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PROJECT END-USERS

• John Bally, Bureau of Meteorology (Lead-end-user)

• Adam Leavesley and Neil Cooper, ACT Parks and Conservation. 

• Robert Preston, Public Safety Business Agency (QLD). 

• Andrew Sturgess and Bruno Greimel, QLD Fire and Emergency

• Laurance McCoy and Stuart Matthews, NSW Rural Fire Service

• Andrew Grace, Attorney-General’s Dept, ACT

• Richard Wald, SA Country Fire Service

• Simeon Telfer, Department of Environment, Water and Natural 

Resources. SA

• Belinda Kenny, Office of Environment & Heritage, NSW

• David Taylor, Tasmania Parks and Wildlife Service. 

New end-users: Bruce Murrell and Michael Konig (Boeing Defence Space & 

Security)



PROJECT EXTERNAL COLLABORATORS

• Darius Culvenor (Sensing Systems)

• Jim Gould (CSIRO)

• Tom Jovanovic (ANU)

• Alex Held, Arantxa Cabello and Michael Schaefer (CSIRO/ TERN-AUSCOVER)

• Emilio Chuvieco (University of Alcala, Spain)

• Philip Zylstra (UOW)

• Samsung Lim (UNSW)



PROJECT STUDENTS 
PhD students on “Mapping forest fuel load and structure from LiDAR”.

• Narshima Garlapati (ANU-APA+ BNHCRC top-up scholarship )
• Yang Chen (University of Monash-APA + BNHCRC top-up 

scholarship)

Undergraduate students
• Lois Padgham (ANU-Independent Research Project, ACT Parks). 

Topic: Cosmic ray soil moisture probe for fuel monitoring
• Lauren de Waal (Engineering Honours student at ANU)

Topic: “Grassland curing and moisture content monitoring with 
automated sensing systems for bushfire prediction”

Academic study visitors
• Susanne Marselis (Graduated Msc Earth Sciences, University of 

Amsterdam)- (February-April 2015).
Topic: Terrestrial LiDAR and fuel structure.

• Xingwen Quan (PhD student, University of Electronic Science and 
Technology of China, Chengdu) (October 2015-October 2016)
Topic: Remote Sensing of Fuel Moisture Content



GOAL

Produce reliable and operationally useful 
spatial information on critical aspects of 
bushfire hazard (fuel structure, load and 
flammability)

Determine the impact of unplanned and 
prescribed burning on fuel accumulation as 
well as landscape values (habitat, water 
resources and carbon storage) over time, in 
support of fire management.



TWO DIFFERENT SET OF TRACKING METHODS

1) IN-FIELD methods
a) Local scale
b) End-user may need to collect and post-process the data 

using standardized protocols
c) Provide objective, detailed and consistent observations at 

real time

2) Spatial information at national scale 
a) National scale
b) Freely available and in most cases at near real-time



IN-FIELD METHODS



AUTOMATED AIRBORNE LIDAR FUEL STRUCTURE 
MAPPING

IN-FIELD METHODS



AIRBORNE LIDAR FOR FUEL STRUCTURE MAPPING

New Airborne Full-wave LiDAR 
collected across ACT July 2015 
(funding from ACT Government 
and TERN)
Narsimha Garlapati PhD project

IN-FIELD METHODS



AUTOMATED GROUND-BASED LIDAR FUEL STRUCTURE 
CLASSIFICATION

IN-FIELD METHODS

Marselis, S., Yebra, M., Jovanovic, T., van Dijk, A. 
Automated classification of mobile laser 
scanning observations to automatically derive 
information on forest structure and biomass. 
Submitted to Environmental Modelling and 
Software . Under review. 

Chen, Y., Zhu, X., Yebra, M., Harris, S.,  Tapper, N. 
Strata-based forest fuel classification for wild 
fire hazard assessment using terrestrial LiDAR 
data. Submitted to ISPRS Journal of 
Photogrammetry and Remote Sensing. Under 
review.



MOVING TOWARDS A MORE OBJECTIVE 
FUEL ASSESSMENT
Traditional visual assessment Terrestrial LiDAR (Zebedee)

IN-FIELD METHODS



CLASSIFIED POINT CLOUD 

Marselis, S et al. (2015, Submitted to EMS)

LiDAR 
classification

Field observed

Tree Elevated Not
observed

Total

Tree 49 1 2 52
Elevated 0 12 1 13
Undetected 1 2 0 3
Total 50 15 3 68

The classification algorithm is able to automatically recognise 
98% of the trees in the study site and 80% of the elevated 
vegetation components with an error of commission of 20%.

IN-FIELD METHODS



AUTOMATICALLY DERIVED INFORMATION 
ON FUEL STRUCTURE 
1) Fractional cover and depth of near surface, 

elevated and canopy fuels
2) Diameter at breast height

Marselis, S et al. (2015, Submitted to EMS)

Fuel Property R2 RMSE

Litter-bed depth 0.87 10.97mm

Litter cover 0.8 5.38 %

NS cover 0.94 6.9%

Elevate cover 0.87 9.86%

Chen, Y et al. (2015, Submitted to ISPRS JPRS)

IN-FIELD METHODS



LIDAR DERIVED OVERALL FUEL HAZARD RATINGS

Bark fuel: 
moderate

Chen, Y et al. (2015, Submitted to ISPRS JPRS)

IN-FIELD METHODS



SUMMARIZING

1) An algorithm has been developed to 
automatically derived forest fuel structure and 
OFHA from Zebedee LiDAR

2) This does not obviate field assessment but it will 
provide  more objective and consistent way to 
assess the fuels in comparison to traditional 
visual assessments

IN-FIELD METHODS



INTEGRATED SENSOR SYSTEM FOR GRASSLAND 
CURING AND FMC

IN-FIELD METHODS



Trial with in-situ sensors 
for monitoring grass 
curing and FMC
• Detailed and 

consistent 
observations

• Useful for models 
evaluation

IN-FIELD METHODS

INTEGRATED SENSOR SYSTEM FOR GRASSLAND 
CURING AND FMC






COSMIC RAYS FOR FIRE RISK WARNING

IN-FIELD METHODS

Funding: Actew/ActewAGL

satellite telemetry 
(iridium)

rain gauge temp & humidity

3 soil moisture 
probes (TDR)

solar panel

cosmic ray detector 
tube (Boron)data logger (bespoke, 

room for ancillaries)



FIELD WORK IN NAMADGI NATIONAL PARK 

IN-FIELD METHODS



SPATIAL INFORMATION



SOIL MOISTURE DATA TO IMPROVE FFDI

SPATIAL INFORMATION
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SPATIAL INFORMATION



SUMMARIZING

1) Better soil moisture estimates than KBDI are 
freely and readily available, both from models 
and satellite products. 

2) Replacing the KBDI with more accurate soil 
moisture estimates is not straightforward, as it 
requires scaling of the soil moisture units. 

3) This highlights the lack of physical basis and 
interpretation for the McArthur FFDI

SPATIAL INFORMATION



FUEL MOISTURE CONTENT DERIVED FROM 
MODIS

SPATIAL INFORMATION



FUEL MOISTURE CONTENT DERIVED FROM MODIS
Model
Fuel Moisture Content based on the inversion of Radiative Transfer 
Models using MODIS data (Yebra et al 2008, 2009; Jurdao et al 
2013a,b,c)

Basic data 
• 500 m MODIS reflectance, 8 days (daily)
• 250 m Dynamic Land Cover map (GA)
• Look up table

Data for validation:
• Grassland (Coppins Crossing+Braidwood) and woodlands 

(Namadgi) (2014-2015)- in collaboration with ACT Parks
• 79 sites located in NSW, ACT, VIC, QLD, WA, TAS (2006-2015) 

thanks to Glenn Newman, Gabrielle Caccamo, Brendan 
Pippen, Ross Bradstock.

• Data for the NT requested to Andrew Edwards.
• SA?

SPATIAL INFORMATION



13 YEARS OF FUEL MOISTURE CONTENT

SPATIAL INFORMATION

https://youtu.be/OacMUz048iI

https://youtu.be/OacMUz048iI


SUMARIZING

1) The first prototype of a satellite-based Fuel Moisture 
Content product for Australia at 500m resolution has 
been produced at 8-day intervals

2) Potential to apply it to Landsat (30m) but loosing 
temporal resolution (ca. 16 days at best)

3) What is more useful from an operational point of 
view?
a) Absolute values
b) Anomalies 
c) Probability of ignition (Moisture of Extinction (Chuvieco et al 

2004) or logistic models (Jurdao et al 2012))
d) Integrated in the new National FD RS based on physical 

parameters.

SPATIAL INFORMATION



Questions:

• What is the impact of planned 
or unplanned burning on 
water, carbon, habitat?

• How does it vary in space over 
10-100 m scale?

• Can that knowledge help 
management, e.g. prescribed 
burning?

HIGH-RESOLUTION FIRE RISK AND IMPACT (HIFRI) 
FRAMEWORK



HIGH-RESOLUTION FIRE RISK AND IMPACT 
(HIFRI) FRAMEWORK
Model
Spatial forest growth, water use and carbon uptake model based on 
the BoM AWRA model. 

Basic data 
• 30m Data Cube Landsat data (vegetation)
• 1km TERN e-Mast daily precipitation and temperature
• 5km BAWAP/SILO daily short-wave radiation
• 30m relief and landscape morphology (TERN, GA)

Data for validation and investigation of added value:
• airborne LiDAR (forest structure)
• airborne hyperspectral data (canopy density, moisture)
• field measurements (vegetation and fuel attributes)
• TERN OzFlux site data @ Tumbarumba (water and carbon fluxes, 

vegetation structure)
• CosmOz cosmic ray sensor @ Corin Dam (large area soil moisture, 

micro-climate)

SPATIAL INFORMATION



OUTPUT: SOIL MOISTURE PATTERNS

Soil moisture (vol.%)
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SPATIAL INFORMATION



CASE STUDY: CORIN DAM CATCHMENT 

SPATIAL INFORMATION



SUMMARISING

 Spatial estimates of various aspects of vegetation 
(fuel/carbon/biomass) and water can be generated 
 anywhere in Australia
 at 30 m detail 
 daily time step

 What are the most useful applications? What mapping products could 
you potentially see an application for?

 Although driven by observations, it is still essentially a model, and so 
prediction quality assessment is paramount to gain confidence in the 
predictions.

 This can be achieved using a comprehensive range of observations :
 vegetation, weather, water or soil
 point-based or airborne 

SPATIAL INFORMATION



TAKE HOME MESSAGE

1) An algorithm has been developed to automatically derived 
forest fuel structure and OFHA from Zebedee LiDAR

2) We are testing two integrated sensor systems (curing 
sensors-COSMOS) for fire risk warning

3) Much better soil moisture estimates than KBDI are freely and 
readily available. However replacing the KBDI with more 
accurate soil moisture estimates is not straight forward.

4) A satellite-based Fuel Moisture Content product for Australia 
500m resolution has been produced and can be converted 
into probability of ignition or integrated in the new National 
FD RS based on physical parameters.

5) HiFRI provides estimates on forest fuel load and moisture 
content and fire impacts on landscape values such as water 
resource generation and carbon storage by integrating 
satellite observations into an environmental model.

PROJECT A1-MAPPING BUSHFIRE HAZARD AND IMPACT



CURRENT PRIORITIES FOR FUTURE WORK

1)Complete documentation of outputs

2)Decide on next priorities based on end-
user feedback

PROJECT A1-MAPPING BUSHFIRE HAZARD AND IMPACT



THANK YOU!

Dr. Marta Yebra
Research Fellow 
Fenner School of Environment & Society
Forestry Building (48), room F15-G
The Australian National University
Linnaeus way, Canberra ACT 0200

+61-2-612 54107
marta.yebra@anu.edu.au
www.anu.edu.au

Adjunct Research Scientist | CSIRO Land and Water 
marta.yebra@csiro.au
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