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Research Objective 
Develop knowledge and tools for estimating 
bushfire fuel loads within semi-arid 
woodlands at the landscape and local scale 
through vegetation cover and fuel load 
relationships for the assessment and  
management of potential bushfire threats by 
land managers and fire practitioners 



Study Area 

Presenter
Presentation Notes
Within the DFES Goldfields region
Approximately 330km North East of Kalgoorlie at Anglo Gold's Tropicana Joint Venture Gold Mine
Within the Great Victoria Desert (GVD) Interim Biogeographic Region of Australia (IBRA)
A large region (418,750 km2) split 50 / 50 across both Western Australia and South Australia 
An active sand-ridge desert with marble gum (E. gongylocarpa), mulga (A. aneura spp)  and  Large-fruited Mallee (E. youngiana) over hummock grasses (T. basedowii) Source: (McKenzie 2002)
The Climate is semi arid, receiving highly variable rainfall between 200-300mm per annum with random large rainfall events occurring as the result of ex- tropical cyclones and storm fronts
The bushfire fuels are discontinuous and variable with high fuel loads under the mallee and mulga trees, lower fuel loads in the open spinifex and shrub lands, the overall canopy cover of trees and percentage cover of the spinifex and shrubs over soil are also variable
The region is almost permanently at a KBDI drought factor of 10 meaning that a 100% of the fuel is available to bushfire year round 
Knowledge gained at Tropicana could be applicable across the GVD and other bioregions




Literature Review (Samantha Travers and Angie Haslem) 

Presenter
Presentation Notes
We started by looking at the mallee component of the vegetation
A number of studies (Bradstock and Gill 1993, Clarke et al 2010, McElhinny et al 2010, Travers and Eldridge 2012) found relationships between Mallee crown cover, surface litter fuel volume and fuel age
Mean (± SE) for all tree and litter bed dimensions for both species, for sampled years since fire. The black circles represent Eucalyptus dumosa while the while circles represent Eucalyptus socialis. 
Note Litter includes items larger than 6mm but not less than 2mm
Note the similarity in litter bed area, volume, mass and canopy / crown area
Note the equalisation of litter load in kg m2 after 10 years since fire
Australian Wildlife Conservancy’s Scotia Sanctuary in south-western NSW in January 2010



Litter Bed Measurement 
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Presentation Notes
The Litter bed is the accumulated leaves, bark, twigs, fruits and other debris less than 6mm in diameter sitting above the mineral soil surface (McCarthy 2004).
Observations from this and other studies (Bradstock and Gill 1993, McElhinny et al 2010, Travers and Eldridge 2012) are that the undisturbed litter beds of mallee reflect the crown area above with the litter bed finishing at the drip line of the crown overhead
Therefore, crown area measurement can be used as a substitute for the litter bed area



Litter Bed Measurement 
= Litter depth sample point   
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Presentation Notes
The spoke crown area measurement uses the average of the four radii lengths of two cross axis perpendicular to each other within the crown area representing the longest axis and the widest cross axis at 90 degrees 
The first measurement is positioned along the longest axis of the crown transposed to ground level from one edge to the opposite edge of the crown. 
The second measurement is perpendicular to the first line through the central mass of the crown. 
The two values are divided at their intersect point into four radii and averaged to calculate crown area. (using the formula: Area = Pi (r1+ r2+ r3+ r4/4)2) 
A litter depth profile is measured along a transect of each crown radius by taking litter bed depth readings from the intersect point, midpoint and the end of each radii. 





Litter Bed Measurement 
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Presentation Notes
The field work was conducted by DFES and AngloGold Environmental Staff
A litter depth gauge is used on dry litter (to maximise leaf curl)
litter >6mm in diameter and or stones that project above the litter height are removed.
A gap is created to the soil layer large enough for the tip of the litter gauge but without disturbing the remaining litter. 
The body of the gauge is pushed down with enough subtle pressure to hold a tennis ball under water until the perimeter of the arms are in contact with the litter (Tolhurst et al 1992, McCarthy 2004, FESA and CALM 2004).




Litter Bed Measurement 

Presenter
Presentation Notes
The litter depth transects showed a trend of reducing litter depth from the crown axis intersect point to the edge of the crown a trend also observed in other studies (Bradstock and Gill 1993, McElhinny et al 2010, Travers and Eldridge 2010, 2012)
In some samples the litter depth at the midpoint was higher than the intersect of the crown radii (note sample 5). 
This was observed to be as a result of the increased depth provided by bark content in the vicinity of the mallee stems which in some cases are located closer to the crown radii midpoint than the intersect, an observation also noted by other studies (Bradstock and Gill 1993, Clarke et al 2010, McElhinny et al 2010, Travers and Eldridge 2010, 2012).




Litter Bed Measurement 
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Presentation Notes
The inner litter bed volume is calculated using the cylinder method with the height being the average litter depth from the crown spread axis intersect to the crown spread axis mid-points. 
The outer cylindrical volume of the litter bed uses the washer method calculation Volume = p (rout2 – rin2) dx , 
the washer thickness dx is the average litter depth from the crown spread mid-points to the edges of the axis where the inner crown area uses the volume of a disk formula V=pr2dx where dx is the average litter depth from the intersect point to the crown spread midpoints.




Litter Bulk Density 
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Presentation Notes
The litter bulk density or volume to weight ratio is calculated from the destructive litter samples taken at the mid-point of the longest axis for each tree
The area is stratified into high, medium and low litter load (Figure 5b) and the medium fuel load is selected for destructive sampling within a 1m2 quadrat a method known as ranked set sampling
This technique also provides alternative representative sampling options when the sample point is obstructed or disturbed



Litter bulk density is the oven dry weight of the sample in Kg 
divided by the total volume in liters (ave = 0.13 Kg/L) 

 

Litter Bulk Density 
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Presentation Notes
A strong relationship was found between litter volume and litter weight for the samples providing confidence in the ability to estimate litter weights from litter bed volume measurement.
As the sample was taken from a 1m2 quadrat the result in Kg/L is the equivalent of kg/mm of litter depth 
Can be multiplied by 10 to give tone per hectare per mm of litter depth and 1000 to provide the litter bulk density in Kg/m3 a common measurement of bulk density




Litter 
depth 
(mm) 

Forest Type 
Karri 

Dominant 
Mixed 

M., J., K. 
Jarrah 

dominant 
P. pinaster 

needle 
P. radiata 

needle 
Wandoo Mallee 

GVD 
Litter weight (tonnes/ha) 

5 3.2 2.6 2.7 2.5 2.8 4.4 7.0 
10 6.4 5.1 5.3 4.9 5.2 8.8 13.0 
15 9.6 7.7 8.0 7.4 7.2 13.2 19.0 
20 13.0 10.3 11.0 10.0 9.0 17.6 25.0 
25 16.0 13.0 13.0 12.4 10.7 22.0 31.0 
30 19.0 15.0 16.0 15.0 12.0 26.4 37.0 
35 23.0 17.0 19.0 17.0 14.0 30.0 43.0 
40 26.0 19.0 21.0 20.0 16.0     
45 29.0 22.0 24.0 22.0 18.0     
50 32.0 25.0 27.0 25.0 20.0     
55 35.0 27.0 29.0 27.0 22.0     
60 39.0     29.0 24.0     
65 42.0     31.0 26.0     
70 45.0     33.0 28.0     
80 51.0     37.0 31.0     
90 58.0     41.0 34.0     

100 64.0     45.0 37.0     

Litter Depth to Weight Ratio 

Presenter
Presentation Notes
This table uses data for litter bed volume and weight for several Western Australian forest and plantation species from Sneeuwjagt and Peet 1985 and the results from this study for semi-arid mallee (results in red were beyond the litter depth sampled in this study) 
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 Litter Depth vs Fuel Load per Forest Type 

Karri Dominant

Mixed M., J., K.

Jarrah dominant

P.pinaster needle

P.radiata needle

Wandoo

Mallee GVD

Litter Depth to Weight Ratio 
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Presentation Notes
The higher bulk density of semi-arid mallee woodland in this study compared to the other Western Australian examples is likely due to the smaller leaf particle size (cm2) of the semi-arid mallee woodland species sampled and the removal of material <6mm. 
This reduces the packing ratio (Scarff and Westoby 2006) and therefore increases the bulk density compared to the larger leaf particle size and maximum <10mm material for the forest type examples given by Sneeuwjagt and Peet 1985, however this requires further research to confirm.




Crown Area and Litter Bed Weight 
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Presentation Notes
To calculate the average litter fuel weight per m2 of crown area there must be a relationship between the crown area and litter bed weight
Comparing crown area against the litter bed volume multiplied by the average litter bulk density for the trees sampled using a linear regression showed a relationship with an R2 of 0.45 
although not a strong relationship this result shows that the relationship exists and that the R2 value may increase through further sampling and more accurate litter depth measurements




Fuel load Outside the Crown Area 

• Fuel load accumulation rates are 
unknown for the GVD.  
 

• Rainfall is the key driver of growth and 
highly variable,  fuel accumulation is likely 
to be highly variable and closely linked 
with past rainfall as well as time since fire. 

 
 
 

Presenter
Presentation Notes
Almost 100 random samples (n=93) of the surface litter and near surface grass and shrub fuels within open areas were taken in the same study area from June to August 2013
The average combined oven dry weight / fuel load for the open area was 4.72 ± 0.06 t/ha. 
The litter depth fuel load relationship for the mixed open area vegetation communities at Tropicana is close to 5t/ha oven dry weight per 10mm of litter depth.
the fuel age of most of the area unknown as there is little fire history information available
The bottom picture is of an area burnt in 2009 which represents 4 years of fuel load accumulation



20cm Spatial Resolution Red, Green and Blue (RGB) Image 
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Presentation Notes
From the fuel load measurements we have increased our understanding of the range of fuel loads present but we also need to know where they are and in what combinations
This is where aerial photography can help with Tropicana conducting annual aerial photography to monitor vegetation health as part of their environmental conditions 
In this normal colour image we can see that Mulga, Mallee, Shrubs, Spinifex and Soil are distinguishable
But we need to transform this information into something easily interpretable over large areas and measurable
This can be done through image classification




Spectral Reflectance 

Sunlight reflects  in both  the visible and  non visible wavelengths of light 
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Presentation Notes
Tropicana assesses vegetation health using the Normalised Difference Vegetation Index or NDVI which utilizes a normal RGB camera coupled with a NIR camera



The Four Bands 

The level and range of  the reflectance ‘signature’ across the four bands 
distinguishes vegetation from soil, rock, water and infrastructure. It can also 
distinguish vegetation type and health 
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Presentation Notes
Each vegetation type will have a unique combination or signature of reflectance across the four colour bands



50cm Spatial Resolution RGB and Near-Infrared (NIR) Image  
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Presentation Notes
This is a Four-Band, Colour Infra-red (CIR) or Multispectral image
The extra NIR band of information further distinguishes the vegetation types from each other and the soil
For this image Red has been replaced by the NIR Band, this is ‘False’ Colour image as we cannot see NIR
Before we purchased the ENVI software to classify the imagery Andrew Buchan and Mario Ferri of Landgate conducted a feasibility report which found that the imagery and the vegetation characteristics were suitable for classification
Due to the significant difference in the spectral signatures of the vegetation types and the simple structure of the vegetation community
The software and skills we develop in image classification will be used for other areas





Image Classification 

Regions of Interest (ROI’s) are used in programs such as ENVI to train the 
software to undertake supervised classification of images  



Green = Mallee 
Purple = Mulga 
Aqua= Shrubs 
Yellow = Spinifex 
Orange = soil 
 

50cm Spatial Resolution Classified Image  
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Presentation Notes
This is a classified image of the four-band image
Supervised classification uses the unique spectral signatures across the four colour bands for each vegetation type and soil (or class)to classify the image.
The spectral signatures for each class are obtained from training samples




Presenter
Presentation Notes
Note the village, operational area and aerodrome
The imagery was available in 5km by 5km tiles
This is the result of combining four tiles
From this image you can easily distinguish the fuel types and percentage cover across the area
As each pixel has an assigned class you can use raster statistics to calculate the average fuel load and dominant fuel type for areas of interest
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Presentation Notes
Classes can also be turned on and off to assist interpretation
In this image the soil class has been turned off



QUESTIONS? 
 
 
 

JACKSON PARKER 
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