstrated that dead blackberry was consistently more flammable than live
blackberry across all flammability attributes. Live and dead blackberry samples with
fallen material from canopy trees (liter) suspended within them were also more
ignitable, combustible and consumable than blackberry samples without
suspended material. Suspended litter also increased the sustainability of live
blackberry yet decreased the sustainability of dead blackberry.

The need to quantify the flammability of a broader range of invasive plant species
remains important to establish the impact plant invasions have on fuel load, fuel
structure, flammability and fire behaviour in invaded vegetation communities. It is
particularly important to identify invasive plant species capable of altering natural
fire regimes so appropriate management actions can be implemented to prevent
natural systems transitioning to irreversible invader-dominated alternate states.

Role of topography in evolution of ridgeline fire
Presenter: Chantelle Blachut, Jason Sharples, UNSW Canberra

Complex topography has the potential to significantly impact the development of
bushfires, especially in the vicinity of ridgelines. It is there that processes, such as
Vorticity-driven Lateral Spread (VLS) can exhibit unexpected characteristics that
may be difficult to predict, particularly within a quasi-steady fire spread modelling
paradigm. VLS describes a process whereby such fires spread rapidly across steep
leeward-facing slopes in a direction near-perpendicular to ambient winds that cross
the ridgeline at a sufficient speed. The development of this process is highly
dependent on the direction from which those winds are emanating, as well as the
steepness of the leeward-facing slope. Here we discuss ongoing work towards
understanding the impact of topography on bushfire escalation in the vicinity of
ridgelines in both real and idealised settings using a coupled fire atmosphere
model (WRF-SFire).

DBI - A new long-term forecast methodology for bushfire severity
Presenter: David Dennison, UNSW Bushfire

A new long-range forecasting methodology is proposed to predict the severity of
bushfire seasons for NSW (Dividing Range and Coastal areas), the ACT and Victoria.

131



The Dennison Bushfire Index (DBI) uses the author’s identified correlation between
antecedent rainfall and drought conditions (long-term and flash) with the area
burnt during the upcoming bushfire season. The DBI correlation has been observed
at multiple sites across NSW and the ACT. More recently attention has turned to
Victoria as well as an indicator for grassland areas in NSW, ACT and Victoria.
Furthermore, a proprietary methodology has been devised to provide a 7-11 month
forward prediction of bushfire severity. There are now four years’ worth of long-
term forecasts and actuals to share for NSW. The relationship between antecedent
rainfall and bushfire severity was first noted in the Wollombi Valley, Lower Hunter.
To verify this early work the DBI concept was subsequently tested using rainfall
data from the Observatory Hill weather station, Sydney, which provided a much
longer and higher quality dataset. Bushfire data was sourced form the NSW Govt.
The DBI correlation results were compared against standard climate drivers
including ENSO and the Indian Ocean Dipole. The DBI appears to provide a stronger
correlation and is perceived to be a proxy for fuel and soil moisture, and fuel
availability. The DBI is likely relevant for specific regions that share a similar rainfall
pattern. As you move further west and inland from the eastern seaboard the DBI
appears to breakdown. Work is ongoing as part of my PhD with UNSW Bushfire to
define a similar and relevant indicator for this region.

High-Resolution Fuel Moisture Intelligence for Smarter Fire Management
Presenter: Marta Yebra, Australian National University

Fire and land managers require near-real-time information on vegetation dryness,
commonly expressed as Live Fuel Moisture Content (LFMC), to anticipate ignition
and fire spread at landscape scales. However, existing LFMC products and proxies
for Australia often lack the spatial resolution needed for operational fire
management. We developed a high-resolution (20 m) LFMC product using Sentinel-
2 surface reflectance and machine learning to emulate the MODIS-based Australian
Flammability Monitoring System (AFMS). A Random Forest Regressor trained with
ten spectral bands and vegetation indices (NDVI, NDII) from Digital Earth Australia’s
NBART archive was optimized through successive-halving hyperparameter tuning.
Model performance was evaluated against AFMS outputs and ground observations
from Globe-LFMC 2.0 (2015-2022). The model showed strong agreement with AFMS
estimates (RMSE = 22.9 %, R? = 0.83). Performance varied by vegetation type: grass
(RMSE = 32.5 %, R?2 = 0.87) showed slight underestimation at very high LFMC values
(&gt; 300 %) and overestimation at low values (&lt; 10 %); forest (RMSE = 20.8 %, R?
= 0.43) exhibited moderate agreement; and shrub (RMSE = 10.3 %, R2=0.21) tended
to overestimate higher LFMC values (&gt; 80 %). These differences reflect the LFMC
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range allowed by the MODIS-based algorithm: the wide dynamic range in
grasslands enabled stronger correlations but higher RMSE, while thresholds in the
MODIS product constrained variability in shrub and forest classes. Validation
against in-situ LFMC from Globe-LFMC 2.0 showed variable agreement: grass (R? =
0.87, RMSE = 25.25 %), forest (R? = -0.45, RMSE = 47.30 %), savanna (Rz = -0.15,
RMSE = 23.59 %), and shrub (Rz = 0.06, RMSE = 31.41 %). Negative R? values for
forest and savanna reflect representativeness differences between field samples
and the mixed canopy and understory captured by the Sentinel-2 signal. The
algorithm is now operational at Geoscience Australia, providing near-real-time
information on vegetation dryness to support prescribed burning, cultural fire
practices, and fire-danger assessments. We will present examples demonstrating
its operational applications and discuss future calibration and validation activities.

Fire and fuel treatment interactions of Grampians fire complex 2024/25
Presenter: Merinda Day-Smith, Sam Hillman, Timothy Hunt, Department of Energy,
Environment and Climate Action

Co-authors: Timothy Hunt (timothy.hunt@deeca.vic.gov.au, Grampians Risk Analyst,
DEECA)

Recent fire activity in both fire-adapted landscapes (such as south-eastern and
south-western Australia) and ecosystems not typically shaped by fire (such as the
rainforests of eastern Australia) has underscored the complex social,
environmental, and economic impacts of bushfire. To improve preparedness and
response, land and fire managers are increasingly using fire reconstructions to
understand how climate, vegetation, and fuel management interact to influence fire
behaviour. This study presents findings from a project investigating how fuel
treatments influenced fire spread, intensity, and operations in the Gariwerd,
Grampians fire complex which started in December 2024 in Western Victoria. Fire
progression was reconstructed using high-temporal-frequency line-scan data, and
post-fire vegetation structure was assessed through visual surveys and Terrestrial
Laser Scanning (TLS). Three key themes emerged. First, there is a high degree of
complexity in how fuel treatments interact with campaign bushfires. In some cases,
recent fuel treatments (&It;5 years) reduced fire spread and intensity. In other areas
where fire activity was dynamic and pyro-convective the treatment appeared to
have a reduced impact on altering fire intensity. Factors which influence
effectiveness include planned burn intensity and post-burn weather conditions.
Secondly, plots with recent planned burning experienced proportionally lower
severity, with many remaining unburnt during the bushfire. For instance, in dry
eucalypt forests, near-surface vegetation cover and height were higher in
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previously burnt areas compared with untreated sites. Third, fuel treatments
created tactical advantages for both direct and indirect fire suppression operations.
The findings reinforce the value of ongoing fuel management in moderating fire
behaviour and supporting firefighting operations. The study recommends
extending reconstruction analyses over longer periods to capture a larger range of
fuel treatment interactions, as well as a broader climatic and ecological patterns,
enabling continuous learning and refinement of land management strategies.

Building Trust through collaborative engagement - A case of Australian Fire
Danger Rating System co-
Presenter: Prativa Sapkota, Country Fire Authority (CFA)

This paper explores how co-design research can foster trust building in the context
of fire risk communication, using the Australian Fire Danger Rating System (AFDRS)
social research. This research is conducted in the context of limited understanding
of whether, or to what extent, AFDRS has achieved it objective of community safety
since its implementation in 2022, and it adopts a collaborative and co-design
research approach considering the complexity of the AFDRS project, mainly due to
involvement of multiple stakeholders to communicate fire risks to the end users. As
part of the research process, a working group has been formed including different
stakeholders recognizing their roles in fire risks communication. The group meets
every month discussing different aspects of the research. These stakeholders are
the expected beneficiaries/end users of the research, and they have been involved,
in varying degrees, from the start of the research project from the design of the
project plan.

This research is designed and implemented in three different phases, and we
highlight distinct advantages of each phase such as scoping and design, community
research and knowledge translation in trust-building process. Shared legitimacy of
research as founded in the scoping phase, open dialogue and engagement during
community research and shared ownership and continuous learning through the
knowledge translation phase, are some of the examples of co-design research
facilitating a trust building process amongst stakeholders. We also highlight the co-
design research not just as a research method, but as an ongoing relational process
that helps promote inclusivity, reshape power dynamics, and legitimize knowledge
diversity as the common aspects of trust building process across all the phases.
Moreover, we discuss these elements of trust within the broad context of fire-risk
communication, demonstrating how it can increase the credibility and practical
feasibility of the research findings
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Findings from operational testing of Spark fire simulator in Victoria
Presenter: Sam Hillman, Sean Walsh, Department of Energy, Environment and Climate
Action

Accurate and timely fire spread predictions are critical for operational decision-
making, community warnings, and strategic planning activities. The Spark fire
simulator, developed by CSIRO is being tested in Victoria. Relying on the same
underlying models in AFDRS, Victoria has undertaken an extensive testing and
validation program with aim of comparing its predictive performance and
operational usability against reference fire progression data and Phoenix RapidFire
from the 2023/24 and 2024/25 fire seasons in Victoria. Evaluation focused on two
key areas: (1) model accuracy and performance between simulated fire growth and
observed fire behaviour information; and (2) user experience and training needs for
agency personnel. Simulated fire perimeters were compared against detailed
mapped progression data for fires in different EVCs (Heathy woodland, Heathy Dry
Forest, Lowan Sands, Shrubby Dry Forest and Herb Rich Foothill Forest) in the
2023/24 and 2024/25 fire seasons using spatial and temporal error metrics to
quantify performance. A range of simulation configurations were tested to explore
the influence of key parameters and levers available within Spark, including
alternative forest spread models, spotting algorithms, and treatment of landscape
disruptions. Our findings indicate that Spark produces comparable or, in some
cases, more representative fire spread predictions—particularly when input
conditions align closely with the domain of model development (for example, using
the Vesta 2 model in dry eucalypt forest types). However, further validation is
required in environments where fuels and moisture conditions differ substantially,
such as the wetter forests of eastern Victoria, where spread rates were over-
predicted. User experience testing highlighted Spark’s considerable flexibility and
potential for integration but also identified the need for structured training and
local calibration to optimise its use under Victorian conditions. These findings will
inform future decisions on the operational adoption, integration, and co-use of
Spark within Victoria's fire prediction and planning systems.

Linking functional traits to shoot flammability for guiding green firebreak

design in New Caledonia
Presenter: Vaea Lefeuvre, Institut Agronomique néo-calédonien
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Fires pose a major threat to biodiversity and ecosystem services in New Caledonia.
Conventional fire management practices are insufficient to address this threat, and
fire frequency and intensity are expected to increase in response to global change.
The use of green firebreaks represents a promising complementary management
strategy. A key step in their implementation is identifying low-flammability species.
As part of the “Waa torhG Kémoru” project, this study combined traditional plant
knowledge and flammability testing to identify species suitable for green firebreaks.
We assessed shoot flammability—ignitability, sustainability, combustibility, and
consumability—of 54 woody taxa from various New Caledonian ecosystems using a
plant barbecue device. We also examined relationships between 13 plant functional
traits (related to leaves, twigs, and shoot architecture) and flammability.
Flammability varied significantly among species. Some species ignited rapidly and
burned intensely, while others showed low ignitability and slow combustion. Shoot
flammability decreased with increasing leaf moisture content and increased with
leaf dry matter content (LDMC). Given its availability in trait databases and ease of
measurement, LDMC could serve as a proxy for predicting flammability and guiding
species selection for green firebreaks. Ignitability also decreased with shoot bulk
density and increased with twig density, while sustainability was positively
correlated with both. Species such as Fagraea berteroana (Gentianaceae) and
Acropogon bullatus (Malvaceae) exhibited low shoot flammability and appear
promising for green firebreak use. Conversely, Hibiscus tiliaceus (Malvaceae),
traditionally considered a low-flammability species, showed relatively high shoot
flammability. The low flammability of this species may depend on factors operating
at larger spatial scales. Further experiments at individual and population levels are
needed to confirm the suitability of these species for use in green firebreaks.
Overall, our findings enhance understanding of the functional drivers of plant
flammability in tropical island ecosystems and support the development of nature-
based solutions for wildfire management.

Mapping Eucalypt Flammability Using Trait-Based Hyperspectral Models
Presenter: Marta Yebra, Australian National University (ANU)

Quantifying vegetation flammability at landscape scales is critical for understanding
fire behaviour and reducing fire risk to communities, infrastructure, and
environmental values, especially under a changing climate. This study developed an
empirical model linking leaf- and satellite-level spectroscopy with flammability
using plant traits. Three field campaigns were conducted in the Australian Capital
Territory, coinciding with EnNMAP satellite overpasses, where live and dead eucalypt
leaves were collected for assessment. Fuel moisture content (FMC), equivalent
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water thickness (EWT), leaf mass per area (LMA), carbon (C), and cellulose were
measured as plant traits, and combustion experiments were performed in the
laboratory. Spectral data were convolved to EnMAP, and all possible two-band
combinations were used to compute spectral indices. The best plant trait indices
were selected based on their predictive power against measured trait values. These
indices were then used as predictors in flammability models. The rate of
temperature increase (RTI), a combustibility metric, was the best-performing
response variable. Among the tested predictors, FMC, LMA, and cellulose explained
most of the variability in RTI (R2 = 0.72, RMSE = 31.5 °C s7), showing high stability
under Monte Carlo error propagation (+8.5% relative uncertainty). The resulting
model was transferred to ENMAP hyperspectral imagery to produce spatially
explicit maps of combustibility. This work demonstrates the feasibility of integrating
leaf-level spectroscopy, plant traits, and combustion metrics to derive flammability
maps from hyperspectral data. Although limited by a small dataset and bench-scale
experiments, the approach provides a proof of concept for scaling trait-based
flammability predictions to satellite observations. Future research should expand
temporal and spatial coverage and incorporate additional traits to refine
predictions. This approach could support mechanistic, spatially resolved
assessments of fuel behaviour for fire management and ecosystem resilience
planning.

Using hyperspectral imaging spectroscopy to link bushfire fuel combustibility,
emission factors, bio
Presenter: Marta Yebra, Australian National University (ANU)

A joint pilot study conducted by the Australian National University and CSIRO,
evaluated an innovative method to integrate hyperspectral images with fire
behaviour experiments. This approach aimed to link spectral data with key
biochemical compounds to enhance understanding of bushfire behaviour and
greenhouse gas emissions for improved fire management activities. Pre- and post-
fire hyperspectral images covering a 400-2500 nm range were captured during 26
fire trials, alongside biochemical samples of pigments, Carbon, cellulose, and total
area. The experiments included three fuel types: eucalypt canopy branchlets,
eucalypt litter, and annual ryegrass, and two treatments for each fuel type (i.e. high
and low combustibility). Carbon content showed significant differences across fuel
types and treatments, while cellulose content differed significantly between fuel
types but not between treatments. Pigments shower little biochemical differences
in biochemistry between the high and low combustibility treatments in the dead
fuels (Litter and Grass). Pigments of eucalypt canopy fuels showed larger, but non-
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significant biochemical differences between treatments, likely due to desiccation.
The three fuel types have different spectral signatures with specific features in the
Near Infrared (NIR, 700-1,000 nm) and Shortwave Infrared (SWIR,1,000-2,500 nm)
regions of the spectrum. In the case of canopy fuels, the spectral signatures of the
high and low combustibility treatments is similar in the visible range (400-700 nm)
but can be separated especially in the NIR and SWIR regions. In conjunction, the
methods used here represent an important advance in the assessment of burn
severity by quantifying the relationship between the spectra of vegetation fuels,
their biochemistry, and fire behaviour, moving beyond the qualitative estimations
typically employed in satellite remote sensing. Current methods often assess burn
severity based only on differences between burned and unburned pixels, without
systematically quantifying pre-burn fuel states or measuring post-burn conditions.
The data collected for this experiment will be analysed further and has the
potential to 1) inform fire behaviour assessments, 2) support the development of
novel satellite-derived products, and 3) support and inform future satellite missions
that enhance wildfire management strategies.

Spatio-temporal modelling of ignitions in south-eastern Australia
Presenter: Brett Cirulis, The University of Melbourne

Prediction of ignitions and subsequent fire development is critical for strategic and
operational wildfire management. Many ignition models rely on the Forest Fire
Danger Index (FFDI), which integrates temperature, humidity, wind, and drought
factor. However, FFDI depends on antecedent rainfall and accumulated drought
components that are difficult to forecast accurately, limiting its use for short-term
prediction. Here we develop spatially explicit probabilistic models of ignition and
significant-fire potential across south-eastern Australia. Environmental and
anthropogenic variables such as elevation, slope, distance to roads, and population
density were combined with fine-scale meteorological predictors to represent local
ignition conditions. Two alternative frameworks were tested: one using traditional
FFDI inputs, and another driven by in-forest vapour pressure deficit (VPD) estimated
from a micro-meteorological model. The VPD model resolves atmospheric moisture
demand within vegetation canopies by downscaling temperature and relative
humidity using forest structure and topography. Unlike FFDI, VPD can be directly
forecast from core meteorological variables without requiring rainfall or drought
factor inputs. This makes it particularly suited for high-resolution, near-real-time
ignition forecasting. VPD-based models captured ignition likelihood and
subsequent spread potential more effectively and provided more physically
interpretable responses. The approach demonstrates that combining in-forest VPD
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with spatial landscape features provides a robust and operationally forecastable
foundation for probabilistic ignition modelling and early-warning applications.

Evaluating and optimizing prescribed fire allocation in a fire-prone
mountainous region
Presenter: Laura Alonso, Escola de Enxefiaria Forestal, Universidade de Vigo

Prescribed burning (Rx) is a key tool for mitigating the impacts of extreme wildfires.
However, designing the spatial allocation of Rx treatments is complex, as it must
balance multiple objectives and stakeholder interests. Despite the availability of
spatial optimization tools, their application in Europe remains limited, and Rx
planning often relies primarily on expert criteria. In this study, we evaluate the
current Rx allocation strategy (BAU) in a mountainous area of Portugal with respect
to wildfire risk reduction. We compare its effectiveness to that of spatially optimized
Rx treatments generated using the FlamMap treatment optimization tool. Two
different strategies for selecting ignition point locations were tested. Additionally,
we assessed the effectiveness of conducting Rx treatments in both shrublands and
pine stands, as opposed to the current practice of treating only shrublands.
Optimization reduces the wildfire risk indicators with respect to BAU; burned area
up to -39%, fireline intensity up to -53%, burn probability up to -50%, and the area
subjected to flame lengths above 3.5 m up to -3.1%. Higher values of these
indicators are obtained when the ignition points used for optimization are
systematically distributed across the study area. Furthermore, under certain wind
conditions, applying Rx in both shrublands and pine stands proves more effective
than limiting treatments to shrublands alone. These findings suggest that the
current Rx strategy in the study area could be enhancedusing spatial optimization
tools and broader treatment coverage.

Transforming Fire Incident Management Training Through Immersive, Al-
Enabled Digital Simulation
Presenter: Connor Kneebone, Tim Hobbs, Capital Shield

Reducing the social, economic and environmental costs of wildfires is heavily
dependent on the ability of Incident Management Teams (IMTs) to exercise effective
command and control. Team dynamics, as much as the skill of individuals in that
team, shape this outcome in complex ways. Exercising is an essential element of
building this capability, but in most cases has not evolved to take advantage of the
new technologies available to create immersive and realistic training environments.
<br><br>Capital Shield, a Canberra-based company, has developed a world-first
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approach to crisis management training that has been translated to fit the world of
fire response. Built on their crisis simulation software Foresight, Capital Shield
offers fire agencies and community organisations a unique training environment
designed to develop IMTs and expose early and mid-career professionals to the
demands of complex decision making under pressure. During simulations,
participants receive data from ground and air resources, live media feeds and
simulated stakeholders, alongside background data about weather, terrain,
community sentiment, available resources, and political context to create a truly
holistic experience. Foresight encourages participants to think beyond the purely
technical response. They're required to not only develop suppression strategies but
also manage community safety, public messaging and inter-agency coordination.
Integration of Al enhances this experience and allows the simulation to respond in
real time to IMT decision making. <br><br>In this presentation, we demonstrate the
next generation of Incident Management leadership training that Capital Shield is
offering to fire agencies and other sectors in emergency management, including in
flood, biosecurity and public health. With an approach that can also integrate with
existing agency modelling systems and response doctrine, Foresight provides both
the necessary realism and immersion for effective modern exercising. Importantly,
the learning outcomes of each simulation can be shaped to agency needs through a
co-design process. Participants can review their approach to team building,
collaboration and clarity of decision making in real time, and take this experience
into the increasingly demanding world of fire response. Capital Shield doesn't only
build participant skills, it builds their resilience in the face of complexity.

Beyond Burn Objectives: Bridging Remote Sensing and Narrative Ecology in
Prescribed Fire Monitoring

Presenter: Noah Hellmund, Rob Lionberger, WA Dept. Natural Resources, Wildfire
Division

At the heart of our ongoing project is a guiding question: how can we efficiently
capture multidisciplinary data that meets the needs of community members,
agency managers, and policymakers alike? Photo-narrative tools offer a powerful
way to communicate the ecological and social benefits of prescribed fire, helping
stakeholders see beyond metrics to the lived landscape impacts. By combining
guantitative remote sensing analysis with narrative ecology, we lay the foundation
for long-term evaluation of treatment success and create actionable, story-
informed data that supports proactive fire management in a changing climate.
Prescribed fire monitoring has long relied on labor-intensive fuel plots and
narrowly focused metrics. In this work, we introduce a novel, scalable approach
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that integrates high-resolution remote sensing with ground-based photo-narratives
to tell a more comprehensive story of fire-adapted landscapes. Collaborating with
wildland fire managers and prescribed fire practitioners across Washington State
(USA), we pair high resolution 3-meter satellite imagery with ground-based
pre/post-burn photo plots. Utilizing a simple meter-board in our ground plots we
are able to both calculate biomass and visualize fine-scale burn structure. With this
approach the high resolution satellite imagery captures the change in vegetation
characteristics including unburned refugia, and quantifies treatment outcomes. Our
approach bridges the gap between traditional monitoring and qualitative,
observation-based storytelling — making visible the patterns of completed
treatments across ownerships and sparking dialogue around collaborative, cross-
boundary fire stewardship.

Understanding Decking Ignition by Firebrand Piles for WUI Risk Mitigation
Presenter: Mohamed Mohamed, The University of Melbourne

Decking assemblies are among the most vulnerable structural components during
wildland-urban interface (WUI) fires, particularly due to firebrand-pile
accumulation. This study examined the combustion behaviour of large-scale
decking assemblies—pressure-treated wood (PTW) and wood-polymer composite
(WPC)—exposed to firebrand piles (8-grams; 10x5x2 cm3). Experiments simulated
realistic WUI conditions under different wind speeds (1.4 or 2.7 m s-1), moisture
contents (MC: PTW 7% and 23%; WPC &lt;1%), firebrand-pile orientations (parallel or
perpendicular to wind), and external radiant heat flux (HF: 0 or 6 kW m-2). Under
firebrand-pile exposure alone, WPC exhibited significantly lower burning intensity
than PTW. High-wind strongly influenced PTW by elevating mass loss rate (MLR),
burn-through, and back-surface flaming (BSF). Reduced MC exhibited lower impact
but elevated back-surface temperatures. Firebrand-pile orientation showed
smallest influence: 90° piles increased burn-through and total MLR, whereas 0°
piles enhanced BSF and post burn-through MLR. Image processing analysis
revealed strong coupling between back-surface cavity area and MLR. Applying HF
markedly intensified combustion. HF was the main driver of front-surface ignition,
longitudinal flame spread, and lateral propagation, which were absent without it.
Moreover, HF increased PTW burn-through by 25%. It also elevated WPC
vulnerability, causing surface melting and occasional structural collapse. PTW
showed rapid localized flame spread and frequent propagation to adjacent boards,
while WPC exhibited the highest propagation performance. Mainly, PTW with High-
MC displayed the lowest vulnerability, even below that of WPC. These findings have
clear practical implications. Current building standards may underestimate ignition
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risk by evaluating HF and firebrand-piles separately. For timber, applying fire-
retardant or heat-resistant coatings can delay ignition and limit burning intensity.
While composites resist firebrand-piles exposure, they become vulnerable under
additional HF unless mitigated by thermally stable additives. Design strategies can
focus on optimizing decking chemical composition and managing sub-deck
ventilation to provide practical pathways for enhanced WUI resilience.

Hyperspectral imaging & bushfire fuel, behaviour & emissions: Fuel
preparation & fire behaviour

Presenter: Andrew Sullivan, CSIRO

A pilot study was recently carried out in a joint project between the CSIRO, the ANU
and Geoscience Australia to evaluate an experimental methodology designed to
integrate hyperspectral imaging spectroscopy with laboratory-scale fire behaviour
experiments in the CSIRO Pyrotron combustion wind tunnel, biochemical and
calorimetry measurements of the fuels, and measurements of greenhouse gas and
particulate emissions. In this pilot study three fuel types, representing common
bushfire fuels, were investigated to provide a suitable range of fire behaviour that
would enable robust assessment of the suitability of the methodology to link
measurements of fuel bed spectra with measurements of fire behaviour, emissions,
burn severity and fuel consumption. The fuels studied in the pilot study were: live
dry eucalypt canopy branchlets, dead dry eucalypt surface litter, and annual
ryegrass. The fuels were treated to produce two levels of combustibility (high and
low) to enable a meaningful comparative study of the ability of the various research
components to detect differences in the fuel beds. This was done by manipulating
the moisture content the three fuels, with high combustibility being driven by very
low fuel moisture content and low combustibility driven by high fuel moisture
content. For live canopy fuels, low combustibility was achieved using fuels
harvested less than two hours prior to experimentation and high combustibility
achieved by allowing cut branchlets to dry out for 2-3 days prior to
experimentation. Dead litter and grass fuels were placed in a dehydrating oven for
24 hours at 45 degrees Celsius for the high combustibility treatment, whereas for
the low combustibility treatment these fuels were placed in an environment
chamber at 20-30 degrees Celsius and 70-80% relative humidity for 24-48 hours. A
total of 26 experimental fires, consisting of at least four replicates for each fuel
treatment, were conducted in the Pyrotron under an air speed of 1.0 m/s and rate
of fire spread, flame geometry and combustion efficiency were measured.
Statistically significant differences between both fuel type and combustibility
treatments were found in fuel moisture and rate of spread, providing the robust
basis for assessment of the other components of the project.
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More than risk reduction: the role of extension in promoting diverse visions
for fuel treatment 'success’
Presenter: Sarah Dickson-Hoyle, University of British Columbia

Fuel treatments, involving the removal of live and dead vegetation from forest
stands, are one of many proactive approaches for reducing wildfire risk. In British
Columbia (BC), Canada, ongoing research is evaluating fuel treatment efficacy
(modelled change in fire behaviour post-treatment) and effectiveness (measured
change in fire severity, following wildfire) across a diversity of ecosystems.
However, these biophysical metrics don't necessarily capture the diversity of
wildfire and forest managers' objectives for conducting fuel treatments, or the
different ways in which treatments may contribute to social-ecological resilience to
wildfire. In this presentation we will discuss our collaborative research and
extension work with local and First Nation governed community forests, which aim
to (1) facilitate knowledge sharing among forest managers involved in planning and
implementing fuel treatments, and wildfire managers and firefighters interacting
with fuel treatments during wildfire response; and (2) explore the different
objectives, perceived outcomes, and metrics for success for fuel treatments.
Preliminary findings suggest that Community Forest managers, while prioritizing
hazard reduction in proximity to community values or along evacuation routes,
consider a diversity of social and ecological objectives when designing fuel
treatments, including related to ecosystem and eco-cultural restoration, and view
the planning and implementation of treatments as an effective way to build
relationships with wildfire agencies and social license for further wildfire risk
reduction work. Wildfire agency staff emphasize the need to design and locate fuel
treatments in ways that support operational response and suppression, and/or can
enable future application of prescribed fire. Through this work, we aim to facilitate
conversations and connections to help inform the design and implementation of
locally appropriate and operationally effective fuel treatments.

Topological Data Analysis for Stand Delineation in Aerial Lidar Data
Presenter: Matthew Wozniak, West Virginia University

Fire history shapes the structure and composition of forests, yet quantitative
delineation of stands created through differential burning remains challenging with
conventional airborne lidar (ALS) workflows. Standard methods flatten 3D structure
into 2D surfaces, obscuring canopy connectivity and layering that distinguish
intensely burned from weakly burned stands. We introduce a segmentation-free,
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structure-first workflow that applies topological data analysis (TDA) directly to 3D
ALS point clouds to delineate forest structure resulting from varying fire histories.
Using a sliding-window framework, persistent homology derived Betti curves
quantified how connected components and loop structures emerged and merged
across spatial scales, generating multiscale topological fingerprints of local
structure. These fingerprints were clustered into stand classes and validated
against 200 terrestrial laser scanning (TLS) plots distributed across burn gradients
within the ALS extent. TLS metrics describing canopy volume, gap fraction, and
return density were compared among classes using Kruskal-Wallis and Dunn tests
with false discovery rate correction, while within-class homogeneity was assessed
using the median absolute deviation (MAD) to median ratio. Variables with low
within-class dispersion (MAD/median < 0.2) and large between-class effects (€2 >
0.5) revealed that topological classes corresponded to distinct fire-driven structural
states. Class separation was strongest for whole-plot and canopy-level TLS metrics,
consistent with ALS's upper-canopy bias due to understory occlusion. This approach
demonstrates that topology-based clustering can objectively delineate structural
mosaics produced by differential burning, providing a reproducible, data-driven
basis for mapping fire-maintained forest structure at landscape scales.

Measuring Woody Debris Consumption in Slash Burns with Terrestrial Laser
Scanning
Presenter: Minhas Hussain, University of Melbourne

Woody residues left after clear-felling operations act as volatile surface fuel,
affecting wildfire behaviour, regeneration, and carbon and nutrient cycling. The aim
of this study was to quantify the amount of woody debris consumed during
operational slash burning using terrestrial laser scanning (TLS). The study was
conducted in a clear-felled, dry sclerophyll forest near Hobart, Tasmania. The sites
were scanned from multiple positions immediately before and after burning. We
visually identified woody debris in the point clouds and manually segmented it into
individual logs and estimated the volume using TreeQSM (MATLAB). Individual
woody debris volumes were summed within each subplot to estimate the fuel
volume. Consumption was calculated as the difference between the pre-burn and
post-burn volumes. TLS-based estimates were compared with line-intersect
transects collected in parallel. This study also aimed to provide practical field
considerations, including scanner placement, to limit occlusion in dense piles and
provide a reproducible LiDAR workflow.

144



Optimising fuel treatments to reduce burn probability: navigating context,
priorities and trade-offs
Presenter: Douglas Radford, The University of Adelaide

Prescribed burning and other fuel treatment strategies can moderate the risks that
bushfires pose to our communities’ values. However, decision-makers and
custodians of landscapes must choose where, when and how to use these
strategies to achieve community objectives across a landscape. Given the
complexity of fire systems and the range of values at stake, making these decisions
will often involve balancing trade-offs between different values or objectives (e.g.,
risk-reduction, fuel treatment cost, ecosystem health). Optimisation approaches
can help decision-makers to develop and explore fuel treatment plans that excel at
achieving desired objectives and balancing trade-offs. We demonstrate the
effectiveness of optimisation at exploring novel fuel treatment strategies in a case
study area within the Adelaide Hills of South Australia. The fuel treatment plans
developed using optimisation demonstrated an ability to balance trade-offs
between the objectives explored and were found to be between 80 and 280% more
effective than those developed using existing “rule-of-thumb” approaches. To
achieve this improvement in fuel treatment effectiveness, the optimisation
approach considered many thousands of different possible fuel treatment plans,
and the effect of each plan on reducing modelled burn probability. Exploring this
large number of model evaluations was only made possible by emulating the burn
probability outputs of computationally-expensive fire simulation models using
artificial intelligence-based metamodels. Importantly, the optimisation approach is
extremely flexible and can be adjusted to incorporate a range of objectives that
may be held by communities. We present plans for future work that will enable
optimisation to be used to inform real-world fire management, including plans to
incorporate objectives related to environmental outcomes (e.g., maintaining
tolerable fire intervals). Under future climate conditions where past experience
cannot necessarily be relied upon to inform decision-making, optimisation
approaches offer the potential to support decisions that will protect and enhance
our communities’ values.

Fire regimes and environmental gradients shape wildlife habitats
Presenter: Grace Vielleux, University of Melbourne

Fire physically alters the structural composition of landscapes by consuming

biomass across different strata and creating habitat gaps. The effects of fire on
landscapes are significant to wildlife as habitat structure regulates species' ability to
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find food, shelter and reproduce. The degree to which vegetation is altered
following fire is typically measured along gradients of fire severity, with higher
severity correlated with greater biomass consumption. In addition to fire severity,
habitat structure is powerfully shaped by fire frequency, the timing between fire
returns (inter-fire intervals) and environmental conditions before and after fire.
Much research has focused on how structure changes with time since fire. While
other aspects of the fire regime, especially fire severity, have been poorly studied.
To address this gap, we tested how field measures of canopy and understory cover
respond to fire severity over time. We also examined the interactive effects of inter-
fire interval on key habitat features across multiple forest structures. We also
incorporated site-specific environmental factors such as topographic roughness,
pre- and post-fire drought conditions, and the proportion of obligate seeders to
assess how fire regime effects vary. We collected floristic and structure data from
372 sites across 32 severity-mapped wildfires in southeastern Australia. We used
generalized additive models (GAMs) to examine habitat responses to variation in
fire regime and environmental conditions. The dominant factors that influenced
habitat structure varied among strata layers. These results were broadly consistent
with expectations from vegetation science. Results identify the fire regime and
environmental factors that most strongly shape habitat features critical for both
fire and biodiversity management.

20 Years of SageSTEP: Fuel treatment effectiveness and fire risk reduction in
arid shrublands
Presenter: Lisa Ellsworth, Oregon State University

Increased wildfire size and frequency pose major challenges to arid shrubland
conservation. A common strategy for mitigating fire risk in sagebrush-dominated
ecosystems is to use fuel treatments that alter the amount and structure of
burnable material, reducing fire behavior and creating access points for fire
suppression resources. For fuel treatments to be practical in management,
durability (lasting effectiveness) is critical. However, treatments that modify some
aspect of risk (i.e. surface fire spread), may also impact other ecosystem
components such as native woody recovery, wildlife habitat, and/or ecosystem
resilience, necessitating a need to consider long-term tradeoffs of management
options. We present insights from the Sagebrush Steppe Treatment Evaluation
Project (SageSTEP), a long-term plot and data network that has evaluated
prescribed fire, mechanical, and herbicide treatments and untreated control plots
for 20 years replicated at 20 sites across the Intermountain West, USA. In shrub-
dominated plots, fire and mechanical treatments reduced fuel beds by up to 49%,
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resulting in modeled flame lengths that were significantly lower than untreated
control plots, but in all treatments there was poor shrub recovery and long-term
increases in invasive annual grasses. In sagebrush systems experiencing conifer
expansion, treatments increased surface fire spread by 15-21 times that of
untreated areas due to increased herbaceous fuels. However, treatments also
completely removed the risk of canopy fire spread and facilitated recovery of the
understory native shrubs and grasses that are critical habitat components for avian
species of conservation concern. Treatments intended to reduce wildfire risk are a
critical component of ecosystem management, though we encourage a critical
evaluation of tradeoffs and synergies in conserving arid shrubland ecosystems and
reducing the potential for wildfire.

From structure to flame: short-interval fires reshape fuels and fire behaviour
in temperate forests
Presenter: Aaron Heap, The University of Melbourne

Recent shifts in fire regimes have been linked to altered trajectories of forest
regeneration. When fire return intervals fall below an ecosystem’s ecological
tolerance, post-fire regeneration can produce vegetation differing markedly in
composition, structure, and function from the pre-fire state. The emergence of such
alternative ecosystem states indicates that multiple distinct communities can
persist within the same environmental envelope, driven by changes in disturbance
frequency and intensity.

Despite increasing recognition of these transitions, the consequences for fuel
structure and fire behaviour remain poorly quantified, particularly in Australia’s fire-
tolerant, resprouting Eucalyptus forests.

This study compared fine and coarse fuel structure and loads between forests that
transitioned to an alternative state following short-interval fires and reference
forests that retained their pre-fire composition and structure under tolerable
return intervals in temperate Eucalyptus forests of Wilsons Promontory National
Park, Victoria, Australia. Laboratory experiments replicated firebrand ignition on
reconstructed beds of sampled surface fuels (0.05 m?) to measure ignitability
(probability of sustained ignition), combustibility (flame spread rate), and
sustainability (flame duration), as well as heat output and burnout time of coarse
fuels. Using the AMICIS bushfire simulator based on the Vesta Mk2 model, we
assessed how fuel differences influenced fire behaviour under prescribed burning,
typical wildfire, and extreme wildfire conditions.

Relative to reference forests, alternative states exhibited greater fuel cover and a
deeper vertical profile, though surface and coarse fuel loads did not differ
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significantly. Surface fuels in alternative states were less flammable, with sustained
ignition probability ~39% lower and flame spread ~47% slower, while flame
duration was similar.

A Multi-Asset Bayesian Network Framework for Bushfire Risk Planning
Presenter: Victoria Reynolds, University of Melbourne

Fire risk planning in Australia has traditionally prioritised life and property, while
other critical values - biodiversity, Indigenous cultural heritage, and historic
heritage - remain weakly quantified or absent from operational frameworks. This
gap means trade-offs between asset types occur without transparency, limiting
defensible decision-making. We present a step-change in bushfire risk assessment:
the first operational, multi-asset framework in Australia that quantitatively
integrates environmental, Indigenous, and historic values alongside property risk.
In partnership with the NSW National Parks and Wildlife Service, we redeveloped
the NSW fire risk modelling architecture using Bayesian Networks (BNs) linked to
PHOENIX RapidFire simulations. We replaced the original single-network design,
which treated all asset types uniformly, with three purpose-built BNs reflecting
distinct fire vulnerability profiles for (i) environmental, (ii) Indigenous cultural, and
(iii) historic heritage values. These networks resolve mismatched spatial scales,
explicitly link exposure and vulnerability, and remove ambiguous consequence
structures. Each aligns with ISO 31000 risk principles and delivers probabilistic,
spatially explicit outputs suitable for strategic and operational planning. For
environmental assets, we introduce fire regime suitability using tolerable and inter-
fire interval (TFI/IF]) state transitions to identify ecological collapse risk. The
framework also incorporates functional trait-based BNs for fire response groups,
enabling species-informed prioritisation. For Indigenous cultural assets,
vulnerability logic was derived from AHIMS and DCCEEW cultural science
assessments to represent fire impacts on significant places. For historic heritage,
vulnerability structures were adapted from GML heritage assessments to reflect
material sensitivity to fire. Together, these models provide the first scalable
approach to estimating fire risk across diverse asset types

Smouldering Coarse Woody Debris for Smoke and Carbon Emissions
Predictions

Presenter: Liubov Volkova, The University of Melbourne

One year into my ARC Mid-Career Industry Fellowship, “Smouldering Coarse Woody
Debris (CWD) for Smoke and Carbon Emissions Predictions: Dynamics, Distribution,
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and Combustion Efficiency,” I'd like to share the progress made so far and reflect on
the challenges along the way.

This project has three aims: 1) to develop a continental-scale, consistent, and
updatable spatial map of coarse woody debris (CWD) loads for integration into
Australia’s Air Quality Forecasting system; 2) to improve estimates of CWD
combustion factors, strengthening our capacity to predict smoke and carbon
emissions from smouldering fires; 3) to understand the role of CWD in fire
behaviour.

Over the past year, | have collaborated with numerous agencies and research
partners to compile and harmonise datasets from across the country—an essential
step toward building a unified national database for CWD. My list of collaborators
continues to grow, and | actively welcome new contributions to expand and refine
this resource.

Fieldwork has taken me across the country —Victoria, Tasmania, Queensland,
Western Australia—where I've participated in multiple fire seasons and conducted
extensive on-ground sampling. These campaigns have revealed valuable insights
into regional and even site-level variation in CWD characteristics and combustion
behaviour, highlighting the complexity and diversity of Australia’s fire-prone
landscapes.

The journey has not been without challenges -data standardisation, spatial
resolutions, and reporting formats are just a few to name. Field logistics in remote
and fire-affected areas have tested my endurance and adaptability.

The collaborative nature of this fellowship is already bridging gaps between
research, industry, and policy—laying the groundwork for more accurate smoke
and carbon emission forecasting and more informed fire management strategies
across Australia.

Prioritising hazard reduction burning, and understanding it's limitations
Presenter: Andrew Sturgess, Rodney Anderson, FireSight Pty Ltd

Co-authors: Rodney Anderson (randerson@goldcoast.qld.gov.au, Conservation &
Bushfire Management Planner, City of Gold Coast)

The City of Gold Coast (CoGC) is the second most populous Local Government Area
in Australia. The State’s draft bushfire hazard mapping (2024) indicates that much
of the city contains relatively High hazard or is at risk of ember attack. The City has
over 700 conservation reserves containing bushfire-prone vegetation, spread
across a diverse and highly connected landscape of hazard and multiple land
tenures. Over recent years, FireSight, in a consultancy role with the CoGC, has
worked closely with bushfire planners to assess and quantify bushfire risk, evaluate
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the effectiveness of hazard reduction burns, and develop a prioritisation framework
for mitigation actions.

In this presentation, FireSight, in partnership with the CoGC, will outline a
simulation-based, ensemble approach to bushfire risk assessment and planning.
We will describe the methodology, which involves using a representative, local
weather ensemble derived from the Bureau of Meteorology’'s BARRA re-analysis
dataset, combined with locally verified fuel, fire history, and disruption mapping.
This integrated approach generates comprehensive decision support products that
enable the city to rank, prioritise, and optimize mitigation activities to maximise
return on investment and effectively reduce risk.

This methodology has empowered the CoGC to produce detailed bushfire
consequence outputs and to report on risk reductions in a quantifiable manner.
Additionally, these outputs have provided a deeper understanding of how the City's
Conservation Area Estate contributes to landscape-scale risk. Importantly, we will
demonstrate that this process is transparent, defensible, consistent, and
repeatable—occasionally challenging existing assumptions about mitigation but
ultimately fostering a more comprehensive understanding of bushfire risk across
the entire landscape.

While hazard reduction burns have proven effective in reducing risk near treatment
sites, a significant level of residual bushfire risk persist

Integration of GIS-Derived Terrain Data for Physics-Based Wildfire Simulations
Presenter: Siddharth Gupta, Victoria University

<p>Wildfire behaviour depends on fuel, weather, and topography. Although
physics-based simulations have advanced considerably—capturing fuel-flow
coupling, combustion dynamics, and radiative transfer—most studies have focused
on flat terrain. Incorporating realistic three-dimensional topography is essential to
extend these models toward operationally relevant applications. Empirical and
operational models such as Spark approximate slope effects using uniform, steady
inclines, assuming fully developed airflow. This simplification neglects transient
acceleration, recirculation, and flow separation over short or complex slopes.
Moreover, semi-empirical spread relations cannot resolve local variations in flame
attachment, separation, and merging, which significantly affect the rate of spread
(RoS), heat flux, and fireline intensity. This study presents a computational
framework that integrates high-resolution Digital Elevation Models (DEMs) and
vegetation data into the Fire Dynamics Simulator (FDS). Terrain information
processed in QGIS is converted into FDS-compatible geometry, enabling direct
simulation of slope-modified flow and combustion. Leveraging FDS's fluid-structure
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interaction capability allows detailed resolution of flow attachment, separation, and
reattachment over rugged terrain, influencing convective and radiative heat
transfer to unburnt fuels. Simulations for representative Australian grasslands
under extreme fire-weather conditions demonstrate a fundamental contrast
between flat and complex terrain. In flat terrain, the fire sustains forward
propagation with continuous flame attachment and efficient heat transfer to
unburnt fuels. In contrast, realistic terrain induces flow separation and recirculation
zones that disrupt flame attachment, reduce convective heat transfer, and can lead
to local fire self-extinguishment. By coupling geospatial datasets with a physics-
based solver, this framework establishes a scalable pathway linking empirical and
physical models, enabling terrain-informed corrections for operational tools such
as Spark to improve wildfire prediction in complex landscapes.

Experimental Investigation of the Influence of Firebrand Geometry and
Shower Parameters on Transport
Presenter: Muhammad Shahid Imran, Victoria University, Melbourne

The role of firebrands is crucial in wildfires, particularly in initiating spot fires in
wildland areas and igniting structures within the Wildland-Urban Interface (WUI).
Such occurrences can result in fatalities, injuries, property loss, and severe damage
to natural ecosystems, thereby intensifying climate impacts. The transport and
deposition of firebrands from the main fire front are critical aspects of their
behaviour, as these determine the direction and distance of spot fire initiation.
Among the key factors influencing this process are firebrand shape, size, and
shower size. This research experimentally investigates these parameters to provide
deeper insights into firebrand landing patterns. In this study, the existing Victoria
University Firebrand Generator (VU FG) was modified to incorporate the effect of
firebrand showers on their distribution and spot fire ignition potential. Based on
literature reviews and post-fire investigations, two firebrand shapes (cuboid and
cylindrical) in two sizes were selected for investigation. All experiments were
conducted at a wind speed of 29.8 m/s. The landing distribution of firebrands was
recorded using rectangular collection trays, with a grid size of 200mm. Each
experiment was repeated until the convergence criteria were satisfied, defined by
the stability of the contour centre, width, length, and maximum particle
concentration. The results indicate that both longitudinal and lateral distributions,
as well as maximum particle concentration, vary with firebrand shower size, shape,
and particle dimensions. A correlation among these key parameters has been
established. This study enhances understanding of firebrand behaviour and
supports the identification of high-risk zones. The experimental data will also aid in
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the development and validation of computational models for predicting firebrand
dispersion. Ultimately, the insights gained will assist fire management agencies in
designing advanced firefighting strategies.

NSW Bushfire and Natural Hazards Research Centre: connecting researchers,
end-users and community
Presenter: Rachael Nolan, Western Sydney University

The NSW Bushfire and Natural Hazards Research Centre is a unique partnership
connecting university researchers, government end-users, and the broader
community. Launched in 2023, the Centre addresses recommendations from the
2020 NSW Bushfire Inquiry and 2022 NSW Flood Inquiry. The Centre comprises six
universities, seven NSW government agencies, and an Indigenous community
organisation. This poster provides an overview of the Centre’s evolving research
programme, approach to co-design, Indigenous engagement and research
translation. We currently have 43 research projects which span multiple research
disciplines from physical sciences to social sciences. Our Centre also supports
Master's and PhD students and early to senior career researchers. The Centre
supports Indigenous leadership through our Indigenous Collaborative Research
Framework "Pathways Together", overseen by a dedicated Indigenous engagement
co-ordinator. This framework builds research capacity in both directions:
supporting researchers to align their practice with Indigenous ways of knowing and
doing, whilst partnering with communities to amplify their hazard research
priorities and co-lead research projects. The Centre is underpinned by co-design,
co-development and co-delivery of research. Compared to traditional approaches
to applied research, we have learned that co-design requires significant time
investment before research begins, and co-delivery of research requires dedicated
resources for research translation. There must be an investment of time and
energy into a collaborative community, and there must be a true partnership
between end-users and researchers. Thus, co-design and co-delivery of research
requires building relationships and trust. Co-design and co-delivery of research is
facilitated by two dedicated knowledge exchange officers and a funding stream
dedicated to research communication and translation.

Demonstrating the potential for 3D mapping of fuel moisture using terrestrial

LiDAR
Presenter: Mia Callaway, Australian National University
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Spatial variation in fuel moisture content across site, regional and landscape scales
plays a key role in influencing fire activity, particularly in forested landscapes.
However, most existing estimation methods have coarse spatial resolution and are
unable to capture the spatial complexity of fuel moisture within a site. For example,
in-situ field sampling is locally accurate but laborious and difficult to scale,
modelling based on meteorological conditions generalises over broad groups of
fuels, and satellite-based remote sensing methods are limited by canopy occlusion
and coarse spatial resolution. Therefore, it is essential to explore alternative
technologies for high resolution mapping of fuel moisture to improve fuel moisture
content estimation. Previous work with imaging spectroscopy has demonstrated
strong water absorption features in the shortwave infrared spectral region centred
around the 1450 nm and 1940 nm wavelengths. Light Detection and Ranging
(LIiDAR) systems, which use laser ranging to generate three-dimensional point
clouds have shown potential for mapping fuel structural characteristics and fuel
load spatially. However, LiDAR scanners also measure laser return intensity which is
related to the reflectance properties of the target at a given laser wavelength. This
allows for simultaneous estimation of fuel water content and fuel structure at a
high spatial resolution rather than on a site or mesoscale level. We investigated the
relationship between field measurements of fuel moisture content with intensity
measurements using a 1500 nm wavelength terrestrial laser scanner sensitive to
water absorption, undertaking radiometric calibration to correct for other
environmental and instrumental factors affecting measured intensity. We
demonstrate the potential to use LiDAR systems for spatial mapping of fuel
moisture and discuss the implications for fire behaviour prediction models and
scalability of the method beyond terrestrial LiDAR systems.

CFA Planned Burn Taskforce - Encouraging equitable participation
Presenter: Kerryn Tait, CFA

Country Fire Authority (CFA) is Victoria’'s volunteer fire service, operating across the
state to protect lives and property by responding to fires, accidents and other
emergency incidents. CFA volunteers have a history of helping each other with fire
management operations. Our planned burn program reduces bushfire risk to the
Victorian community and is an essential part of CFA's fire prevention and fuel
management. However, many areas do not have sufficient volunteer numbers
required to carry out planned burning when conditions are favourable.

In 2019 a mobile taskforce was created to provide rapid readiness for deployment.
The Planned Burn Taskforce (PBTF) is a state-based volunteer group which can be
deployed anywhere across Victoria to support planned burning operations. While
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the PBTF has significantly supported the delivery of planned burning operations,
evaluation of deployment data discovered a clear gender imbalance. Current
membership includes 121 women (15%) and 691 men (85%) yet since the taskforce
began, only 9% of deployed members have been women compared to 91% men.
This clearly shows that while women make up 15% of membership, they account
for only 9% of deployments.

To better understand this imbalance, a workshop with PBTF women was initiated to
explore experiences, identify barriers and develop strategies for improving equality.
Participants reported challenges such as harassment during deployments and
hesitation to attend women-focused activities due to concerns around reactions
from male colleagues. These issues highlight the importance for a safe, inclusive
and supportive environment to encourage equitable participation.

Identified key factors influencing women's participation including the need for:

. Shorter deployment opportunities to better accommodate family and work
commitments.

. Improve connections to build trust and increase confidence with other
taskforce members.

. Clearer role allocation and mentoring opportunities to support both new and
experienced members.

. Practical hands-on training to build confidence and skills whilst on the
fireground.

. Greater visibility of women in recruitment and promotional materials.

Tracking of recruitment by gender is now routinely monitored and statistics have
indicated an increase. While gender-based challenges remain, recognising and
addressing these barriers helps ensure all members have fair access to
opportunities that contribute to a safer and holistic working environment.

Synthetic Aperture Radar and Burnt Area Detection: Assessing the Role of
Environmental Conditions
Presenter: Eric Walmsley, Peter Dorn, ICEYE

Previous research has demonstrated that burnt areas are inconsistently detected
by X-band Synthetic Aperture Radar (SAR) imagery. While the influence of
topographic features and SAR acquisition geometry has been investigated, these
factors do not fully account for the observed variability, suggesting a role for fuel
structure in the visibility of burnt areas. The inherent characteristics of X-band SAR,
specifically its limited penetration through dense vegetation and high sensitivity to
surface roughness and moisture content, are well-established. This study

154



investigates how environmental conditions during a wildfire event influence the
detectability of burnt areas using X-band imagery.

Leveraging a comprehensive dataset of SAR acquisitions from ICEYE, a leading
provider of commercial SAR satellite imagery, over a diverse range of active
wildfires, the prevailing environmental conditions both prior to and during bushfire
events have been assessed. Results indicate an increased probability of burnt area
detection by X-band SAR when fires occur in grassy, open-canopy vegetation types
compared to those in closed-canopy vegetation. This is aligned with X-band radar
signal property: X-band electromagnetic waves do not penetrate dense canopies,
thereby obscuring surface-level burn scars. Furthermore, evidence shows that burn
completeness and fuel moisture content are critical determinants of burnt area
detection in X-band SAR data. These results underscore that X-band SAR imagery is
not a universal tool for mapping all burnt areas under all conditions. Instead, its
efficacy is contingent upon specific environmental parameters, making it
particularly adept at detecting burnt areas in certain, well-defined scenarios. With
these findings, the probability of burnt area detection with SAR across the entire
Australian continent is extrapolated, identifying that burnt areas are more likely to
be detected with X-band data in parts of Western Australia, Queensland, and the
Northe

High resolution LFMC: remote sensing modelling and prediction
Presenter: lvan Kotzur, Western Sydney University

Live fuel moisture content (LFMC) of trees is important for understanding bushfire
behaviour and management, as intense fires tend to occur when the moisture
content of both dead and live fuels are low. We modelled spatiotemporal variation
in LFMC across the forests and woodlands of New South Wales using optical
remote sensing and produced a high-resolution LFMC data cube. We also
developed a web tool to allow on-demand application of the model by researchers
and managers. In the modelling, we inverted the PROSPECT and GEOSAIL Radiative
Transfer Models (RTM) on Sentinel-2 satellite reflectance data of 20 m spatial
resolution to retrieve LFMC, and then predicted LFMC at sub-continental scales
using a random forest (RF) regression emulation of the RTM model. An RTM look-
up-table was filtered by ecological criteria from 24 sites sampled along precipitation
and canopy cover gradients and was inverted through the spectral angle, merit
function. The RF emulator allowed efficient computation and presentation of a
forest LFMC data cube that is novel in its large extent and high resolution, and in its
direct and immediate utility for research and management in animal, fire and plant
ecology. Our RTM-based, predictions of LFMC had a root mean square error (RMSE)
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of 19.9% dry matter content and explained more than 60% of variance (r2 = 0.62).
This represents an improvement over previous models using reflectance data of
coarser spatial resolution, particularly in terms of explained variance (e.g. r2=0.17
and RMSE=32%). The emulator model achieved similar performance to the RTM
with slightly larger error (RMSE = 21.77%) and smaller but operationally relevant
explained variance (r2 = 0.54). This study demonstrates that LFMC can be
monitored at spatial resolutions that allow intra- or inter-landscape patterns to be
resolved surpassing previous capabilities. Such remote sensing methodologies also
indicate the potential in spectral information of fuels for prediction of future condi

Effects of surface and crown fuel loads on crowning using the Fire Dynamics
Simulator (FDS)
Presenter: Mohamed sharaf, Victoria University

The complex interactions between factors such as surface fuel load, fuel moisture
content, crown base height, and crown fuel load pose significant challenges to
predicting and managing surface to crown fire transition. Physics-based simulation
tools enable the more detailed insight into fire behaviour than post-event analyses
and controlled experiments in laboratories or small-scale forest settings. We
performed simulations of fire in large-scale forest scenarios using Fire Dynamics
Simulator (FDS) version 6.8. Key parameters were systematically varied: crown base
height (3 m and 5 m), wind speed (6 m/s, 8 m/s, 10 m/s), and fuel moisture content
(5% and 13%). Initial simulations used surface fuel load of 5.7 kg/m2 and crown fuel
load of 1 kg/m2. These were repeated with reduced surface fuel load (2.7 kg/m?2)
and then with increased crown fuel load (3 kg/m?2) to assess their impacts on fire
transition. Reducing surface fuel load from 5.4 kg/m? to 2.7 kg/m? lowered crown
mass loss, flame duration in the crown layer, and the likelihood of sustained crown
fire, especially at lower crown base height (3 m) and higher wind speeds (8-10 m/s).
Rate of fire spread analysis indicated that lower surface fuel loads accelerate fire
spread due to the reduced burn time associated with less fuel availability and
greater air penetration in surface fuel, posing challenges for fire management. For
crown fuel load, higher crown fuel load increased crown mass loss, though less
than surface fuel load changes. We found variable crown particle consumption
patterns, possibly from denser crowns impeding fire penetration. Flame height
analysis revealed minimal crown fuel load influence on flame height distribution.
The dominant factor in crown fire transition was found to be surface fuel load and
environmental conditions. Therefore, thinning in pine forests should prioritize
reducing surface fuel over crown vegetation to more effectively mitigate crown fire
risks.
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Integrating Al and Advanced Technologies in Bushfire Management - Global
insights at a local level

Presenter: David Saah, Karen O'Connor, Peter Mckechnie, Sandy Whight, AFAC
Co-authors: David Saah (dsaah@sig-gis.com, Professor/Managing Principal, USF/SIG)
Karen O'Connor (karen@earthfirealliance.org, Founding Principal, Earth Fire Alliance)
Peter Mckechnie (peter.mckechnie@rfs.nsw.gov.au, Deputy Commissioner, NSW Rural
Fire Service)

As wildfires grow in frequency and intensity across the globe, the need for
innovative, scalable, and data-driven solutions has never been more urgent. The Al
Collaborative: Wildfires, a global initiative supported by Google.org, unites
researchers, technologists, and fire and land management experts to harness Al
and advanced technologies for bushfire preparedness, response, and community
resilience. We will explore how Al is transforming bushfire efforts—from predictive
modelling and early detection to real-time decision support and community
engagement.

X-band SAR Burnt-Area Detection: Operational Lessons from a Constellation
Archive

Presenter: Eric Walmsley, Peter Dorn, ICEYE

Co-authors: Peter Dorn (peter.dorn@iceye.com, Geospatial Scientist, ICEYE)

Wildfire agencies need reliable and frequent burnt-area mapping when smoke,
clouds, or night block optical imagery. Synthetic Aperture Radar (SAR) can fill these
gaps, but to date, most work has been done with from C-band systems. However, X-
band radar, which has shorter wavelengths and can provide better resolution, can
also be used for wildfire detection and monitoring. In particular, the use of X-band
radar can provide some advantages for incident mapping, damage assessment, and
post-fire recovery under certain conditions.

An archive of images from a commercial X-band SAR constellation (ICEYE) is
sampled and

provides images of active fires in the US and Australia (2023-2025). Detectability is
assessed against reference products and related to sensor parameters (incidence
angle, imaging mode, duration) and terrain factors (slope/aspect, layover/shadow).
Analyses include day and night acquisitions across all modes (Spotlight, Stripmap,
and Scan).
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A baseline detectability is established where burnt areas are distinguishable in a
subset of

conditions defined by canopy openness and soil moisture - information that now
guides optimal tasking. This detection shows no consistent relationship with SAR
geometry or mode. SAR distortions (layover, shadow, or foreshortening) provide
operational insights for local mapping but do not explain scene-to-scene variability.
Because geometry is not predictive, sub-daily tasking and mixed-mode acquisitions
are feasible without sacrificing burnt-area detectability, enabling coverage and
revisit speed as key operational advantages.

Due to the dynamic nature of wildfires, coverage and timeliness should be
prioritized over

fine-tuning geometry. Large-extent Scan/Stripmap can map the entire wildfire
footprint, while Spotlight/Dwell excels where infrastructure detail is required.
Reduced detection is expected under closed canopies or wet soils, but can be
solved for example by using multi-sensor workflows (e.g., pairing X-band with C-
band and optical when clear). Pre-fire baselines and fuel/soil-moisture layers can
also be incorporated in decision support to flag “low-contrast” conditions. This work
emphasizes data-driven optimization of wildfire monitoring strategies

Investigation of local rate-of-spread for use in dynamic bushfire behaviour
models
Presenter: William Swedosh, CSIRO

Head fire rate-of-spread (RoS) models have been developed since the 1960’'s and
were originally used to estimate fire danger based on weather forecasts and fuel
parameters.

Since the 1990's, these models have incorporated into bushfire simulators, where
predictions of the spread of a fire over the landscape can be made.

To simulate the spread of fire over the landscape, the head fire rate-of-spread
models must be extended into two dimensions. This has often been done using
geometric templates such as ellipses, which match many wildfire observations.
The definition of rate of spread around the perimeter is often dependent upon the
propagation algorithm. Level set methods use the RoS normal to the fire perimeter,
while front tracking methods using Huygens principle generally use the RoS spread
vector from the rear focus of the ellipse to each point on the fire’s perimeter.
Neither of these implementations directly relate to the physical fundamentals of
how fire propagates, and are mostly based on geometric modelling assumptions.
Differences between the two implementations can be very significant, with the
maximum being at the flank of the fire where Huygens method gives a local rate of
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spread N times larger than the normal rate of spread for an elliptical fire with a
length to breadth ratio of N. This is important because several operational dynamic
wildfire models depend on local RoS or fireline intensity (which depends on local
RoS), including models for firebreak crossing, crown fire initiation and spot fire
distances. This means that the propagation algorithm chosen could greatly affect
the likelihood of a fire crossing a road, and the proportion of a fire which crowns
and / or produces firebrands.

In this study we present previous works on quantifying local RoS and fireline
intensity. We then present results from physical simulations (conducted using Fire
Dynamics Simulator) to shed further light on the radio-convective processes which
determines the spread of fire in two dimensions. We also present results from a
simple radiation-based model as a comparison, and possible path towards a new
empirical relationship of rate of spread around a fire’s perimeter.

Understanding future fire: fuels, habitat, and fire regimes
Presenter: Em Window, University of Melbourne

Fire regimes are changing globally due to changing climate, altered ignition
patterns, and landscape fragmentation. Forecasting future fire behaviour requires
improved understanding of how vegetation structure responds to environmental
drivers over time. Current approaches often rely on Olsen curves to predict fuel
accumulation as a function of time since fire for a given vegetation community.
However, vegetation community maps are frequently coarse and erroneous, fuel
development varies significantly within communities, and fuel trajectories are
expected to shift under future climate conditions. This study develops biophysical
models that explicitly incorporate environmental drivers of fuel dynamics. Using a
large field dataset spanning Queensland to South Australia, we modelled fuel
hazard and vegetation height as functions of climate, soil properties, topography,
and fire history. We applied random forest models to identify the relative
importance of these drivers and quantify non-linear relationships. Model
performance was evaluated using k-fold cross-validation and independent test
data, and the best-performing models were used to generate spatial predictions of
fuel at operational scales relevant to regional and state planning. The results reveal
fine-scale variation in fuel structure across a spatial gradient, challenging current
assumptions embedded in Olsen-based fuel accumulation models. Time since fire
and precipitation were among the strongest predictors of fuel variation, although
their influence differed by the seasonality of precipitation. These fuel models will be
used in the Fire Regime Operations and Simulation Tool (FROST) to forecast fuel
trajectories under alternative climate and fire management scenarios. This research
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provides a scalable framework to replace static fuel-age assumptions with dynamic,
data-driven predictions, enabling more accurate risk assessment, improved hazard
reduction planning, and clearer quantification of uncertainty.

The Changing Face of Fire in Australia - and How Technology Can Help Us
Adapt
Presenter: Rob Vernon, Fire Foresight

Australia’s fire seasons are becoming more intense, unpredictable, and devastating.
Driven by shifting climate conditions, prolonged droughts, and increased fuel loads,
bushfires are igniting in regions that have historically been less fire-prone.

Dry lightning ignitions, which are difficult to forecast and nearly impossible to
prevent, are now responsible for a significant portion of large-scale fires, often
occurring in remote and rugged landscapes where response times are critical.

The traditional reliance on fire towers, community reports, and manual suppression
efforts is no longer sufficient. As bushfires become more extreme, early detection,
smarter resource allocation, and proactive fire management strategies must evolve
to meet the challenge.

In this session, we will examine how cutting-edge Al-powered fire detection, real-
time fuel moisture monitoring, and digital decision support systems can transform
how we prepare for and respond to fires. By integrating computer vision, machine
learning, geospatial analysis, and loT-enabled environmental sensors, new
technologies can provide earlier warnings, automate risk assessments, and help
emergency services make data-driven decisions in real time.

However, technology alone is not a silver bullet. These solutions must work in
partnership with fire agencies, land managers, and local communities to enhance,
not replace, existing fire management expertise.

This session is designed for fire agencies, land management professionals, and
policymakers who are seeking practical, technology-driven solutions to improve
bushfire resilience at scale. The fires of the past will not return the fires of the
future demand new strategies, tools, and partnerships. Explore what's next in the
fight against Australia’s evolving wildfire threat.

Advancing 3D tracking of untethered burning firebrands with stereo cameras
in a vertical wind tunnel

Presenter: Misarah Abdelaziz, CSIRO

To enhance understanding of the combustion and flight behaviour of common bark
firebrands, this study aims to provide a method for the detailed quantification and
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analysis of their motion, aerodynamic response, and combustion characteristics.
Burning debris, or firebrands, can travel considerable distances and ignite spot fires
several kilometres ahead of the main wildfire front, creating major challenges for
accurately predicting fire spread and managing suppression efforts.

The resulting system employs synchronised stereo video cameras combined with
depth mapping to reconstruct detailed three-dimensional motion paths of
untethered burning bark as freefall. Deep learning algorithms are integrated for
robust detection and segmentation of firebrands and combustion phase under
varying illumination and flame conditions, while temporal association methods link
detections across frames to generate continuous 3D flight trajectories. This
approach enables accurate estimation of a firebrand position, velocity, and
rotation, capturing both aerodynamic behaviour and combustion-phase transitions.
Compared with conventional orthographic imaging or manual tracking, the stereo-
based depth reconstruction significantly enhances spatial accuracy and consistency,
particularly in turbulent flow regions. The resulting dataset provides
comprehensive quantitative insight into firebrand transport dynamics, supporting
improved physical understanding of the process involved and enabling validation of
spotting models.

This research demonstrates how the integration of machine learning and computer
vision with advanced imaging systems can extend traditional experimental
capabilities in fire science. The methodology provides a scalable and reproducible
platform for investigating complex particle motion in wildland fire environments
and other multiphase flow applications, bridging the gap between laboratory
experimentation and real-world firebrand behaviour.

Where and Why Do Fires Stop? Explainable Machine-Learning Insights from
the 2019 Riveaux Road Fire
Presenter: Liu Zhao, University of Tasmania

In recent years, the frequency of bushfires worldwide has escalated, significantly
impacting ecosystems, human life, and socio-economic systems. Predicting fire
boundary formation is crucial for effective fire management, especially in
understanding the interactions between environmental factors influencing fire
cessation. This study focuses on three key research questions:

(1) how can a machine learning framework effectively integrate geographic,
weather, vegetation, and fire history factors to assess fire cessation potential?

(2) How does sampling distance affect the accuracy and interpretability of fire
boundary predictions?

(3) What roles and interaction mechanisms do these factors play in fire cessation?
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To address these questions, this study developed an integrated machine learning
(ML) framework combining matched case-control (MCC) and SHapley Additive
exPlanations (SHAP) to analyse the Riveaux Road fire in Tasmania. This framework
provides an interpretable and accurate model, allowing for global and local
examination of variable contributions and enabling the development of a Fire Stop
Potential Index (FSPI) map. While global analysis indicates that topography,
vegetation, and average temperature are key factors in fire cessation, local
dependency analysis reveals that low topographic position index (TPI), higher
elevations, and proximity to water bodies and roads contribute significantly to fire
barriers. The local dependency analysis shows western and southern slopes
proving more conducive to fire cessation compared to northern and eastern slopes.
High canopy cover and healthy vegetation have a strong fire suppressive effect,
with rainforests and wet eucalypt forests consistently acting as natural “fire-
retardant barriers.” Valleys or depressions, especially when combined with strong
winds or healthy vegetation, play a significant role in stopping fires. Additionally,
Tree Age and Time Since Last Fire show similar but distinct nonlinear relationships

Flammability of native perennial grasses as it is influenced by dryness, fire
intensity, and species
Presenter: Habtamu Getnet Gessesse, The University of Melbourne

Grasses significantly influence bushfire behaviour in fire-prone landscapes, yet their
flammability under changing climate and fire regimes remains poorly understood in
temperate Australia. This study examined the flammability of two native perennial
grasses (P. labillardierei, T. triandra) under combinations of two fire intensities (low
and high), and two dryness levels (well-watered and dry) under controlled
laboratory conditions. Four components of flammability were quantitatively
measured: ignitability (ignition probability, time to flaming ignition), combustibility
(flame height), sustainability (flame duration), and consumability (percentage of
material consumed). Dryness significantly influenced flammability (decreased time
to flaming ignition, increased ignition probability, flame height, and percentage
consumed; p&lt;0.001) across both fire intensities and species, although it did not
significantly influence flame duration (p&gt;0.05). Flammability components, except
low fire intensity (p&It;0.001). In addition, P. labillardierei was more flammable than
T. triandra for all components (p&lt;0.001), except flame height. There were very
few interactive effects among dryness, fire intensity, and species, except for
significant two-way interactions for biomass consumption, with stronger effects of
dryness and fire intensity for P. labillardierei than T. triandra, and of fire intensity
for well-watered than dry grasses (p&lt;0.001). These findings suggest that
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increased fuel dryness and high fire intensity can elevate multiple components of
the flammability of widespread native perennial grasses, increasing the risk of
intense fires under climate scenarios characterized by increasing dryness.

Fuel, Fire, and silviculture: The Impact of Shelterwood Harvesting and
Biomass Recovery on Fire
Presenter: Robin Tremblay, Université Laval (and FPInnovations)

As climate change escalates wildfire intensity, integrating fuel management into
forestry operations is essential. However, conventional harvesting can inadvertently
increase fire hazard by creating slash. This poster introduces the design and
objectives of a novel experimental burn study implemented to measure how
different pyrosilvicultural treatments affect fire behavior in eastern Canada’s
balsam fir forests.

Conducted at Forét Montmorency, Laval University's research forest, our study
compares pre- and post-treatment fuel loads and fire behavior in shelterwood cuts
applied as a wildfire risk reduction treatment. The trial consists of three repetitions
of two distinct pyrosilvicultural treatments and a control, each applied to 1-ha
experimental units in balsam-fir dominated forest stands. The treatments consist of
1) a conventional shelterwood harvest applied to document the change in stand
characteristics and fuel load after a shelterwood harvest with conventional
machinery and no specific debris management, 2) a shelterwood harvest with
biomass recovery to evaluate the additional effects of biomass recovery on fire
behavior, and 3) an untreated control to document baseline stand characteristics,
fuel load, and resulting fire behavior in an unmanaged, mature balsam fir stand.
The experimental cuts were applied in the fall of 2025 using a cut-to-length
harvester and a forwarder. In all experimental units the initial basal area averaged
26 m2/ha, and was reduced to a target basal area of 16 m2/ha in both shelterwood
cutting treatment. Tree tops and branches were laid on the logging trails in the
conventional shelterwood treatment and extracted from the site in the biomass
recovery treatment. This presentation will display key pre-burn data including
comparative fuel loading and stand structures, on-site photographs, and a detailed
representation of experimental design.

Once complete, this research will deliver two significant contributions. First, it will
generate a unique empirical dataset for a balsam fir fuel type, a critical gap in
Canada'’s Fire Behavior Prediction (FBP) System. Second, by visually contrasting the
planned outcomes of conventional versus biomass recovery harvesting with normal
machinery, this study will provide forest and fire managers with clear, evidence-
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based guidance to support the implementation of pyrosilvicultural treatments,
creating more resilient forest landscapes in eastern Canada.

Red Hot Tips - Practical bushfire management
Presenter: Sam Tacey, State Fire Management Council/Tasmanian Fire Service - Red Hot
Tips

The Red Hot Tips (RHT) program is a FREE Tasmanian service available to private
landowners to facilitate the implementation of practical bushfire management
actions to reduce bushfire risk. The program provides on-ground expertise,
guidance and training to assist landholders to undertake fuel reduction actions that
align with national standards and consider the fire sensitivity of vegetation
communities and tolerable fire intervals. Applying fire to actively manage bushfire
risk on private property is a complex and polarising subject, requiring a tailored
approach to address competing objectives (e.g., agricultural, ecological, cultural,
risk reduction) and site-specific constraints. In addition to considerations around
seasonality, weather prescriptions and fuel conditions, the application of fire on
working farms is constrained by crop and stock rotation and landowner availability.
The RHT program works closely with landholders, providing guidance to identify
objectives, understand the legislative boundaries of operation, and to navigate the
fire permitting requirements of the state agency to develop individual burn plans
for properties. The programs workshops, training and mentoring aims to build
capacity, understanding and knowledge of landholders, to confidently undertake
burning for bushfire risk reduction, with an appreciation of the need to plan, burn
at the right time, register burns and evaluate how well objectives were met. The
RHT program aims to reduce the risk of private fuel reduction burns escaping
through education, training and implementing best practice approaches. The
program support is not limited to fuel reduction burning providing advice on
alternative fuels treatments, such as mechanical approaches where appropriate.
Experienced fire practicians make up the programs small team of three staff, who
provide support to the over 350 registered landowners and over 400,000ha of land
around Tasmania.

Resurfacing of underground peat fire: smouldering transition to flaming
wildfire on litter surface

Presenter: Shaorun Lin, Yichao Zhang, The Hong Kong Polytechnic University
Co-authors: Yichao Zhang (real-yichao.zhang@connect.polyu.hk, Dr, The Hong Kong
Polytechnic University)
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Smouldering wildfires in peatlands are one of the largest and longest-lasting fire
phenomena on Earth, but it is unclear whether such underground peat fires can
resurface to the ground and ignite a flame on the litter layer. Tests confirmed that a
smouldering peat fire, ignited at the bottom, can propagate upwards and resurface
to ignite a flaming wildfire on the surface litter layer. The propensity of litter to be
flaming ignited decreased with increasing peat moisture content and litter layer
density. We found the threshold of such surface flaming as a function of
temperature and temperature increase rate at the interface between peat and
litter. Finally, large field experiments successfully reproduced and validated the
laboratory observations.

From Fire Behaviour to Smoke: A Cross-Scale Synthesis of Fuels, Emissions,
and Exposure
Presenter: Yunzhu Qin, University of Hong Kong

Wildfires are integral to Earth’s ecosystems, yet climate-driven intensification of fire
activity is amplifying smoke emissions and downstream health risks. Mega-fires and
prolonged burning can generate persistent, transboundary pollution, making
smoke a cross-scale consequence of fire behaviour and fuels. This review
synthesizes recent advances in quantifying wildfire emissions and attributing
smoke exposure using satellite remote sensing, fire-emissions inventories, and
chemical transport modeling, with an emphasis on pollutants most relevant to
cardiopulmonary outcomes (PM2.5 and key toxic gases). Across compiled emission-
factor studies, combustion efficiency (e.g., modified combustion efficiency) provides
a practical organizing axis: PM2.5 emission factors generally decline as combustion
becomes more efficient, while prolonged smoldering in organic fuels can sustain
high-emission, high-exposure conditions. We further highlight that exposure-
relevant uncertainty is often dominated by spatiotemporal allocation of emissions
(including small and fragmented fires), plume injection height, and secondary
aerosol chemistry—factors that can drive divergence in modeled wildfire-
attributable PM2.5 even when total emissions are similar. Epidemiological evidence
indicates that wildfire smoke contributes substantially to global mortality, with an
estimated ~1.5 million excess deaths annually, and regional analyses suggest
increasing burdens in smoke-prone regions, including equatorial Southeast Asia. By
linking fire behaviour, emission quantification, exposure attribution, and health
evidence, this review provides an integrated foundation for climate impact
assessment and smoke-risk management. Priorities for future work include regime-
and fuel-strata-resolved emission characterization with chemical speciation,

165



improved high spatiotemporal resolution emissions and plume constraints, and
exposure-toxicity designs that connect smoke composition to health endpoints.

Response of invasive shrubs to fire-induced injury in eastern US deciduous
forests: does more injury
Presenter: Jesse Kreye, Penn State University

Invasive shrubs are increasingly altering eastern U.S. deciduous forests. Among
them are Euonymus alatus (burning bush) and Ligustrum obtusifolium (border
privet). Prescribed fire is being more widely used as a control method, but their
response to burning is not fully understood. This study evaluates the response of
both species to targeted heat injury to elucidate the efficacy of burning and the
plants’ response to various heat injuries. We applied three fire treatments using a
propane torch: basal heating at varying durations (5, 20, and 35 seconds), crown
(foliar) heating, and the combination of both treatments. Crown heating alone
didn't result in any mortality. Longer basal heating durations significantly increased
both mortality and sprouting likelihood in both species, although larger stem
diameters increased their resilience. Longer basal heating led to greater mortality,
unsurprisingly, but when foliar heating was applied in addition to basal heating,
shrubs were actually less likely to die but resprout. Follow-up assessments, three
years post-treatment, showed delayed mortality, indicating the importance of long-
term monitoring. Findings suggest that long residency times during burning may be
necessary to control E. alatus and L. obtusifolium and that physiological response
to varying types of heat injury from fire is not well understood.

166






	Fuelling innovation, advancing fire knowledge, and navigating futures
	Trevor Howard
	But perhaps what we are really seeing is not just a fire problem, but a relationship problem. A disconnection. A forgetting. A loss of balance between people, fire, and Country.
	If I can offer a metaphor, think of the world right now as a landscape carrying a heavy fuel load. Not just physical fuels, but social, political, and environmental tensions. Climate change, biodiversity loss, inequality, conflict, all of these are like dry tinder accumulating over time.
	And when the right, or perhaps we should say the wrong, conditions come together, those tensions can ignite. Sometimes slowly, sometimes suddenly. Sometimes in ways we expect, and often in ways we don’t.
	We are living in a time of unpredictable ignition. And just like wildfire, once something starts, it can spread rapidly, crossing boundaries, overwhelming systems, and challenging our ability to respond.
	But we know, from fire, that unpredictability does not mean uncontrollability. It means we need deeper understanding. It means we need better relationships. It means we need to pay attention to the conditions we are creating. And that is why conferences like this matter.
	Because just as fire moves across landscapes, knowledge must move across communities. You have come together here, from different countries, disciplines, and perspectives, to share what you know. To respectfully challenge each other. To learn. To innovate. And in that coming together, there is great strength.
	But I would encourage you to think about this not just as an exchange of information, but as an opportunity to build relationships, relationships with each other, and relationships with the places you work. Because knowledge without relationship can only take us so far.
	What knowledge are you bringing? What knowledge are you open to receiving? And how are you ensuring that the relationships you build here are grounded in respect and reciprocity? Because the challenges we face, whether they are wildfires, climate change, or broader global uncertainties, cannot be addressed by any one group alone. They require collective effort. They require humility. They require us to recognise that no single system of knowledge holds all the answers. Fire, in its essence, is about connection. It connects the ground to the air. It connects the past to the future. It connects people to place. And in many ways, this conference is a fire in itself, a coming together of energy (physical and intellectual) and potential. So, my question or my challenge if you will indulge me is, what will you do with that energy? Will it burn quickly and fade? Or will it be tended carefully, like a cultural burn, creating space for new growth, strengthening connections, and leaving the landscape healthier than before? That choice sits with all of us.
	Before I close, I want to return to where I began, with my ancestors. Fanny Cochrane, Tanganutra, Nicerminic.
	They lived through times of immense change, upheaval, and loss. They witnessed the disruption of Country and culture in ways that
	Connection endured. Responsibility endured. I stand here because of that endurance. And I speak to you today with that same sense of responsibility, to ensure that what we pass on to future generations is not a landscape of crisis, but a landscape of care and of respect. A landscape where fire is understood, respected, and used wisely. A landscape where knowledge is shared, not siloed. A landscape where people come together, not just in times of emergency, but in ongoing relationship. So in that spirit of care and respect, I welcome you to Nipaluna. I welcome you to Lutruwita. I welcome you to this gathering. May your time here be meaningful. May your conversations be respectful. May your learning be deep. And may the knowledge you carry forward help create a better, more balanced relationship with fire and with the world we all share. Nayri nina-tu (thank you).
	Amanda McKenzie, CEO Climate Council
	David Bowman, ARC Laureate Fellow Professor of Pyrogeography and Fire Science Director of the Fire Centre, The University of Tasmania
	Robb Clifton
	Director Field and Traverse Operations Australian Antarctic Division
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