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▌The new Australian Fire Danger Rating System
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▌The new Australian Fire Danger Rating System



▌Empirical Fire Danger Index (EFDI) 
Method
1. Extract X-Y data pairs
For all grid cells corresponding to a region and fuel type of interest,
and for each day:
• Record if a fire event occurred
• Record the value of selected predictor variables (e.g., FMC) 
Calculate daily time series of region-average Y and X

2. Calculate Empirical Probability Function
• For different xi calculate cumulative conditional probability         

P(Y|X>xi), that is, the mean fire probability Y for all days with X>xi

• Divide by the ‘unconditional’ marginal probability P(Y) to get P(Y|X>xi)*

starting from 0 and ending at 1

3. Fit a Factor FDI function:
Normal cumulative distribution function:
• Mean (μ) or threshold value equals xi with P(Y|X>xi)=0.5
• Standard deviation (σ) or sharpness calculated from xi with P(Y|X>xi) 

values of 0.25 and 0.75 (the inter-quartile range)

Day Lat. Long. X 
(FMC)

Y 
(fire)

1/1/2003 -30.025 156.025 220 0

1/1/2003 -30.075 156.075 156 1

2/1/2003 -30.025 156.025 182 1

2/1/2003 -30.075 156.075 191 0

P(
Y|

X>
x i)

*

xi



▌Data: fire occurrence, fuel type and regions

Fire occurrence: GA Sentinel Hotspots fire detection system MODIS and other satellite sensors. 
• Max fire intensity (temperature) resampled to daily, 0.025° (~2.5 km) grids 
• Grids available from Australia’s Environment Explorer, www.ausenv.online)
• Used >80 °C temperature threshold to  resample to binary (yes/no) fire occurrence.

Fuel type: Current AFMS land cover classification (‘grass’, ‘shrub’, ‘forest’)

Fire weather areas (FWA): To account for regional characteristics of fire regime, fuel type etc.

Availability of data 
depends on FWA 
size, dominant land 
cover and fire 
frequency

http://www.ausenv.online/


▌Data: FDI predictors

Fuel condition
• MODIS-derived life fuel moisture content (LFMC, % water / dry mass) (~500 m)
BoM Landscape water balance model (AWRA) predictions (~5 km):
• Top soil moisture (w0, fraction of plant available water capacity)
• Shallow soil moisture (ws, “ “)
• Deep soil moisture (wd, “ “ )

Fire weather
BoM daily gridded climate data (~5 km):
• Maximum temperature (Tmax, °C)
• Daily mean wind speed (Uavg, m/s)
Calculated from Tmax and Vapour pressure at 3pm
• Relative Humidity (RH, %)
• Vapour pressure deficit (VPD, Pa)

All data available for 2003-2017 and resampled to the 2.5 km and daily time step 
resolution of the fire data.
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▌Regional differences (LFMC)

N=64

P(
Y|

X>
x i)

*



▌Regional differences (VPD)



▌Composite Empirical Fire Danger Index (EFDI)

Calculate 
• Calculate Factor FDI for each of the nX=8 predictor variables
• Multiply the probabilities and raise to the power 1/nX (assumes strong cross-correlation)
• Result is an observation-based regional EFDI for each day

Evaluate
• Compare predicted EFDI time series of fire frequency across the region and fuel type

Caveats
• “fire” = fire as detected by Sentinel Hotspots
• noise does occur
• can includes residue burning, prescribe burning etc., if large and hot enough
• ignition probability cannot be considered 
• evaluation against same dataset so not independent (but still informative)
• the correlations between factors is assumed



▌Evaluation example Temporal variability in the predicted 
probability is a measure of predictive power
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▌Take home messages

• Methodology to develop Empirical Fire Danger Index from ‘Big Data’
• Based on observations from GA Sentinel Hotspots
• Predictors tested to far relate to fuel condition and fire weather
• Temporal variability in predicted probability is a measure of predictive power
• Early results very promising

Prospects 
• Formal skill comparison vs. MacArthur FFDI/GFDI
• EFDI could be produced daily at 500-m as part of AFMS
• Address sources of error (e.g., small sample size)
• Explore sophistications (e.g., Bayesian Belief Networks)
• Extend to EFDI forecasts using BoM ACCESS weather forecasts
• Inform the new National Fire Danger Rating System?
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▌The Australian Flammability Monitoring System 

Layer Method Resolution Latency Reference
Spatial Temporal

Live FMC (%)

Uncertainty (%)

Flammability Index 
(0-1, unitless)

Inversion of physical models using MODIS 
reflectance data (water inside the fuels 
absorbs solar energy in the short wavelength 
water bands)

Standard deviation of 40 best FMC 
estimates

Logistic regression models between fire 
occurrence from the MODIS burned area 
product (binary dependent variable) and 
predictor variables derived from FMC 
estimates (independent variable)

500 m 4 days 4 days

8 days* 
forecast

Yebra et al. 2018. 
RSE

Soil moisture at 0-10 
and 10-35 cm

BoM’s JASMIN modelling system 5km Daily 7 days Dharssi et al. 2017



▌Why monitor live fuel moisture content?

Rossa et al., 2016, IJWF

(≤ 1)         (2-8)      (9-16)      (17-24)    (>25).

Number of fires

Chuvieco et al. 2009, IJWF

(<5ha)   (5–50ha)   (50–500ha)   (>500ha)

Burned area

Grass Mediterranean ShrubForest





▌How the system is currently or intended to be used
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