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Presenter
Presentation Notes
Dear presenters,
Thank you for agreeing to provide a talk at next weeks RAF at the NSWRFS on the 17th Oct.
I just want to remind you of the focus of the RAF’s and therefore your presentations.  There is 15 minutes available for each presentation.  We are not after a detailed analysis of your research methods, more so, its about:
where is the research now,
what still needs to be done,
how is it being applied,
what difference is it making
what are the opportunities to build on utilisation
We encourage end users to be engaged in this process.
I look forward to seeing you all on the 17th for what should be a really enjoyable and productive day.
Regards
Matt



▌AFMS: Agreed developments priorities
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incorporated estimates of soil moisture data into the AFMS. These estimates are produced by the Bureau of Meteorology’s JASMIN modelling system (Dharssi and Vinodkumar, 2017), also developed as part of the BNHCRC research program. They are available at c. 5 km resolution and daily time step.



http://anuwald.science/afms
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Presentation Notes
Mention that the system is up to date, display info on soil moisture, gaps in the data filled

We were granted support from utilisation funds from the BNHCRC to develop the “Australian Flammability Monitoring System” (AFMS), and we released the website version 1.0 in March 2018 as an experimental information service undergoing active research. In consultation with the end users, we have identified a subset of key uses of the Australia Flammability Monitoring System (AFMS) as well as a set of priorities for future development that may potentially be addressed by the BNHCRC and the project team in future via further utilisation funds.  
submitted an application for utilisation funds from the BNHCRC to further develop the AFMS website and address the agreed priorities for further development of the AFMS website base on collected feedback;



▌Deciles maps: will tell you whether FMC or FI is above average, average 
or below average in comparison to the observations for a given month in the previous years (2001-
year before current) and for a given pixel (“Grid” view) or region (“Zonal” view, e.g. fire weather areas)

?

Gaps ~ 85% of 
valid pixels in the 
polygon
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These maps will tell you whether FMC or FI is above average, average or below average in comparison to the observations for a given month in the previous years (2001-2018) and for a given pixel (“Grid” view) or a region (“Zonal” view, e.g. local government areas or fire weather areas). When using the per polygon summaries the user can select represent the conditions of all pixels in the polygon (“entire area”) or only those of a certain class of land cover (Croplands/Grasslands, Shrublands or Forest).  You will notice that in “Zonal” view, some polygons don’t display any information. This is because we only calculate the average of the pixel values when there are at least 85% of valid pixels in the polygon or 33% if users select a class of land cover (these values are a bit high and he may update them to a lower value soon). 



▌How can deciles maps be used?
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When using the per polygon summaries the user can select represent the conditions of all pixels in the polygon (“entire area”) or only those of a certain class of land cover (Croplands/Grasslands, Shrublands or Forest).  You will notice that in “Zonal” view, some polygons don’t display any information. This is because we only calculate the average of the pixel values when there are at least 85% of valid pixels in the polygon or 33% if users select a class of land cover (these values are a bit high and he may update them to a lower value soon). 



▌Other new features
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When using the per polygon summaries the user can select represent the conditions of all pixels in the polygon (“entire area”) or only those of a certain class of land cover (Croplands/Grasslands, Shrublands or Forest).  You will notice that in “Zonal” view, some polygons don’t display any information. This is because we only calculate the average of the pixel values when there are at least 85% of valid pixels in the polygon or 33% if users select a class of land cover (these values are a bit high and he may update them to a lower value soon). 



▌Other new features

Presenter
Presentation Notes
When using the per polygon summaries the user can select represent the conditions of all pixels in the polygon (“entire area”) or only those of a certain class of land cover (Croplands/Grasslands, Shrublands or Forest).  You will notice that in “Zonal” view, some polygons don’t display any information. This is because we only calculate the average of the pixel values when there are at least 85% of valid pixels in the polygon or 33% if users select a class of land cover (these values are a bit high and he may update them to a lower value soon). 



▌ Temporal FMC dynamics: Deepwater fire 2018
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▌ FMC map for Australia

Based on FMC thresholds that explain fire occurrence Dennison et al. 2008, IJWF



▌ FMC empirical thresholds

Table 1: Approximate LFMC threshold values indicating marked increases in 
burnt area, and the proportion of each studied niche burnt during the 
studied time period (2002-2014).
Fire Regime Niche Threshold LMFC (%) % Area Burnt
Temperate Eucalypt forest 160, 135 1.6
Tall Temperate Eucalypt Forest 160, 130 6.5
Temperate heath 55, 20 6.4
Tropical and subtropical pasture 20 10.7
Cropland pasture 65, 20 14.49
Temperate Eucalypt woodland 130, 45 2.5
Tropical Eucalypt forest and 
woodland

45, 15
26.9

Tropical Heath 95, 50, 20 158.2
Eucalypt savanna woodland 90, 55, 20 19.7
Temperate mallee 45 3.1
Acacia shrubland (mulga) 45 9.2
Hummock grassland 45, 20 43.5

Murphy et al (2013)

Gale et al., 2017

Fire Regime Niche



▌Some examples of current use

David Taylor (Tasmania) “ tools for out Fire Duty Officer Bushfire Operational Hazard 
Model(BOHM) “… if you were to drop a match how hot a fire would get, we use that in 
prepositioning fire crews and patrols”

Simeon Telfer (WA) “we are using it in the western part of South Australia for planning our 
burning this spring, as some areas are well below average rainfall and are experiencing more 
dramatic fire behaviour, while other areas are more like average.” 

Stuart Matthews (NSW) “this (new realise AFMS) is a huge advance in making the data useful 
for operations! 
A couple of things that stand out for me:
-Area averaged moisture deciles (which capture current incidents in NSW very well)
-Being able to see the seasonal state of grasses compared to their usual and range of values.”

Presenter
Presentation Notes
What your research has shown.
How your research is currently being applied or is intended to be applied.
The broader opportunities for your research to contribute to bushfire mitigation.



▌Towards a comprehensive Fire Danger Index
Dependent variable: Fire ignitions (date+intensity)
Drivers:
Fuel condition
• MODIS-derived LFMC (%) – 500m (Yebra et al. 2018)
Bureau of Meteorology Landscape water balance model predictions (~5km) (van Dijk, 2010)
• Top soil moisture (w0, fraction of plant available water capacity)
• Shallow soil moisture (ws)
• Deep soil moisture (wd)

Fire weather
Bureau of Meteorology daily gridded climate data (~5km):
• 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 (from 500-m to 5-km) to 2.5 km and daily time 
step.

Presenter
Presentation Notes
Fire occurrence data are available for 2003 onwards from the Geoscience Australia Sentinel Hotspots fire detection system (Geoscience Australia, 2014). The fire detections are based on detecting anomalously high surface temperatures in thermal imagery obtained by multiple satellite instruments, dominated by the two MODIS instruments in the first part of the record. 
Several caveats apply to the observations: the MODIS thermal sensor footprint and accuracy is ca. 2.5 km, which means that small and low-intensity fires may not be detected and that the exact location may not always be known. The two MODIS instruments cover the surface approximately four times each day, and therefore, there is a possibility that fires are not detected. Conversely, detected fires do not only include unplanned bushfires but also planned burns (e.g., savanna, crop residue and fuel control burning and gas flares).
A list of detected fires and their inferred temperature is downloaded annually and resampled to daily grids at 0.025° (~2.5 km) resolution as part of ANU’s Australia’s Environment report. The data are made available for visualization or download through Australia’s Environment Explorer (www.ausenv.online). Here, the maximum daily fire intensity for each pixel was transformed to binary data on fire occurrence by assuming any fire with a temperature of >80 °C could be considered a fire event.
GIS data on the location of 134 Fire Weather Areas (FWAs) across Australia was combined with data on fuel type from the Australian Flammability Monitoring System (AFMS, www.anuwald.science/afms), where three broad fuel types are distinguished: ‘grass’, ‘shrub’, and ‘forest’. This classification was developed by Yebra et al. (2018) in deriving satellite-based Live Fuel Moisture Content (LFMC) estimates available in the AFMS, based on an amalgamation of classes in NASA’s MODIS land cover product (Friedl et al., 2010). The stratification by FWA and fuel type was done to account for regional differences in fire regime, fuel type and other fire factors. Any alternative definition of regions would be possible, however (e.g., fire climate classification).
The eight predictor variables include the LFMC data, as well as indicators of soil moisture availability that correlate with live fuel and dead litter fuel, and fire weather variables (temperature, wind speed and humidity). The LFMC (in % water mass / dry leaf mass) from the AFMS is derived from MODIS satellite instrument observations and updated every four days at 500-m resolution (Yebra et al., 2018).  As indicators of soil moisture, we used the daily updated 0.05° (~5-km) resolution outputs from the Bureau of Meteorology’s Australian Landscape Water Balance website (www.bom.gov.au/water/landscape). The Australian Water Resources Assessment model (Frost et al., 2016; Van Dijk, 2010) that underpins this data service produces estimates of the relative moisture availability (0–1, scaled to a fraction of plant available water) in the topsoil (w0, 0–10 cm), shallow soil (ws, 0.1–1m) and deep soil (wd, 1–6m). While these are simulated separately for shallow- and deep-rooted vegetation, we used the publicly available grid-cell average values here. The fire weather variables were also derived from gridded data provided by the Bureau of Meteorology, including 0.05° (~5-km) daily climate grids of maximum daily temperature (Tmax, °C) and 3pm vapour pressure (VP15, hPa) and mean daily wind speed (Uavg, m/s) that are based on interpolation of station data (Jones et al., 2007). The VP15 values were not used directly but combined with Tmax and an assumed standard surface pressure to calculate relative humidity (RH, %) and vapour pressure deficit (VPD, Pa) using standard methods. All eight predictors (LFMC, w0, ws, wd, Tmax, Uavg, RH, and VPD) were resampled from their original resolution to the 0.025° and daily resolution of the fire observations. The analysis period was 2003-2017, where the start year is limited by the fire observations, and the end year by the readily available wind speed data. However, all data are updated daily, and therefore, a repeat of the methodology in future can rely on an extended dataset.



▌Evaluation example
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Presentation Notes
Example time series of (top panels) Factor Component and overall FDI for three FWAs with contrasting fire climate and fuel types, and (bottom panels) comparison of overall FDI and observed fire frequency. Time series are all calculated as averages across the vegetation type and FWA

Inspection of the calculated FCF and overall FDI time series indicated that the key variables that appear to control fire occurrence varied between fuel type and FWA (representing different fire regimes). For example, the predictive value of LFMC was quite strong for grasses and shrublands, as well as for open forests in (seasonally) drier FWAs, but less so for forests in humid regions (Fig. 3). All variables except deep soil moisture (wd) appeared to provide information on fire danger, but the inclusion of such non-informative variables does not deteriorate the overall FDI predictions, as their FCF is always (near-) unity. A visual comparison between FDI and actual fire frequency generally shows good correspondence. Fires do not always occur during high FDI conditions, as may be expected, given ignition is required. Formal verification statistics have not yet been calculated, but visually, the results show a low ‘false negative’ rate for most FWAs.



▌Future work: Bayesian Learning Networks

• Data driven approach to avoid subjective combining of fire drivers

• Derive causal relationship between variables

• Provides joint probability distribution as inferred from the data

Joint distribution

e.g. Region 42

Joint pd = p(wD)  p(Tmax) p(Uavg) p(wS|wD) p(VPD|Tmax) p(FMC|wS,VPD)
p(w0|wS,Uavg) p(RH|w0, Uavg, VPD) p(Fire|FMC,RH)
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Presentation Notes
Further research would investigate the merit of alternative statistical such as Bayesian learning  networks

For those not familiar with this approach. A Bayesian network is a directed acyclic graph in which each edge corresponds to a conditional dependency, and each node corresponds to a unique random variable. Formally, if an edge (A, B) exists in the graph connecting random variables A and B, it means that P(B|A) is a factor in the joint probability distribution, so we must know P(B|A) for all values of B and A in order to conduct inference. In the above example, since Rain has an edge going into WetGrass, it means that P(WetGrass|Rain) will be a factor, whose probability values are specified next to the WetGrass node in a conditional probability table.
 
Using the relationships specified by our Bayesian network, we can obtain a compact, factorized representation of the joint probability distribution by taking advantage of conditional independence. Here I show as an example the results for the one of the Fire weather regions of interest.



MORE https://towardsdatascience.com/introduction-to-bayesian-networks-81031eeed94e




▌Coupling Litter and soil moisture dynamics for dead FMC
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Further research would investigate the merit of alternative statistical such as Bayesian learning  networks

For those not familiar with this approach. A Bayesian network is a directed acyclic graph in which each edge corresponds to a conditional dependency, and each node corresponds to a unique random variable. Formally, if an edge (A, B) exists in the graph connecting random variables A and B, it means that P(B|A) is a factor in the joint probability distribution, so we must know P(B|A) for all values of B and A in order to conduct inference. In the above example, since Rain has an edge going into WetGrass, it means that P(WetGrass|Rain) will be a factor, whose probability values are specified next to the WetGrass node in a conditional probability table.
 
Using the relationships specified by our Bayesian network, we can obtain a compact, factorized representation of the joint probability distribution by taking advantage of conditional independence. Here I show as an example the results for the one of the Fire weather regions of interest.



MORE https://towardsdatascience.com/introduction-to-bayesian-networks-81031eeed94e




▌AFMS: Future developments:
High-resolution AFMS (<30m) Using satellite imagery from the 
Geoscience Australia Digital Earth Australia (GA-DEA) database 
pilot areas in the ACT and the Sydney Basin Region. 

• Open more opportunities for use (e.g. schedule and plan 
prescribed burns in topographic terrain)

• Facilitate the sustainability of the AFMS in the longer term, as 
we transition the current service to GAInclude 

Include our new FDI

Fire Danger forecast (using BoM ACCESS weather forecast)

Presenter
Presentation Notes
What your research has shown.
How your research is currently being applied or is intended to be applied.
The broader opportunities for your research to contribute to bushfire mitigation.



▌Thanks

Pierces Creek Fire at sunset @ Marta Yebra

Dr Marta Yebra 
Centre for Water and Landscape Dynamics
Fenner School of Environment & Society, ANU
+61-2-612 54107
marta.yebra@anu.edu.au
http://wald.anu.edu.au/
twitter: @myebra12

Web developers: Pablo Rozas Larraondo, Joel Rahman (Flow Matters)
Research Assistant: Gianluca Scortechini
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analysed the changes in flammability and FMC across fire weather districts containing several Defence Training Areas; 
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