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| The new Australian Fire Danger Rating System
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I Information currently displayed
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I Uses in fire management

available to anyene,

Emp
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I Future developments

* Pilot prototype of high-resolution AFMS using high spafial resclution (=30m) satelite imageryincludsd
n the Ge« ence Australia Digital Earth Australic (GA-DEA)

* This will f tate the utiization and sustainabiity of the AFMS in the longer termif the experimenta
service we provide gefs ransificned to GA

I References

* Yebro ef ol 2018. A fuel meisture content and f

iogy for continentdl Australia based on opficol remete sensing. RSE 212, 260-272
* Dharss, ef ol 2017, JASMIN: A pretetype high resohition soi maisrean alysissystemfor Australia, Research Report No. 026, Bureaw of Meteorclogy:

END USER STATEMENT ‘This new fechnology has enormous potential to improve the efficiency of bushfire operations across Australia and drive
an expansion of cur copability. The provision of accurate, spatiolly explicit, near real-time estimates of FMC and flammakility would permit more
accurate targeting of scarce bushfire fighting resources in time and space. It would no longer be necessary fo estimate jurisdic

on-wide readiness
based on anecdotal extrapolation of conditions at o few locations’. Adom Leavesley, ACT Parks and Conservation Service
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| The new Australian Fire Danger Rating System

INPUTS (DATA)
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Data required to
assess fire danger.

Temperature

Relative humidity

Wind Direction

Wind Speed
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Climatic Conditions

Drought & Rainfall
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Fuel Availability

Fuel Type

Topography & Terrain

Slope, Aspect, Elevation
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Housing Density

Social Vulnerability
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... and more

/_ Scientifically \

supported formulae,
processes and
systems required to
calculate indicators.
Systems are spatially
and temporally

based. j

Information required
to determine fire
danger rating and

support other
decision-making.

What will the (hypothetical) fire do?
—_ (level of risk to community safety)
Fire Weather . .
—
Index
Ignition Likelihood &
- Fire Suppression
Fire Behaviour Indices
Ignition Likelihood Additional
. 4 Information
r 3 (all factors)
Fire Suppression
. Fire Impact
Fire Impact L P
| J Index

How much damage will the fire
cause? (nature and quantum of fire
risk to community safety)

DECISION-MAKING

single system to provide a
simplistic ‘answer’,

Jurisdictional protocols,
informed by national
protocols, and access to the

local systems underpin
consistent and defensible

best available information and

r;ire danger is too complex for a

L decision-making by ESO's,
W,

(National and jurisdictional
protocols support four key

OUTPUTS &
OUTCOMES

’ ” ~\
Locally specific outputs
that can be used to engage
the community and
manage resources.

Determined Rating

\ b
Fe: B
More accurate prediction and
communication of bushfire
risk to reduce the loss of life
and community assets

and ESO readiness

Community, Government

kdecision types: )
(" Enhanced agency B
5 . preparedness, readiness and
Cummun_lty wa"_“ng strategic planning to more
(determined rating) effectively utilise available
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i 4
Total fire ban and Contribute to risk
other restrictions management and prevention
through enhanced efficacy in
land management, critical
Targetted community infrla strgcturehinvestmegl,
. planning schemes an
SATRIES \ building standards )
~\

Reduced economic loss
due to unnecessary disruption
to business and communities
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’“Eerrhr::rcilcal Fire Danger Index (EFDI) ..

1/1/2003  -30.025 156.025

1. Extract X-Y data pairs 1/1/2003 -30.075 156.075 156 1
For all grid cells corresponding to a region and fuel type of interest,

and for each day:

- Record if a fire event occurred e N 0
 Record the value of selected predictor variables (e.g., FMC)

Calculate daily time series of region-average Y and X

2/1/2003  -30.025 156.025 182 1

. | FMC |

2. Calculate Empirical Probability Function
« For different x; calculate cumulative condifional probability 0.8]

P(Y | X>x;), that is, the mean fire probability Y for all days with X>x; —>-<: 06l
« Divide by the ‘unconditional’ marginal probability P(Y) to get P(Y | X>x.)" Q '

starfing from 0 and ending at | = 0.4}

o

3. Fit a Factor FDI function: 0.2
Normal cumulative distribution function: 0 ‘ .
« Mean (u) or threshold value equals x; with P(Y | X>x.)=0.5 100 200 300
« Standard deviation (o) or sharpness calculated from x; with P(Y | X>x;) X;

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




! 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.

Sentinel Hotspots fire sample size

grassland shrubland forest

Availability of data
depends on FWA e
size, dominant land @
cover and fire
fre quency 1000 2000 3000 4000 5000 6000 7000 8000

number of fires ()



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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| Examples

P(Y | X>x;)
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| Examples
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| Regional differences (LFMC)

Probability threshold values for live fuel moisture content

grassland shrubland

FMC
10 ' ' | | |

g N=64 . 100 150 200
X live fuel moisture content (%)
o L
A 6 L
i :5 Probability sharpness (sigma) for live fuel moisture content
N
E-: E; gl land hrubland fe t
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! Regional differences (VPD)

Probability threshold values for vapour pressure deficit

grassland shrubland forest

3000 4000 5000 6000
vapour pressure deficit (Pa)

Probability sharpness (sigma) for vapour pressure deficit




| Composite Empirical Fire Danger Index (EFDI)

Calculate

« Calculate Factor FDI for each of the n,=8 predictor variables

«  Multiply the probabilities and raise to the power 1/n, (assumes strong cross-correlation)
« Resultis 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

« canincludes 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




I qu I U Clﬁo nexam ple Temporal variability in the predicted

probability is a measure of predictive power

Herbert and Lower Burdekin (QLD) - grassland ( N=293)

Factor fire danger
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| Evaluation example

Goldfields (WA) - shrubland ( N=2573)

Factor fire danger
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| Evaluation example

Greater Sydney Region (NSW) - forest ( N=166)

Factor fire danger
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| Evaluation example

West and South Gippsland (VIC) - forest ( N=870)

Factor fire danger
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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

Method Resolution Latency |Reference
Spatial Temporal
Live FMC (%) Inversion of physical models using MODIS 500 m 4 days 4 days Yebra et al. 2018.
reflectance data (water inside the fuels RSE

absorbs solar energy in the short wavelength
water bands)

Uncertainty (%) Standard deviation of 40 best FMC

estimates
Flammability Index 8 days*
(0-1, unitless) Logistic regression models between fire forecast

occurrence from the MODIS burned area
product (binary dependent variable) and
predictor variables derived from FMC
estimates (independent variable)

Soil moisture at 0-10 | BoM’s JASMIN modelling system 5km Daily 7 days Dharssi et al. 2017
and 10-35 cm
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| Why monitor live fuel moisture content?

Fire-spread rate R (m min_1}

Forest Grass Mediterranean Shrub
300,004
20 OA O A. dec?'fbal‘a I C. ladanifer
X g striatus . 150 - R. officinalis
¢~ P. pinaster A
16 p
g A E. globulus I %
- " |>j<( 200,00 -
1.2 F X% S
& 150,00 =~
0 A X 5 =
i i 100
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0.4 @% 50,00 75 { }
R
U 0,00 ==
0 40 80 120 160 200 ' ' ' ' ' ' ' ) ' '
(=1) (2-8)  (9-16)  (17-24) (>25). (<5ha) (5-50ha) (50-500ha) (>500ha)

Live fuel moisture content M, (%)
Number of fires Burned area

Rossa et al., 2016, IJWF
Chuvieco et al. 2009, IJWF




I Australian Flammability Monitoring System /P Viazaros'
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! How the system is currently or intended to be used

Spatially-explicit knowledge of FMC and flammability must be a key aim for fire managers

Planning

Assist with scheduling and
plan prescribed burns:

drier FMC in a forest may
indicate more potential to

score the canopy

fuel moisture differential

can act as soft control
lines

long term fuel conditions

for the PB-DST

emissions assessment and

smoke dispersion

£

/

\.

mend preparedness
levels in relation to Fire
Danger Rating in response
to lower/higher than
average landscape dryness
conditions or exceed set
FMC or Fl thresholds

Response

L ]

Assist in firefighting and
resources allocation

FMC as an input in Spinifex
grass fire behaviour
Highlight potential for
anomalies in predicted
rate of spread: for lower
FMC a fire may spread
faster than predicted

soft control lines based on

fuel moisture differential /
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