THE AUSTRALIAN FLAMMABILITY
MONITORING SYSTEM
Non-peer reviewed research proceedings from the Bushfire and
Natural Hazards CRC & AFAC conference
Sydney, 4 – 6 September 2017

Marta Yebra1,2, Albert Van Dijk1,2, Geoff Cary1,2, Xingwen Quan3, Joel
Rahman4, Zac Hatfield Dodds1 and Pablo Rozas1
1 Australian National University
2 Bushfire and Natural Hazards CRC
3 University of Electronic Science and Technology of China
4 Flow Matters Pty Ltd

THE AUSTRALIAN FLAMMABILITY MONITORING SYSTEM | REPORT NO. 289.2017

Version

Release history

Date

1.0

Initial release of document

04/09/2017

All material in this document, except as identified below, is licensed under the
Creative Commons Attribution-Non-Commercial 4.0 International Licence.
Material not licensed under the Creative Commons licence:
•
Department of Industry, Innovation and Science logo
•
Cooperative Research Centres Programme logo
•
All graphics.
All content not licenced under the Creative Commons licence is all rights
reserved. Permission must be sought from the copyright owner to use this
material.

Disclaimer:
The Australian National University, University of Electronic Science and Technology
of China, Flow Matters Pty Ltd and the Bushfire and Natural Hazards CRC advise
that the information contained in this publication comprises general statements
based on scientific research. The reader is advised and needs to be aware that
such information may be incomplete or unable to be used in any specific
situation. No reliance or actions must therefore be made on that information
without seeking prior expert professional, scientific and technical advice. To the
extent permitted by law, The Australian National University, University of Electronic
Science and Technology of China, Flow Matters Pty Ltd and the Bushfire and
Natural Hazards CRC (including its employees and consultants) exclude all liability
to any person for any consequences, including but not limited to all losses,
damages, costs, expenses and any other compensation, arising directly or
indirectly from using this publication (in part or in whole) and any information or
material contained in it.
Publisher:
Bushfire and Natural Hazards CRC
September 2017
Citation: Yebra, M., van Dijk, A., Cary, G., Quan, X., Rahman, J., Dodds, Z. H. &
Rozas, P. (2017). The Australian Flammability Monitoring System. In M. Rumsewicz
(Ed.), Research Forum 2017: proceedings from the Research Forum at the Bushfire
and Natural Hazards CRC & AFAC Conference. Melbourne: Bushfire and Natural
Hazards CRC

1

THE AUSTRALIAN FLAMMABILITY MONITORING SYSTEM | REPORT NO. 289.2017

TABLE OF CONTENTS
Abstract

1

Introduction

2

Methods

3

Results

4

Discussion and conclusions

6

References

7

2

THE AUSTRALIAN FLAMMABILITY MONITORING SYSTEM | REPORT NO. 289.2017

ABSTRACT
The Australian Flammability Monitoring System (AFMS) is the first, continental-scale
prototype web explorer providing spatial information on current Live Fuel Moisture
Content (FMC) and landscape-scale fuel flammability derived from satellite
observations. The satellite observations are converted into FMC using a radiative
transfer modelling inversion approach. Evaluation of the FMC estimates using 408
observations at 35 locations around Australia shows similar accuracies (r2=0.60,
RMSE=39%) across the vegetation classes studied (grassland, shrubland and forest) to
those derived elsewhere globally. Flammability estimates are calculated using logistic
regression models relating fire occurrence to FMC. Separate prediction models were
developed for grassland, shrubland and forest, obtaining performance metrics (Area
Under the Curve) of 0.70, 0.78 and 0.71, respectively (where skillful predictions range
between 0.5 and1). A web-based data explorer will be available to fire and land
management agencies and any other interested parties in all states and territories.
The AFMS can support a range of fire management activities such as prescribed
burning and pre-positioning of firefighting resources and can inform the future
National Fire Danger Rating System.
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INTRODUCTION
The Fuel Moisture Content (FMC) of live bushfire fuel affects fire danger and fire
behaviour, as it strongly influences the key components of flammability including
ignitability, fire sustainability and combustibility (Anderson 1970). Spatially
comprehensive and temporally frequent estimates of FMC should be a fundamental
component of fire danger rating systems in support of a wide range of fire risk
management and response activities, such as prescribed burning and pre-positioning
firefighting resources. In recent years, there has been considerable development in
the estimation of FMC from satellite imagery. These developments have mainly been
in Mediterranean and temperate ecosystems in Europe (Al-Moustafa et al. 2012;
García et al. 2008; Jurdao et al. 2013a; Yebra and Chuvieco 2009b), Western North
(Casas et al. 2014; Hao and Qu 2007; Peterson et al. 2008) and south-eastern Australia
(Caccamo et al. 2012; Nolan et al. 2016). Further research is needed to assess the full
utility of FMC estimation across other fire-prone ecosystems (Yebra et al. 2013).
The conversion of FMC values into a Flammability Index (FI) can be an important
additional step that facilitates the inclusion of FMC estimates into an integrated fire
risk assessment system (Chuvieco et al. 2004). Research has produced several
methods for this conversion based on (i) the concept of moisture of extinction, defined
as the moisture threshold above which fire cannot be sustained (Chuvieco et al. 2004);
(ii) critical FMC thresholds derived from empirical statistical relations between FMC
and fire occurrence (Dennison and Moritz 2009; Nolan et al. 2016); and (iii) fitting a
continuous logistic probability model between fire occurrence and FMC (Chuvieco
et al. 2009; Jurdao et al. 2012). However, so far none of these methods has been
evaluated across a region as climatologically and ecologically diverse as Australia.
Through the use of remotely sensed data, this paper aims to present the first nationalscale, pre-operational, near-real time FMC and flammability monitoring system for
Australia. The overarching objective is to contribute to the development of
operational tools that can assist in better resources allocation in fire protection and
response and improved awareness of fire hazards to people and property.
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METHODS
The methodology used to map FMC in Australia is based on previous experience in
retrieving FMC in Europe using MODIS reflectance data, ancillary information on
vegetation type and Radiative Transfer Model (RTM) Look up Table (LUT) inversion
techniques (Jurdao et al. 2013b; Yebra and Chuvieco 2009a, b; Yebra et al. 2008).
Three different LUTs that contain spectra simulated for different moisture contents and
fuel types (LUTgrassland, LUTshrubland and LUTwoodland) are used as reference
tables. These tables were generated using three different RTM. The leaf-level
PROSPECT (Feret et al. 2008) and the canopy-level SAILH (Verhoef 1984) were coupled
to simulate the spectra of grasslands and shrublands whereas PROSPECT was coupled
to the canopy-level GeoSail (Huemmrich 2001)to simulate the spectra of
woodlands/forest. For each MODIS reflectance pixel and date, the MODIS land cover
map was used to select the reference LUT corresponding to the specific land cover
class covering that pixel. All the simulated spectra from the selected LUT were
compared to the spectrum of every MODIS pixel that passes the quality control test.
Existing field FMC data collected in grassland (Newnham et al. 2015), shrubland
(Caccamo et al. 2012) and forest (Nolan et al. 2016) between 2004 to 2014 were used
to validate the algorithm retrievals.
The FMC retrievals were used to map a dimensionless Flammability Index (FI) based
on logistic regression models between fire occurrence derived from the MODIS
burned area product (the binary dependent variable) and predictor variables
derived from the satellite FMC estimates described above. Following Jurdao et al.
(2012) we use a cumulative logistic distribution function (Eq. 1-2):
1

𝐹𝐼 = 1+𝑒 −𝑧

(1) ; 𝑧 = 𝑎 + 𝛽1 𝑥1 + 𝛽2 𝑥2 + ⋯ + 𝛽𝑛 𝑥𝑛 (2)

where FI is the Flammability Index (equaling the probability of fire occurrence in the
training sample), a is the model intercept, β1,…,βn are the equation coefficients, x1,
x2,…,xn are the independent variables.
The training sample was constructed as a series of data pairs, in which each data pair
includes (i) FMC of a pixel before burning, and (ii) the mean FMC of a representative
sample of unburned pixels that is sufficiently close to represent a similar land cover
class, but did not burn. Areas not affected by fires were selected from cells
surrounding the burned pixels using the semi-variogram geostatistical technique
(Jurdao et al., 2012).
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RESULTS
A result of this study is a multitemporal FMC and flammability dataset at an 8-day
resolution for the period 2001 to 2016 over Australia. The dataset is accessible at,
http://dapds00.nci.org.au/thredds/catalog/ub8/au/catalog.html.
Overall, the FMC algorithm explained 60% of the measured FMC across all sites and
vegetation types with an RMSE of 39% (n=374). The slope (0.83) and offset (-4.68) of
the linear regression between measured and retrieved FMC (Fig. 1) suggest no
significant bias in the estimates.
(b)

Three
separate
logistic
regression models (Eq. 3-5) were
fitted for grassland, shrubland and
forest obtaining an area under the
curve from the receiving operating
characteristics curves of 0.70, 0.78
and 0.71, respectively.
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FIG. 1. RETRIEVED PLOTTED AGAINST FIELD MEASURED FMC (%) AT ALL
VALIDATION SITES SYMBOLISED BY LAND COVER CLASS (GRASSLAND,
SHRUBLANDS AND FOREST).

where FMCt-1 is the FMC corresponding to the 8-day period prior to the 8-day period
including the fire date; FMCD is the FMC difference between the two consecutive 8day periods prior to the 8-day period including the fire date (FMCt-2 - FMCt-1),
representing a rate of change, and FMCA the departure of FMCt-1 from the average
FMC value for that period for the time series (2001-2016)
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FIG. 2. A SCREEN CAPTURE OF THE AFMS WEB EXPLORER SHOWING THE CHANGE IN FMC FOR A
SPECIFIC LOCATION

A prototype web explorer was built in consultation with end-users to make spatial
information on FMC and FI easier and faster to access for interested users (Fig. 2). The
AFMS offers advanced functions for professional users to interrogate the data and
download options. It also offers the flexibility to incorporate other relevant information
that might be currently available (e.g. fire weather, intensity and occurrence, soil
moisture).
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DISCUSSION AND CONCLUSIONS
We presented the first Australia-wide product of FMC and associate flammability
based on MODIS imagery and radiative transfer model inversion. The overall accuracy
of the FMC algorithm was reasonable, although a reduction of estimation error is
desirable to further improve fire risk estimation and use by practitioners. FMC was
converted into a flammability index using logistic regression models. The advantage
of these models is that they offer the possibility of predicting fires one week before the
beginning of the event. The long-term objective is to integrate FMC with other key fuel
structural properties and fire weather into fire propagation models, to derive more
reliable estimates of flammability and rate of spread for local conditions.

6

THE AUSTRALIAN FLAMMABILITY MONITORING SYSTEM | REPORT NO. 289.2017

REFERENCES
1.
2.
3.

4.

5.

6.
7.
8.

9.
10.
11.
12.
13.
14.
15.

16.

17.
18.
19.
20.

21.
22.

Al-Moustafa, T., Armitage, R.P., & Danson, F.M. (2012). Mapping fuel moisture content in upland vegetation using
airborne hyperspectral imagery. Remote Sensing of Environment, 127, 74-83
Anderson, H.E. (1970). Forest fuel ignitibility. Fire Technology, 6, 312-319
Caccamo, G., Chisholm, L.A., Bradstock, R.A., Puotinen, M.L., & Pippen, B.G. (2012). Monitoring live fuel
moisture content of heathland, shrubland and sclerophyll forest in south-eastern Australia using MODIS data.
International Journal Of Wildland Fire, 21, 257-269
Casas, A., Riaño, D., Ustin, S.L., Dennison, P., & Salas, J. (2014). Estimation of water-related biochemical and
biophysical vegetation properties using multitemporal airborne hyperspectral data and its comparison to MODIS
spectral response. Remote Sensing of Environment, 148, 28-41
Chuvieco, E., Aguado, I., & Dimitrakopoulos, A.P. (2004). Conversion of fuel moisture content values to ignition
potential for integrated fire danger assessment. Canadian Journal of Forest Research-Revue Canadienne De
Recherche Forestiere, 34, 2284-2293
Chuvieco, E., Gonzalez, I., Verdu, F., Aguado, I., & Yebra, M. (2009). Prediction of fire occurrence from live fuel
moisture content measurements in a Mediterranean ecosystem. International Journal Of Wildland Fire, 18, 430-441
Dennison, P.E., & Moritz, M.A. (2009). Critical live fuel moisture in chaparral ecosystems: a threshold for fire
activity and its relationship to antecedent precipitation. International Journal Of Wildland Fire, 18, 1021-1027
Feret, J.B., Francois, C., Asner, G.P., Gitelson, A.A., Martin, R.E., Bidel, L.P.R., Ustin, S.L., le Maire, G., &
Jacquemoud, S. (2008). PROSPECT-4 and 5: Advances in the leaf optical properties model separating
photosynthetic pigments. Remote Sensing of Environment, 112, 3030-3043
García, M., Chuvieco, E., Nieto, H., & Aguado, I. (2008). Combining AVHRR and meteorological data for
estimating live fuel moisture content. Remote Sensing of Environment, 112, 3618-3627
Hao, X.J., & Qu, J.J. (2007). Retrieval of real-time live fuel moisture content using MODIS measurements. Remote
Sensing of Environment, 108, 130-137
Huemmrich, K.F. (2001). The GeoSail model: a simple addition to the SAIL model to describe discontinuous canopy
reflectance. Remote Sensing of Environment, 75, 423-431
Jurdao, S., Chuvieco, E., & Arevalillo, J.M. (2012). Modelling Fire Ignition Probability from Satellite Estimates of
Live Fuel Moisture Content. Fire Ecology, 8, 77-97
Jurdao, S., Yebra, M., & Chuvieco, E. (2013a). Live Fuel Moisture Content Derived from Remote Sensing Estimates
in Temperate Shrublands and Grasslands. In, Earthzine
Jurdao, S., Yebra, M., Guerschman, J.P., & Chuvieco, E. (2013b). Regional estimation of woodland moisture content
by inverting Radiative Transfer Models. Remote Sensing of Environment, 132, 59-70
Newnham, G.J., Blanchi, R., Leonard, J., Opie, K., & Siggins, A. (2015). Bushfire Decision Support Toolbox
Radiant Heat Flux Modelling: Case Study Three, 2013 Springwood Fire, New South Wales. In: CSIRO report to the
Bushfire CRC
Nolan, R.H., Boer, M.M., Resco de Dios, V., Caccamo, G., & Bradstock, R.A. (2016). Large-scale, dynamic
transformations in fuel moisture drive wildfire activity across southeastern Australia. Geophysical Research Letters,
43, 4229-4238
Peterson, S.H., Roberts, D.A., & Dennison, P.E. (2008). Mapping live fuel moisture with MODIS data: A multiple
regression approach. Remote Sensing of Environment, 112, 4272-4284
Verhoef, W. (1984). Light-Scattering by Leaf Layers with Application to Canopy Reflectance Modeling - the Sail
Model. Remote Sensing of Environment, 16, 125-141
Yebra, M., & Chuvieco, E. (2009a). Generation of a Species-Specific Look-Up Table for Fuel Moisture Content
Assessment. Ieee Journal Of Selected Topics In Applied Earth Observations And Remote Sensing, 2, 21-26
Yebra, M., & Chuvieco, E. (2009b). Linking ecological information and radiative transfer models to estimate fuel
moisture content in the Mediterranean region of Spain: Solving the ill-posed inverse problem. Remote Sensing of
Environment, 113, 2403-2411
Yebra, M., Chuvieco, E., & Riano, D. (2008). Estimation of live fuel moisture content from MODIS images for fire
risk assessment. Agricultural And Forest Meteorology, 148, 523-536
Yebra, M., Dennison, P.E., Chuvieco, E., Riano, D., Zylstra, P., Hunt, E.R., Danson, F.M., Qi, Y., & Jurdao, S.
(2013). A global review of remote sensing of live fuel moisture content for fire danger assessment: Moving towards
operational products. Remote Sensing of Environment, 136, 455-468

7

