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Executive summary
The north Australian tropical savannas extend over 1.9 million km2 of the continent and include the
northern reaches of Western Australia, the Northern Territory and Queensland. Contemporary fire
regimes across this area have significant implications for biodiversity and soil conservation, Green House
Gas emissions, carbon sequestration, pastoral production, and effects broader social issues (Russell-Smith
2009) particularly for many indigenous communities.
This report describes the development of a validated spatial vegetation fuel type dataset for around 64%
of Australia’s northern savannas (1.2 million km2) comprising that area where the rainfall exceeds the
600mm rainfall isohyet. Within this area two rainfall zones are defined corresponding to the high rainfall
zone (HRZ = >1000mm) and the low rainfall zone (LRZ = 600-1000mm).
The aim of the project was to utilise the best available and most appropriate spatial datasets to derive a
savanna-wide map of fuel types. The primary purpose for developing this dataset is for use in
Government Green House Gas Emissions Abatement programs. Specifically the dataset was developed in
accordance with the classification system in the methodology proposal for a combined high and low
rainfall Reduction of Greenhouse Gas Emissions through Early Dry Season Savanna Burning Methodology
(the methodology). To reduce barriers for uptake the map would be used by the Savanna Burning
Abatement Tool (SAVBAT) for potential proponents of savanna burning emissions abatement projects to
provide scenarios that estimate emissions abatement under the Carbon Farming Initiative (CFI) or
Emissions Reduction Fund methodology.
The savanna burning methodology provides the specification for developing a map of vegetation fuel
types. The requirement for project proponents under the methodology calls for the development of an
appropriate, consistent comprehensive spatial dataset, it defines eligible and ineligible fuel types, it
defines a maximum mapping resolution of 250 x 250 metres and stipulates the mapping must
demonstrate an accuracy of greater than 80% through standardised validation methods.
Several important considerations drove the development of this savanna-wide spatial vegetation fuel type
dataset, including the need to deliver the mapped product within six weeks from the time the project was
commissioned. The authors also focused on appropriate datasets to yield a consistently mapped and
comprehensive fuel type dataset across the savannas that would be fit for the purpose of enabling
proponents to use the dataset to assess the viability of potential savanna burning emissions abatement at
the project level. Most importantly, by applying the mapping methods, the process places the raw
mapping product along the proper trajectory, such that it can be directly extracted for a project area and
calibrated then validated as stipulated in the methodology; however users of this map must note that
there has been limited masking of cleared or actively grazed areas or areas with significant cover of
weedy or exotic vegetation..
An assessment of available vegetation mapping across the northern savannas showed that Queensland
had the only fit for purpose vegetation association mapping. In that Queensland’s Regional Ecosystem
(RE) mapping met the threshold requirements of spatial and classification resolution, consistency and
comprehensiveness. While the Northern Territory also had small areas with appropriate maps, these
datasets were not used because of their limited spatial extent. Western Australia did not have
appropriate vegetation association mapping.
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We developed spatial models for the Northern Territory and Western Australia using 30 m resolution
spatial data layers that describe the key biophysical characteristics of plant associations i.e. the presence
of persistent green cover i.e. evergreen trees and shrubs, and two key attributes of landform i.e. slope
and elevation. Computer algorithms were used to cluster areas. Classification is undertaken using the
mean values of these clusters as they apply to the fuel type class definitions given in the methodologies.
In the HRZ the relative areas of the vegetation fuel types are as follows:
s
1: hOFM (Open Forest with Mixed grasses (Tussock and Hummock)
2: hWMi (Woodland with Mixed grasses (Tussock and Hummock)
3: hWHu (Woodland with Hummock grass)
4: hSHH (Shrubland (Heath) with Hummock grass)

In the LRZ the relative areas of the vegetation fuel type are as follows:
A
s
11: lWHu (Woodland with Hummock grass)
12: lWMi (Woodland with Mixed grasses) (Tussock and Hummock)
13: lWTu (Woodland with Tussock grass)
14: lOWM (Open Woodland, with Mixed grasses) (Tussock and Hummock)
15: lSHH (Shrubland (Heath) with Hummock grass)
Note: In addition to the above, a total of 351,690 sq km is classified as being within the northern savanna area but
1
containing an ineligible vegetation fuel type .

An assessment of the accuracy of the mapped vegetation fuel types compared to on-ground vegetation
fuel type in each map zone was undertaken. A total of 2953 on-ground sites were supplied by a range of
government and non-government land management agencies for this project. That assessment was
limited to validating the accuracy of the classification in the mapping compared to on-ground vegetation
and pasture field survey datasets.
The overall results of that accuracy assessment showed north Queensland had the highest accuracies
followed by the Top End of the Northern Territory and in the Kimberley were indeterminate due to a lack
of sites during the life of the project.
The lower higher zone in north Queensland had the highest map accuracies of all six map zones with
accuracies ranging from 72% to 100%. Next highest was the high rainfall zone in north Queensland with
accuracies ranging from 38% to 93.1%. The Kappa statistics for North Queensland were 0.7454 and 0.7488
for the lower and higher rainfall zones, respectively.
The Top End of the Northern Territory had map accuracies ranging from 3% to 90% in the HRZ and 4.5% to
40% in the LRZ. The Kappa statistics for the Top End were 0.1559 and 0.0334 for the higher and lower
rainfall zones, respectively.
The Kimberley HRZ and LRZ had indeterminate accuracies ranging from 0% in the HRZ and 0.0% to 68% in
the LRZ. The Kappa statistics for the Kimberley were 0 and 0.2027 for the higher and lower rainfall zones,
1

Within the above tables percent figures relate to the fuel type as a percentage of the total eligible fuel types
within the respective zone.
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respectively. It is important to note that the validation sites used in the Kimberley yielded relatively low
levels of accuracy. Reasons for this include: the sampling designs from which these data were derived
were not representative of the vegetation landscapes; the attributes collected at sites were not a
complete match for the mapped attributes; our mapping in the Kimberley HRZ and LRZ did not have
sufficient calibration sites to train the classifier; the persistent green dataset derived from Landsat
perhaps over-estimated the foliage projective cover compared to the ground sites.
Although under considerable time constraints, this project has used best practice mapping methods
outlined in the international peer reviewed literature to produce a vegetation fuel types base map fit for
the purpose of estimating greenhouse gas emissions abatement calculations. The mapping products
provided can readily be adapted by savanna burning project proponents to meet the requirements of the
Determination.
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Introduction
Environmental features determine the type and extent of biomes and plant communities found in an area,
which in turn also drive the presence of fire. Biomass burning in savannas is recognised as a major global
source of greenhouse gas emissions (Scholes and Andreae 2000; Kondo et al. 2003). A common concern of
decision makers and land managers in these fire prone landscapes is the need for information on the
impacts of successive fires on the environment. The patterns of wildfire in the landscape are closely related
to vegetation types and antecedent rainfall (Russell-Smith et al. 2009a). Most of Australia’s tropical savanna
landscapes are characterised by a close interaction between wildfire and human initiated fire (Russell-Smith
et al. 2009b). To manage fire in different landscapes it is necessary to understand the prevailing fire regime;
frequency (or ‘betweenfire interval’), intensity, seasonality and type (namely ‘peat’ or ‘aboveground’)
(Bradstock et al. 2002) of fire. Fundamental to managing fire in the Australian landscapes is to understand
what structural vegetation types and dominant understorey fuels (grasses and litter) are present, as this
determines the vegetation fuel types.
The north Australian tropical savannas extend over 1.9 million km2 of the continent. Contemporary fire
regimes across this area have significant implications for biodiversity and soil conservation, GHG emissions,
pastoral production, and broader social issues (e.g. Russell-Smith et al. 2009a) particularly for many
indigenous communities.
Fire emissions abatement projects established in the northern savanna are predicated on the close
interaction between vegetation types and fuel type characteristics. This relationship enables researchers to
classify vegetation types in relatively homogenous fuel types based on a knowledge broad-scale area of
flammable (fire- dependent or fire-sensitive) vegetation characterised by a common suite of fuel
components and which exhibit characteristic emission responses to fire (Russell-Smith et al. 2009a). Each
vegetation fuel type is a functional grouping of structural vegetation characteristics of the dominant
overstorey tree or shrub, and with a dominant understorey ground cover characterised by a tussock or
hummock understorey or a mixture of both growth forms (Lynch et al. in press).
The Carbon Farming Initiative (CFI) methodology for savanna fire emissions abatement projects was initially
developed in the HRZ (>1000mm) of the northern savannas (DCCEE 2013). Subsequently that methodology
has been extended to the lower rainfall areas within the tropical savannas. The same methodology has been
assumed to apply, by extending the HRZ methodology into the drier savannas. This revealed obvious
differences in the number and types of vegetation and their distribution. These differences necessitated the
development of a new methodology for the lower rainfall zone.
Savanna burning emissions abatement projects provide an evidence-based approach to reducing emissions
of accountable greenhouse gases by changing fire management practices (Russell-Smith et al. 2009a). A core
requirement for implementing fire emissions abatement projects at a landscape scale under the carbon
accounting in Carbon Farming Initiative (CFI) is mapped information about the type and extent of fuel types
found in project proponent’s project areas (DCCEE, 2013). The fitness of any mapped vegetation fuel types
for a project is determined by the legislated requirements and include eligible grid size (resolution) and fuel
types (DCCEE, 2013). These requirements are also in the methodology proposal for a combined high and low
rainfall Savanna Burning Methodology.
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Prior to developing a savanna-wide spatial coverage of vegetation fuel types (this report), individual
proponents were restricted to developing a validated vegetation map as set out in the Determination before
a potential project proponent could understand if the potential project may be viable. That process
represented a considerable barrier to setting-up fire emissions abatement projects. It is envisaged in the
DotE’s Request For Proposal (this report), that proponents would have access to a comprehensive savannawide spatial coverage of vegetation fuel types across the higher and lower rainfall areas. The development of
a savanna-wide map of vegetation fuel types (this report) is envisaged to reduce the impediments for
proponents to evaluate whether their project area is a suitable fire emissions abatement project.
Suitable maps of vegetation fuel types can be derived either by reclassifying relevant maps of vegetation
associations or by modelling surrogates of vegetation fuel types using biophysical and remotely sensed
spatial datasets of structural vegetation (Lynch et al. in press).
Available mapping of vegetation associations across northern Australia are not available at a landscape scale,
except for north Queensland and small areas of the Northern Territory (Thackway et al. 2008, Fig 8.5 and
Figure 1). Vegetation mapping across Western Australia and most of the Northern Territory is available only
at a regional scale, which renders these maps too generalised for use in implementing fire emissions
abatement projects.
An alternative to reclassifying available maps is to generate surrogate maps of vegetation fuel types.
Edwards and Russell-Smith (2009) used eCognition’s standard Nearest Neighbour (NN) classifier algorithm in
Definiens Imaging (2004) to generate a land cover class map for the whole of the Arnhem Plateau region.
Four vegetation fuel types were defined as eligible for inclusion; open forest, woodland, sandstone
woodland, and sandstone heath. This approach would seem to offer a practical solution to mapping
vegetation fuel types across Western Australia and the Northern Territory. Several areas within the northern
savannas have been mapped using this approach including, central and western Arnhem Land, the north
Kimberley, areas of the NT Gulf including Robinson River and the Nicholson Block (Figure 1).
This report presents the approaches used to generate a map of these vegetation fuel types across the
northern savannas. The DotE’s Request for Proposal for this project defined a list of the vegetation fuel types
(Table 1) to be mapped across the higher and lower rainfall zones of the northern savannas.

Figure 1. Map showing the extent of existing vegetation fuel type maps in the northern savannas.
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Method
The specification for fuel type classification and mapping
The client, the DotE, defined the specification for developing a map of the vegetation fuel types for the
higher and lower rainfall zones in the northern savannas (Table 1).
Table 1. GeoTIFF format (version 1.1)
Image Format
Georeferencing information
Image File Extension
Projection
Upload Format
Grid Size (Resolution)
Pixel values high rainfall zone

Pixel values low rainfall zone

8-bit palette GeoTIFF
Embedded in GeoTIFF tags
.TIF
GDA_1994_Albers (EPSG:3577)
Single TIF file (No ancillary files required or allowed)
250m x 250m
Pixels must have the following values depicting the relevant vegetation fuel type:
0: Pixel is within the project area but contains an ineligible vegetation fuel type
1: hOFM (Open Forest Mixed)
2: hWMi (Woodland Mixed)
3: hWHu (Woodland Hummock)
4: hSHH (Shrubland Hummock)
255: NODATA (i.e. pixel is outside the project area)
Pixels must have the following values depicting the relevant vegetation fuel type:
0: Pixel is within the project area but contains an ineligible vegetation fuel type
11: lWHu (Woodland with Hummock grass)
12: lWMi (Woodland with Mixed grass)
13: lWTu (Woodland with Tussock grass)
14: lOWM (Open Woodland, with Mixed grass)
15: lSHH (Shrubland (Heath) with Hummock grass)
255: NODATA (i.e. pixel is outside the project area)

Classification and descriptions of Vegetation Fuel Types
Vegetation fuel types for the northern savannas are essentially structural vegetation groups. The dominant
stratum is the growth form with the greater biomass and a major delineating component of the fuel type, as
it affects the proportion and accumulation of ground fuel components. Russell-Smith et al. (2009), Edwards
and Russell-Smith (2009) and Lynch et al. (in press) have each assumed that the upper woody strata combine
to describe an over storey structural group (i.e. Open forest, Woodland, Open Woodland). It is important to
note here that the upper strata is defined by woody stems, denoted as ‘trees’, with a diameter at breast
height (DBH) > 5 cm (Edwards & Russell-Smith 2009). All other woody vegetation with DBH < 5 cm are
denoted as ‘shrub’ fuels, and includes single and multi-stemmed shrubs, and young tree species. Further
delineation of woody structural types is determined by differentiating an Acacia from a Eucalypt dominant
over storey species. The other major delineating component of the fuel type is growth form in the lower
stratum. The lower stratum is usually dominated by graminoids, which provide significant input to the fine
fuel component. Fuel accumulation is then associated with each unique fuel type as delineated by the above
characteristics. These core attributes describe the structure and composition of fire prone plant
communities and essentially correspond to the National Vegetation Information System (NVIS) Level IV
(ESCAVI 2003).
The DotE’s Request for Proposal for a map of vegetation fuel types included Mandatory Vegetation Fuel
Types for the HRZ , as defined in the current CFI methodology (DCCEE 2013) and given in Table 1. Fuel types
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(Lynch et al. in press) for the LRZ (600-1000mm and less than 15mm in the driest quarter of the year) are
given in Table 1. Table 2 lists all Vegetation Fuel Types that were subsequently mapped across the Tropical
Savannas.
The proposed methodology defines nine vegetation fuel types across the northern savannas (Table 2); four
eligible fuel types in the high rainfall zone and five in the lower rainfall zone. While some of the same fuel
type are shared in common across the two rainfall zones (e.g. WMi: Woodland with Mixed grasses - Tussock
and Hummock), a separate and unique fuel type label was ascribed to denote the rainfall zone the fuel type
occurred in, as fuel accumulation differs between rainfall regions, which is given in the proposed
methodology. While acknowledging that the vegetation fuel types are unique in the two rainfall zones,
colours are used here to highlight the same vegetation fuel types that are common between the rainfall
zones.
Table 2: Vegetation fuel types in the two rainfall zones

High rainfall zone (>1000 mm)
1: hOFM (Open Forest with Mixed grasses (Tussock and Hummock)
2: hWMi (Woodland with Mixed grasses (Tussock and Hummock)
3: hWHu (Woodland with Hummock grass)
4: hSHH (Shrubland (Heath) with Hummock grass)
Low rainfall zone (600-1000 mm)
11: lWHu (Woodland with Hummock grass)
12: lWMi (Woodland with Mixed grasses) (Tussock and Hummock)
13: lWTu (Woodland with Tussock grass)
14: lOWM (Open Woodland, with Mixed grasses) (Tussock and Hummock)
15: lSHH (Shrubland (Heath) with Hummock grass)

The authors, in consultation with, and with the agreement of the client, have used the list of vegetation fuel
types (Table 2) to develop maps of the distribution of these vegetation fuel types for each mapped zone
shown in Figure 2.
Descriptions of eligible vegetation fuel types
The following section provides a brief description of the eligible vegetation fuel types. More complete
descriptions of these fuel types are presented in Lynch et al (in press). Landforms and substrate descriptions
are provided here because of the process used to derive surrogates vegetation fuel types in WA and NT,
which primarily relied on slope and elevation (i.e. landform) and the calculation of persistent green
vegetation.
Appendix 2 presents a tabular description of the vegetation fuel types found in the two rainfall zones.
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High rainfall zone (>1000 mm)
Vegetation fuel
Photo of typical vegetation association
types
hOFM (Open
Picture: Lynch et al (in Press)
Forest with
Mixed grasses
(Tussock and
Hummock)

hWMi
(Woodland with
Mixed grasses
(Tussock and
Hummock

hWHu
(Woodland with
Hummock grass)

Picture: Lynch et al (in Press)

Picture: Lynch et al (in Press)

Landform and
substrate
Well drained deep
soils, often sandy
loams

Found on various
situations including
undulating to hilly
landtypes on
imperfectly to well
drained sites with
shallow soils.

Found on rocky
shallow soils
derived typically
from sandstone
(quartzite); also
lateritic hills and
plateau.

Picture: Lynch et al (in Press)
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hSHH (Shrubland
Hummock
grasses)

Found on sand
plains often over
laterite, or rocky,
shallow substrates
derived from
sandstone

Picture: Lynch et al (in Press)
Low rainfall zone (600-1000 mm and less than 15mm in the driest quarter)
Vegetation fuel
Photo of typical vegetation association
Landform and
types
substrate
lWTu woodland
tussock grassland
Generally deep
well drained soils
to those with
impeded drainage,
typically on flat to
undulating
landtypes with
fertile volcanic
derived substrates.

lWMi woodland
mixed grassland

Picture: Lynch et al (in Press)

Found on a range
of upland
landforms from
undulating plains
to low hills.

Picture: Lynch et al (in Press)
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lWHu woodland
hummock
grassland
Found on rocky
shallow soils
derived typically
from sandstone
(quartzite); also
lateritic hills and
plateau.

Picture: Lynch et al (in Press)
lOWM open
woodland mixed
grassland
Found on scarps
and plateaux, steep
hills, and stony
undulating rises
and plains.

lSHH shrubland
hummock
grassland

Picture: Lynch et al (in Press)

Found on sand
plains often over
laterite, or rocky,
shallow substrates
derived from
sandstone.
Undulating plains,
stony rises & lower
slopes.

Picture: Lynch et al (in Press)
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Descriptions of ineligible vegetation fuel types
The following section provides a brief description of the ineligible vegetation fuel types. Ineligible areas
include: Grassland - Open Woodland, with Tussock grassland; Tussock grassland; and Acacia tall woodland.
Vegetation fuel types Photo of typical vegetation association
Landform and substrate
Grassland - Open
Woodland, with
Tussock grassland
Generally well drained
deep soils to those with
impeded drainage,
typically on flat to
undulating landtypes with
relatively fertile soils with
high clay content

Tussock grassland

Picture: Lynch et al (in Press)

Generally well drained
deep soils to those with
impeded drainage,
typically on flat to
undulating landtypes with
relatively fertile soils with
high clay content

Acacia tall woodland

Picture: Lynch et al (in Press)

Shallow gravelly soils on
low hills, rises and scarps.

Picture: Lynch et al (in Press)
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Descriptions of ineligible areas
The following section provides a brief description of the eligible land cover types including: water bodies and
swamps; coastal clay plains, bare areas and mangroves; and wetlands.
Water bodies and
Swamps

Coastal clay
plains, bare areas
and mangroves

Picture: Lynch et al (unpublished)

Picture: Lynch (unpublished)
Wetlands

Picture: Lynch (unpublished)
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Mapping Vegetation Fuel Types
The aim of mapping the Vegetation Fuel Types was to delineate and describe homogeneous areas
across the savannas representing the spatial distribution of the list of Vegetation Fuel Types
described in Table 2.
Initial scoping of the mapping project
The capacity to generate a map of vegetation fuel types depends on the availability of appropriate,
consistent comprehensive savanna-wide spatial datasets to meet this specification. Relevant
datasets include: vegetation, biophysical and other environmental and remotely sensed data sets.
Input datasets must have been produced at a classification scale and spatial resolution that is either
equal to, or preferably finer than, the fuel type product required.
The input level of detail required in the classification of vegetation associations must be at least at
the detail of NVIS level IV in order to allow reclassification of vegetation into structural vegetation
classes that can be used to accurately derive vegetation fuel types.
One, of the three jurisdictions covering the northern savannas, Queensland had the only complete
and up-to-date coverage of vegetation associations mapping that meet the scale requirement of the
current and proposed Determination (Figure 1 and Table 1).
Available vegetation associations mapping for the NT and WA were too coarse to meet the
requirement (Table 1). To address this the authors initially proposed to generate surrogate
vegetation fuel types from the national Dynamic Land Cover Dataset (derived from MODIS EVI at 250
m resolution) (Lymburner et al. 2011). However while that dataset was consistent and
comprehensive across Australia’s savannas; and it was validated and published, it only partially meet
the requirement of the Determination. That dataset only provided an NVIS level I classification and
would have to be augmented by descriptions of vegetation overstorey and understorey (equivalent
to NVIS IV) available from land system mapping in the NT and WA. At the proposal stage of the
project, the authors acknowledged that there would be an obvious difference in the spatial
resolution of the final map of vegetation fuel types between Queensland and the surrogate mapping
of fuel types in NT and WA and this was accepted by the client.
However at the commencement of the project, there was a major opportunity to deliver a much
finer resolution map product in the NT and WA by using newly available 30m resolution spatial
coverages derived from remotely sensed datasets (i.e. digital terrain model and persistent green
vegetation). That product, to be developed for NT and WA, would provide a spatial resolution
equivalent to the Queensland mapping. Based on these reasons the authors proceeded to
implement the enhanced method for NT and WA.
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Map zones
Six map zones were defined in Figure 2 to provide a basis for partitioning sub-projects for
mapping/modelling of vegetation fuel types. These map zones represent a pragmatic and practical
solution for handling three jurisdictions and two rainfall zones within which different datasets
provide the best available consistent and comprehensive source datasets for each map zone.

Figure 2. Six map zones showing the higher rainfall zone (HRZ ) and the lower rainfall zone
(LRZ) in each jurisdiction.
The mapped zones were processed separately and due to time constraints were not edge-matched.
This is not critical between states as proponent project areas do not cross state and territory
boundaries. The boundary between the HRZ and LRZ also reflects the change in vegetation fuel type
classification.
We derived maps of Vegetation Fuel Types using two approaches:
1. Reclassifying fit for purpose vegetation maps of plant associations, and
2. Modelling potential vegetation fuel types using biophysical data layers and ground
calibration points to approximate the likely distribution of vegetation types in homogeneous
map units.
We used the first of these approaches to derive Vegetation Fuel Types in both the higher and lower
rainfall zones in north Queensland and we used the second method to derive maps of surrogate
vegetation fuel types in the HRZ and LRZ in the Northern Territory and Western Australia. The
second approach is necessary where the existing vegetation maps have been produced at a
classification scale and spatial resolution that is too coarse to satisfy the specification required for
the SAVBAT (Table 1). This was the case in the Northern Territory and Western Australia.
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These two approaches are described below.
Reclassifying fit for purpose vegetation maps
The following steps were used for the HRZ and LRZ respectively:
1. Download Regional Ecosystems (RE) 2 Data from Queensland Government Spatial Data web
site and unzip
2. Unzip and clip the RE Data to the separate High and Low Rainfall Zones
3. Re-project RE Data to GDA_1994_Albers (EPSG:3577)
4. Reclassify the RE classes based on structural and understorey descriptions appropriate to the
proposed methodology’s Vegetation Fuel Type
5. Join the re-classification table to the spatial data based on the RE code
6. Re-classify the resultant spatial dataset to integer values as required by SavBAT.
Regional ecosystems in Queensland are divided across a biogeographic regional framework. The
major bioregions that make up the HRZ and LRZ project areas in QLD include North West High lands,
Cape York Peninsula, Gulf Plains and Einasleigh Uplands bioregions (for detailed definitions refer to
http://www.ehp.qld.gov.au/ecosystems/biodiversity/regionalecosystems/regional_ecosystem_framework.html). RE descriptions including RE subunits occurring
within these bioregions were downloaded from the RE data base resulting in greater than 3000 RE’s.
The RE’s were reattributed at the sub-unit level to account for the variation within the each RE and
coded according to either the HRZ or LRZ classification in which they occur.
The re-attribution process was straight forward for clearly distinguished units just using the RE
description and a step wise process for others. The steps included attribution of the RE unit with
structure, life form floristic and substrate. Instances where the unit required further clarity then
reference was made to CORVEG data. The CORVEG data includes the Queensland Herbarium’s site
survey database.
The RE mapping includes heterogeneous polygons which are attributed with the proportion of the
five dominant RE’s that occur. The percentage of the area of the polygon occupied by each RE is a
separate attribute (Nelder et al 2012). Therefore when calculating the final vegetation fuel types for
each polygon the percentage of RE within each polygon must be taken into account. The Look up
Table (LUT) is run over each of the five RE proportional fields to assign a fuel type code. Then the
percentage area is summed for the REs which are coded as eligible fuel types. Finally where the area
of a polygon is dominated by an eligible fuel type it is subsequently coded as such and included in
the fuel type map. All REs with less than half the area of eligible Fuel type are classed as NA.
Modelling potential vegetation fuel types
Three nationally consistent spatial data layers, which are particularly relevant to mapping
vegetation, were used in the derivation of a vegetation fuel type map. These medium/high
resolution (30 m) datasets included the Shuttle Radar Topography Mission (SRTM) digital elevation
2

Regional Ecosystem mapping in Queensland
(http://www.ehp.qld.gov.au/ecosystems/biodiversity/regional-ecosystems/maps/ ).
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data and terrain derivatives (Gallant et al. 2011) and the calibrated and standardised estimate of
plant foliage projective cover (Persistent-Green) derived from Landsat for the period 2000-2010
(AUSCover 2013). The Persistent Green dataset provided a median foliage projective coverage of the
woody component of the spectral signal of the vegetation. The Persistent-Green data provides
significant potential for the rapid resolution of cover attributes through raster re-classification in
accordance with the NVIS cover categories at a scale and spectral sensitivity useful for the derivation
of a vegetation fuel type map.
We used eCognition Developer 8.6 object orientated image analysis (OBIA) segmentation algorithms
to generate polygons of vegetation fuel types for the Northern Territory and Western Australia. A
two stage process was used to classify the maps of the vegetation fuel types in each map zone:
1. Segmentation to define homogeneous map units based on three input datasets.
a. Persistent-Green (AUSCover 2013)
b. Slope (CSIRO based on SRTM)
c. Elevation (CSIRO based on SRTM)
2. Stratification into broad land classes to enhance classification of structural vegetation
map units using SRTM data and land systems mapping.
The best available geomorphological mapping available is the Land systems mapping for the
Northern Territory (http://www.lrm.nt.gov.au/nrmapsnt) and Western Australia (Payne &
Schoknecht, 2011). This mapping is complete at a scale of 1:250,000 except for the lower middle
portion of the Northern Territory LRZ.
eCognition has two advantages; firstly the automatic segmentation of the Persistent-Green, slope
and elevation into object features (groups of contiguous pixels) based on homogeneity within
defined parameters of area and weighting of this base data. Secondly, is the ability to incorporate
expert knowledge of landscape patterns in the setting of parameters when processing. These
processes were iterative, with the mapper stopping at suitable scales of segmentation that were not
too detailed, whilst avoiding under-segmentation which gives subsequent classification errors such
as multiple class objects. Field knowledge and site data were used to visually recognise suitable
patterns and anomalous results.
The supervised classification is based on the set of resultant mean feature attributes derived for
each class from the underlying base data. The mean ranges for different classes are calibrated with
site data, aerial photography where available and expert knowledge. It is important to note that
absolute values of ‘Persistent Green’ were not applied in the classification; rather they were
calibrated using available data and the expert knowledge of one of the authors (D Lynch).
Stratification into land classes was undertaken using available digital elevation data and land system
mapping describing geomorphology, soil type, landform, vegetation and substrate. This is
particularly useful in distinguishing understorey graminoid dominants using known associations
between vegetation communities and land types.
Patterns that were easily distinguished were classified using membership functions or threshold
classifiers. Known non-eligible classes were classes as NA including water bodies, clearing, bare areas
and distinct vegetation types such as floodplains and mangroves early in the classification process.
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The automatically classified mapping was imported into GIS ArcMap software
(http://www.arcgis.com/en/arcgisdesktop/10.0/) for further analysis of unclassified areas and
ineligible areas using available ancillary mapping. Water course data was intersected to identify
perennial river systems and other watercourses and levees in the different land classes. This is
particularly relevant where the drainage vegetation is extensive and markedly different from the
surrounding areas. Datasets used in the mapping process are listed in Table 3.
Table 3. Datasets used in this project
Data name

use

Type

extent

Persistent Greenvegetation Fraction and
Wooded Mask - Landsat,
Australia Coverage
Kimberley AWC Data

base data
calibrate

raster
point data

Australia
WA

Source
AUSCOVER
http://www.auscover.org.au/x
wiki/bin/view/Product+pages/
Persistent+GreenVegetation+Fraction
AWC

calibrate
calibrate

point data
point data

NT & WA
NT

DCBR
DCCE, DCBR

calibrate

point data

WA

landsystems WA

stratify

ESRI shape

WA

DCBR
Department of Agriculture and
Food WA (Payne & Schoknect
2011).

landsystems NT top end
250:000

stratify

ESRI shape

NT

landsystems NT top end
1m

stratify

ESRI shape

NT

landunits VRD 1:100000

stratify

ESRI shape

VRD - NT

Lancewood Survey,
Melaleuca Survey
Watercourse data

mask
mask

ESRI shape
ESRI shape

NT
Australia

NT & Kimberely fireplot
field data
other plot field data
aerial transect geolocated
digital photos 2012

SRTM

DLRM
http://www.lrm.nt.gov.au/nrm
apsnt

Geoscience Australia
http://www.ga.gov.au/

Base data Raster
WA NT
DCBR Darwin Centre for Bushfire Research, Charles Darwin University
DCCE Department of Climate Change & Environment, Australian Government
DLRM Department of Land Resource Management, NT Government

Masking out non-eligible fuel types and areas
Areas outside the project area were masked at the beginning of the processing. Other excluded
areas including clearing and non-eligible vegetation fuel types (e.g. mangroves, Acacia woodlands,
and tussock grasslands)that were identified were classified as ‘not applicable’. Not all ineligible areas

www.auricht-projects.com

P a g e | 14

A vegetation fuel type map for Australia’s northern savannas
were masked out, due to time constraints and limited data. Areas including those dominated by
exotic ‘weedy’ vegetation, intensively grazed areas or clearing have not been mapped within the
time frame for this project. There is some mapping available to help identify these areas from State
and Territory agencies but not all is current. It is up to project proponents to recognise the extent of
ineligible areas across their project area and adjust mapping accordingly
Brief descriptions of ineligible vegetation fuel types and ineligible areas were presented above in the
section Classification and descriptions of Vegetation Fuel Types. More complete descriptions of noneligible fuel types and areas are presented in Lynch et al. (in press).

Producing the SAVBAT GeoTIFF files
Shapefiles of the vegetation fuel types base map were converted to geoTIFF to conform to the DotE
GeoTIFF standards i.e. 250 x 250 m pixels, values based on the classification scheme from the
methodology, 8-bit unsigned integers, Australian Albers GDA94 geo-referencing information (EPSG:
3577) embedded in the file, file extension is *.tif) as given in Table 1. A single tif was created for each
map zone. They were merged in Arcmap. The edges of adjoining edges between maps were
expanded by a pixel, overlayed and checked against the rainfall region boundaries to determine
there were no pixels missing, nor overlaying the boundary edges.

Accuracy assessment
The aim of the accuracy assessment was to determine the spatial accuracy of the classification i.e.
how well did the mapped Vegetation Fuel Types (version 1) match fuel types recorded at field sites.
Standard spatial error assessments (Congalton 1991) were undertaken to provide an overall map
zone accuracy, the accuracy of the vegetation fuel types and the Kappa Statistic where there was
sufficient validation site data Kappa value over 0.75 are excellent, 0.40 to 0.75 as fair to good, and
below 0.40 as poor(Fleiss 1981).
The accuracy assessment did not determine the relevance and meaning of the Vegetation Fuel Type
labels, nor the relative number of the Vegetation Fuel Type labels (classes).
Sources of vegetation fuel type validation field survey data
It should be noted that no new validation site data we collected to assess the accuracy of the
Vegetation Fuel Type map. Rather available datasets which included information about the
dominant overstorey growth form (i.e. tree or shrub) and dominant understorey growth form (i.e.
tussock, hummock and mixed), the foliage cover of the overstorey and understorey (dense, open,
sparse and isolated), dominant species associated with understorey growth form (i.e. tussock,
hummock and mixed). As a result some of these datasets had characteristics which affected their
fitness for purpose. In addition, some datasets were not representative or comprehensive of the
vegetation fuel types known to occur across the landscapes.
Validation site datasets were supplied by State and Territory government and non-government land
and vegetation management agencies for use in this project. Site records within each data set were
reviewed and regarded as relevant and appropriate, where each site record included the following
fundamental fuel-related attributes:
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1.
2.
3.
4.
5.
6.
7.

Latitude
Longitude
Date the site was surveyed
Overstorey dominant species
Overstorey structural formation (equivalent to NVIS III)
Understorey dominant species
Understorey structural formation (equivalent to NVIS III)

Table 4 shows a list of the validation datasets supplied for use in this project.
Table 4. List of validation datasets used in this project.
Jurisdiction
Data sources
Queensland Government Queensland Herbarium, Brisbane
Western Australia
Department of Environment and Conservation, Perth
Australian Wildlife Conservancy
Kimberly Land Council
Indigenous Land Corporation
Northern Territory
Northern Territory herbarium, Darwin
Pre-processing the field survey data
Datasets were exported from their native format into MS Excel spreadsheets for ease of processing.
Site records with the datasets were classified into the same vegetation fuel types as the mapped
vegetation fuel types. For each site record this involved assigning dominant overstorey and
understorey vegetation fuel types based on the vegetation descriptions for each record (site) in a
dataset.
The following is a general description of this process:
1. classify available data into a structural formation for the overstorey based on growth form
(e.g. tree or shrub) and canopy cover /foliage projective cover (e.g. 10-30%)
Example: Woodland = W
2. classify available data into a structural formation for the understorey based on growth form
(tussock grass, hummock grass or other) and ground cover /foliage projective cover (30-70%)
Example: Hummock grassland = Hu
3. combine the overstorey and understorey structural formations to create a fuel type
Example: WHu
4. define which vegetation fuel types are eligible and those which are ineligible and reclass as
NA
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Example: LOW Tu = Ineligible

Validation sites were plotted using ArcGIS to check their geographical and classificatory spread and
their spatial coincidence with the mapped vegetation fuel types within each mapped zone. Figure 3a
shows an example of the mapped vegetation fuel types and the corresponding spread validation
sites for a sample area in the north Queensland map zone. For illustration purposes similar colours
were allocated to mapped fuel zone classes and validation sites to enable visual assessment of the
similarities between the two datasets. In addition, the two datasets were saved as Google earth kmz
files to enable the authors to quickly compare the mapped vegetation types with patterns observed
in the Google earth imagery. Figure 3b shows an example of a pop-up form which was used to
compare the classification of vegetation fuel types in the mapped fuel type dataset with the fuel
types in the validation dataset.

Figure 3. Example of the visualisation and checking used in each map zone prior to undertaking
the accuracy assessment. The figure shows the mapped vegetation fuel types and the
corresponding spread validation sites. An identify pop-up is also shown. These were used to
compare the classification of vegetation fuel types in the mapped fuel type dataset with the fuel
types in the validation dataset.
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Analysis
2953 field validation sites were used in the accuracy assessment.
The accuracy assessment was undertaken separately for each map zone. The relative accuracy of the
vegetation fuel types map in the six map zones compared to the on-ground survey records were
compiled into a cross-tabulation table. This enabled the calculation of the overall mapping accuracy
and the Kappa statistic.
Stakeholders Workshop
A stakeholder workshop was convened at the Charles Darwin University on the 18-19 June to review
and agree on the method for deriving a validated vegetation fuel types map product across the
northern savannas. Representatives included key staff from The Darwin Centre for Bushfires
Research, The Northern Territory Government, The Australian Wildlife Conservancy, and the
Australian Government. The draft workshop program is presented in Appendix 1.
The outcome of that workshop was an agreement to apply two standardised methods;
reclassification of existing vegetation association mapping in Queensland and deriving surrogate
vegetation fuel type maps in Northern Territory and Western Australia.

Results
Mapped vegetation fuel types
Figure 4 shows the vegetation fuel types across the northern savannas and the partitioning of the
HRZ and LRZ map zones. Figure 4 shows similarities and differences in the fuel types across the (HRZ
and LRZ. NB: the same vegetation fuel type does occur in both the HRZ and the LRZ and these types
are assigned unique labels for the purpose of assessment and accounting.

Figure 4. Map of vegetation fuel types across northern Australia.
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Figure 4 shows the mapped extents of the four vegetation fuel types across the HRZ and LRZ of
Australia’s northern savannas. The total area of mapped fuel types is 1,183,626 sq kms. It should be
noted that six map zones are depicted in Figure 4, with two map zones in each of the jurisdictions,
these zones and their associated vegetation fuel types are listed in Table 3.
To assist the reader interpret the Figure 4 separate figures showing the map zones and vegetation
fuel types are presented for each jurisdiction as follows; Kimberley (Figure 5), Top End (Figure 6) and
north Queensland (Figure 7).
A metadata record for the spatial dataset is presented in Appendix 3.
Figure 5. Map of vegetation fuel types in Kimberley HRZ and LRZ map zones
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Figure 6. Map of vegetation fuel types in Top End HRZ and LRZ map zones
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Figure 7. Map of vegetation fuel types in north Queensland HRZ and LRZ map zones

Fuel types in the HRZ
Table 5 shows the total area of the HRZ is 471,300 sq kms. The largest area of mapped fuel types in
the HRZ is hWMi (Woodland Mixed grass understorey) with 221,509 sq kms (47.0%) of the total area
of the three jurisdictions. Most of the area of hWMi occurs equally in the Northern Territory and
North Queensland.
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Table 5. The areas of the map zones and fuel types in each map zone
North Queensland
Sq kms
%
Nth Qld HRZ map zone

Vegetation fuel types
High rainfall zone (>1000 mm)
1: hOFM (Open Forest Mixed)
2: hWMi (Woodland Mixed)
3: hWHu (Woodland Hummock)
4: hSHH (Shrubland Hummock)
NA or 0: ineligible vegetation class
Sub-total
Low rainfall zone (600-1000 mm)
11: lWHu (Woodland with Hummock grass)
12: lWMi (Woodland with Mixed grass)
13: lWTu (Woodland with Tussock grass)
14: lOWM (Open Woodland, with Mixed grass)
15: lSHH (Shrubland (Heath) with Hummock grass)
NA or 0: ineligible vegetation class
Sub-totals
Totals

7,475
3.7%
95,946
46.9%
5,848
2.9%
9,318
4.6%
85,912
42.0%
204,499
100%
Nth Qld LRZ map zone
1,541
4,536
96,701
14,916
5,277
98,203
221,174
425,673

0.7%
2.1%
43.7%
6.7%
2.4%
44.4%
100%

Mapped zones
Top End, NT
Kimberley, WA
Sq kms
%
Sq kms
%
Top End HRZ map zone
Kimberley HRZ map
zone
59,819
29.9%
1,820
2.7%
100,503
50.2%
25,060 37.7%
9,488
4.7%
26,935 40.5%
9,217
4.6%
6,946 10.8%
21,227
10.6%
5,784 10.4%
200,255
100%
66,546
100%
Top End LRZ map zone
Kimberley LRZ map
zone
2,125
0.7%
13,322
7.1%
53,624
17.7%
13,283
7.1%
15,723
5.2%
8,263
4.4%
134,442
44.3%
61,226 32.8%
34,084
11.2%
14,022
7.5%
63,566
20.9%
76,701 41.1%
303,563
100%
186,817
100%
503,818
253,363
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Totals
Sq kms

%

69,114
221,509
42,271
25,481
112,923
471,300

14.7%
47.0%
9.0%
5.4%
24.0%
100%

16,988
71,443
120,687
210,584
53,383
238,470
711,554
1,182,854

2.4%
10.0%
17.0%
29.6%
7.5%
33.5%
100.0%
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Fuel types in the LRZ
Table 5 shows the total area of the LRZ is 711,554 sq kms. Most of the area of LRZ is equally shared
by area between the Northern Territory and North Queensland.
Table 5 shows the largest area of mapped fuel types in the LRZ is lOWM (Open Woodland, with
Mixed grass) with 210,584sq kms (17.8%) of the total area of the three jurisdictions comprising the
lower rainfall zone. Most of the area of lOWM occurs in the Top End and the Kimberley.

Accuracy assessment
Figure 8 shows the extent of validation sites that were selected from the various validation datasets
available for the accuracy assessment. Table 4 shows the custodian sources of the selected
validation sites that were used in the accuracy assessment.

Figure 8. Validation sites used to evaluate the classification accuracy of the mapped vegetation
fuel types in each map zone.
Table 6 presents the accuracy assessment between the six map zones and the respective Vegetation
Fuel Types (version 1) datasets. Table 6 shows that in different jurisdictions and for different fuel
types there are relatively high levels of accuracy in the Vegetation Fuel Types (version 1).
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Table 6. Accuracy assessment between the six map zones and Vegetation Fuel Types (version 1) dataset
Vegetation Fuel Types classes

Vegetation Fuel Types (version 1) dataset
North Queensland
Top End
Kimberly
Sites
% accuracy
Sites
% accuracy
Sites
% accuracy

High rainfall zone (>1000 mm)
1: hOFM (Open Forest Mixed)
2: hWMi (Woodland Mixed)
3: hWHu (Woodland Hummock)
4: hSHH (Shrubland Hummock)
Total number of sites
Kappa statistic
Low rainfall zone (600-1000 mm)
11: lWHu (Woodland with Hummock grass)
12: lWMi (Woodland with Mixed grass)
13: lWTu (Woodland with Tussock grass)
14: lOWM (Open Woodland, with Mixed grass)
15: lSHH (Shrubland (Heath) with Hummock grass)
Sub-total number of sites
Kappa statistic
Total number of sites

119
102
26
551
798

81.5%
81.4%
38.5%
93.1%

259
931
32
63
1285

0.7488
99
18
18
36
367
538

76%
100%
72%
72%
91%

0
3
26
0
0
26

0.1559
16
5
32
160
22
235

0.7454
1336

13%
90%
41%
3%

25%
40%
40.6
29.4%
4.5%

378
1059
58
614
2109

NA
0
11
21
27
12
71

0.0334
1520

NA
Subjective
NA

Total number
of sites

0%
4
30.4%
5
35.4%
0%
0%

115
34
71
223
401
844

NA
97

2953

3

10 sites were provided from the Australian Wildlife Conservancy and 16 sites from the Western Australian Government
Validation sites are assumed to represent lWMi (Woodland with Mixed grass). NB: Overstorey description was absent from the validation dataset
5
Validation sites are assumed to represent lWTu (Woodland with Tussock grass). NB: Overstorey description was absent from the validation dataset
4
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Users of this map product (Figure 4) must note that there are several components which have not
been fully incorporated in this production including the following areas; cleared; actively grazed or
with a significant cover of weedy or exotic vegetation.
Queensland
The accuracy assessment of the North Queensland higher and lower rainfall map zones showed a
high level of accuracy. The overall Kappa statistics were 0.7488 and 0.7454 for the higher and lower
rainfall map zones respectively. This result indicates that the mapping of the vegetation fuel types
can be used without any additional calibration sites being necessary. Validation for individual project
areas still needs to be undertaken.
Northern Territory
One dataset was used to assess the accuracy of the vegetation fuel types in the higher and lower
rainfall map zones; the Northern Territory RAVS site-based database. Sites in this dataset were
collected and compiled from field survey sites primarily for the purpose of floristic mapping. Many
records in this dataset met the minimum standard for selecting validation site data.
The accuracy assessment of the Northern Territory higher and lower rainfall zones showed a lower
than expected level of accuracy between the mapped vegetation fuel types and validation sites. The
overall Kappa statistic was 0.1559 and 0.0334 for the higher and lower rainfall zones, respectively.
The reasons for the lower than expected levels of accuracy were two. Firstly, the mapped vegetation
fuel types appear to consistently overestimate the foliage projective cover compared with the sitebased vegetation fuel types. This observation is consistent with the observation made by Nick Cuff
and Peter Brocklehurst referred to by Lynch et al. in press. The apparent overestimation of the
persistent green dataset can be rectified by recalibrating the Northern Territory map zones. This is
possible with more time refine the stratification of geomorphological land types and calibration of
the map units. Calibration would benefit from more samples from across the map zones and within
all major land types stratified. Reliable available vegetation mapping could be incorporated in the
calibration process.
Second, the lower than expected levels of accuracy can be explained by inconsistent classification of
the dominant species in the ground layer validation sites. A careful examination of the relationship
between mapped vegetation fuel types and the validation sites sourced from the Northern Territory
RAVS site-based database showed regular inconsistencies between the mapped fuel types and the
assignment of fuel type. The validation process used by the authors assumed where either tussock
or hummock or a mix of both growth forms were present, there is an equal biomass between
species described in the SITE_DESCRIPTION.
The authors consider that the level of accuracy would be improved if the key fuel species in the
SITE_DESCRIPTION attribute were classified on the basis of dominant biomass in the ground layer.
Once these reclassified data are available the accuracy assessment should be rerun.
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Western Australia
In the case of the Kimberley HRZ and LRZ had indeterminate accuracies ranging from 0% in the HRZ
and 0.0% to 68% in the LRZ. The Kappa statistics for the Kimberley were 0 and 0.2027 for the higher
and lower rainfall zones, respectively.
Two data sets were used for assessing the accuracy of the mapped vegetation fuel types in the
Kimberley; a larger pasture type dataset covering the higher and lower rainfall map zones (provided
by the Western Australian government, and a much smaller dataset within the LRZ, provided by the
Australian Wildlife Conservancy (AWC). Neither of these datasets was fully fit for the purpose of
validating the accuracy of the mapped vegetation fuel types in the Kimberley. In the case of the
grazing dataset, it was not possible to explicitly reclassify the attributes in the dataset to meet our
minimum standard for selecting validation site data because we were not able to create a match
overstorey structural formation class. Nevertheless we used these datasets for due diligence.
It is important to note that the validation sites used in the Kimberley yielded relatively low levels of
accuracy. Reasons for this include: the sampling designs from which these data were derived were
not representative of the vegetation landscapes; the attributes collected at sites were not a
complete match for the mapped attributes; our mapping in the Kimberley HRZ and LRZ did not have
sufficient calibration sites to train the classifier; the persistent green dataset derived from Landsat
perhaps over-estimated the foliage projective cover compared to the ground sites.
Western Australian government pasture type dataset
These data and the subsequent interpretation were derived by reclassifying pasture type for the
pastoral productivity and sustainability into vegetation fuel types. This dataset had no attributes
which could be used to derive or infer classes of overstorey structural formation class. As a
consequence the results are indicative only.
Below is an interpretation of each vegetation fuel types represented by the validation sites:
lWHu (Woodland with Hummock grass)
No pasture sites were available in the hWHu vegetation fuel type. This is not surprising given the
purpose for allocating pasture type sites is to place these sites in high value pasture types for beef
production. While this might initially appear to provide no information, the absence of pasture sites
in hummock country indirectly confirms our mapping of this fuel type. Pastoralists in landscapes with
this pasture type generally do not invest in infrastructure e.g. fencing and water points to improve
pasture management because of the extremely low productivity of this pasture type.
These results are qualitative, fit for purpose field data are required to assess the accuracy of this
vegetation fuel type.
hWMi (Woodland with Mixed grass)
This pasture type comprised 12 sites classified as Tussock grassland (described as northern ribbon
grass (inferred to be Chrysopogon spp).). A close investigation of the mapping of this vegetation fuel
type and the validation sites using Google earth kmz files showed this vegetation fuel type was
generally confined to lower parts of the landscape and valleys, while the lWHu (Woodland with
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Hummock grass) was generally associated with the higher elevated and surrounding plateaux
country.
These results are qualitative, fit for purpose field data are required to assess the accuracy of this
vegetation fuel type.
hOFM (Open Forest Mixed)
No pasture type sites were available in this vegetation fuel type. When this mapped class was
checked against Google earth it was observed that is a very variable class and did not always match
observed patterns of dense trees in the imagery. This fuel type class appears to be a poor fit i.e. it is
likely to have a low accuracy.
These results are qualitative, fit for purpose field data are required to assess the accuracy of this
vegetation fuel type.
hSHH (Shrubland Hummock)
No pasture type sites were available in this vegetation fuel type. This is not surprising given the bias
in the allocation of sites for assessing pasture type. As with lWHu (Woodland with Hummock grass),
while this result might initially appear to provide no information, the absence of pasture sites in
hummock country indirectly confirms our mapping of this fuel type. Pastoralists in landscapes with
this pasture type generally do not invest in infrastructure e.g. fencing and water points to improve
pasture management because of the extremely low productivity of this pasture type.
Regarding the Kimberley map zone, these results are qualitative. Further work is required using fit
for purpose field data to assess the accuracy of this vegetation fuel type.

Discussion
The map of vegetation fuel types for Australia’s northern savannas comprises six separate map
zones each with a consistent classification and mapped vegetation fuel types which has been
variously assessed for map accuracy.
The Northern Savanna Vegetation Fuel Types Dataset which accompanies this report is designed to
meet the client’s two purposes:
1. To make publically available a map which may be used to commence the process of creating
a project specific vegetation fuel types map; to be used by proponents to reduce perceived
barriers to uptake and unlock new abatement opportunities by proponents;
2. To provide some estimate of potential abatement from an upgraded Carbon Farming
Initiative (CFI) Savanna Burning Abatement Tool (SavBAT).

Reliability
Cuff and Brocklehurst (in press) considered that single year foliage projected cover (FPC) products
consistently over-estimated plant foliage projective cover when compared with field measurements
and considered that this would result in significant misclassification of pixels at the project scale
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affecting overall map accuracy, it is the view of this report’s authors that this is not significant for a
few reasons. Firstly, the FPC dataset is a median 10 year time series, which accounts for this
problem, and secondly, the absolute FPC value is not used, instead mean values of clusters of pixels,
created during the segmentation process, are assessed using the calibration data as training sites for
the classification.
AusCover (2013) notes that the fractional cover product produces uncertain and often overpredicted
estimates for the green fraction in areas corresponding to areas dominated by spinifex species. The
persistent-fraction in these regions, in particular the Simpson Desert Dunefields, is more likely to be
misclassified. Again, this issue is resolved through the application of the field data for calibration to
determine which range of mean values of the ‘persistent green’ actually relate to the classes on the
ground.

Conclusions and recommendations
This report has produced a map of vegetation fuel types for the north Australian tropical savannas
(Northern Savanna Vegetation Fuel Types Dataset, version 1), which extend over 1.9 million km2. It is
expected that the map will inform decision making on contemporary fire regimes across which have
significant implications for biodiversity and soil conservation, Green House Gas emissions, carbon
sequestration, pastoral production, and effects broader social issues (Russell-Smith 2009)
particularly for many indigenous communities.
The map derived and provided meets the requirements of the contract. When dealing with areas
smaller than the map zones (i.e. areas comparable to project areas, most representative of Savanna
Burning projects to date), the data will not meet the requirements of the proposed methodology at
a project level.
Further work is required to enhance the Northern Savanna Vegetation Fuel Types Dataset version 1,
principally through access to data sets such as the Australian Wildlife Conservancy’s fuel type
dataset which is a fit for purpose validation dataset in Kimberley higher rainfall zone.
In the Northern Territory there appears to be an overestimation of cover values causing a mismatch
between mapped vegetation fuel types and what is found in the field; derived from extensive florist
vegetation surveys. Further work could be done to calibrate the Northern Territory map zones.
Consideration should also be given that validation points be equivalent to map scale.
We have reported on the accuracy of the mapped fuel types in each zone in terms of supplying users
with some sense of reliability. It is important to note that the mapping does not have to meet the
requirements of the Determination.
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Appendix 1 Workshop agenda (draft) 18-19 June, CDU, Darwin
Workshop title:

Savanna Burning Workshop

Date:
Start time:
Location:

Wednesday 18 and Thursday 19 June 2014
09.00 am
Finish time:
Charles Darwin University (See
Room: Red 1.3.2
attached map). Parking in Purple
(i.e. room 2 on the
A car park off Vocation Place
third level of the
Red 1 building)

Attendees:

CDU and NT Govt: Cameron Yates, Dominique Lynch, Jay Evans,
Nick Cuff, Peter Jacklyn, Andrew Edwards
Brendan Pippen (DotE), Nerissa Walton (ILC), Fay Lewis
(AWC) Jeremy Groves (DotE, ERIN)
Christopher Auricht, Richard Thackway (Auricht Projects)

th

th

Apologies:
Chair Person / Facilitator
Note Taker:

Item

Comment

Action

Responsible /
Date

Day 1

Background, Approach and Sample Outputs

th

18 June
0900 am

•
•

Introduction – who’s who
Present an overview of the method for
generating a surrogate of vegetation fuel
types:
o Use of segmentation to define
homogeneous map units based on three
input datasets: persistent woody, slope
and elevation roughness.
o Use of stratification i.e. post segmentation
labelling using relevant datasets e.g. land
systems, Dynamic land cover (MODIS)
o Structural vegetation type sample outputs
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Day 2
th

19 June

Validation Process, Application-Utility of
Approach and Outputs, Next Steps
• Outline of the validation process
• Validation sample outputs
• Application and Utility of Approach – how
vegetation fuel types were derived and how they
relate to fuel types
• Limitations (data and knowledge gaps) and
possible improvements
• Next Steps and Beyond – DotE to lead discussion of
o the fitness for purpose of products
resulting from this consultancy as a
project
vegetation
map
and
requirements for validation
o future products beyond this contract
• Close
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Appendix 2 Vegetation fuel types in the two rainfall zones

Rainfall
Zone

Canopy
Vegetation
Height
fuel type
(m)

Foliage
cover
(%)

Canopy trees
hOFM

hWMi

Majority 30-70
>15
(trees)

Eucalypts (e.g.
Eucalyptus
tetrodonta, E.
miniata)

Majority 10-30
>8
(trees)

Various
eucalypts, often
with other taxa
(e.g.
Erythrophleum,
Terminalia,
Xanthostemon)

>1000mm

Characteristic
substrates

Characteristic species

hWHu

Majority 10-30
>8
(trees)

Various
eucalypts, often
with other taxa
(e.g.
Erythrophleum,
Terminalia,
Xanthostemon)

hSHH

Majority 0-30
<5
(shrubs)

Occasional trees

Shrubs
Various—Welldeveloped
shrub layer may
/ may not be
present

Grasses
Dominated by Native
perennial and annual
tussock grasses; may
include some
hummock grasses

Various—Welldeveloped
shrub layer may
/ may not be
present

Dominated by Native
perennial and annual
tussock grasses; may
include some
hummock grasses

Various situations,
from well-drained
gravelly sites to those
with impeded
drainage

Dominated by
hummock (Triodia)
grasses. A mixture of
native perennial and
annual tussock
grasses may also be
present.

Shallow to rocky
substrates derived
typically from
sandstone,
metamorphosed
sandstone (e.g.
quartzite), sometimes
laterised

Hummock (Triodia)
grasses, and\or

Shallow to rocky
substrates derived

Various—Welldeveloped
shrub layer may
/ may not be
present; where
present, may
include woody
heath taxa as
listed for
Sandstone
heath
Conspicuous
cover of heathy
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Rainfall
Zone

Canopy
Vegetation
Height
fuel type
(m)

Foliage
cover
(%)

Canopy trees

lWTu

6001000mm

10-30%

30-70
(CC>50)

Shrubs
shrubs (e.g.
Acacia, Calytrix,
Grevillea,
Hibbertia,
Hibiscus,
Jacksonia,
Tephrosia,
Verticordia)

Grasses
other perennial
restios (Lepyrodia,
Dapsilanthus) sedges
(Schoenus sparteus)
or graminoids (e.g.
Lomandra,
Xanthorrhoea).

typically from
sandstone,
metamorphosed
sandstone (e.g.
quartzite), sometimes
laterised ;sandsheets

various
Eucalyptus (e.g. E.
tectifica, ),
Corymbia (e.g. C.
opaca) often with
other taxa (e.g.
Erythrophleum,
Terminalia)

Well-developed
shrub layer
may/not be
present.

Native perennial and
annual tussock
grasses

Generally deep well
drained soils to those
with impeded
drainage, typically on
flat to undulating
landtypes with fertile
volcanic derived
substrates.

generally
10-30m

Eucalypts (eg
E.tetrodonta,
E.miniata)

various Welldeveloped
shrub layer
may/not be
present

Native perennial &
annual tussock grass

Well drained deep
soils, often sandy
loams

generally
>10 m

various
Eucalyptus (e.g. E.
tetrodonta) and
Corymbia spp,
often with other
taxa (e.g.
Erythrophleum,
Terminalia,

Well-developed
shrub layer
may/not be
present.

Native perennial and
annual tussock grass
usually dominant,
often associated
with hummock
(Triodia) grasses

Various situations
including undulating
to hilly landtypes on
imperfectly to well
drained sites with
shallow soils.

generally
>10 m

lWMi
10-30%
(CC>20)

Characteristic
substrates

Characteristic species
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Rainfall
Zone

Canopy
Vegetation
Height
fuel type
(m)

Foliage
cover
(%)

Canopy trees
Callitris)

lWHu

lOWM

lSHH

Characteristic
substrates

Characteristic species

various
Eucalyptus,
Corymbia

10-30%
(CC>20)

generally
>10 m

<10%
(CC<20)

various
Eucalyptus,
occasional Corymbia,
stems,
including
generally C.dichromophloia,
<10 m
E.leucophloia,
E.brevifolia,
E.pruinosa.

Shrubs

Grasses

Well-developed
shrub layer
may/not be
present. Where
present, may
include woody
heath taxa

Hummock (Triodia)
grasses usually
dominant, or
codominant with
tussock grasses

Rocky shallow soils
derived typically from
sandstone (quartzite);
also lateritic hills and
plateau.

Well-developed
shrub layer
may/not be
present. Where
present, may
include woody
heath taxa

Hummock (Triodia)
grasses often
dominant, occurring
with tussock grass.

Shallow substrates on
undulating stony rises
and rocky hills.

< 30%
(shrubs)

<5 m

sparse trees

Dominant shrub
layer of Acacia
species and
various other
taxa (eg:
Calytrix,
Grevillea,
Jacksonia).

10-70%
(grass)

<2m

sparse trees

Sparse
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Hummock (Triodia)
grass understorey. A
mixture of other
native sedges (North
Queensland eraceae
& Restionaceae),
graminoids (e.g.
Lomandra,
Xanthorrhoea) and
grasses may also be
present.
Hummock (Triodia)
grass understorey. A

Sand plains often over
laterite, or rocky,
shallow substrates
derived from
sandstone
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Rainfall
Zone

Canopy
Vegetation
Height
fuel type
(m)

<30%

ineligible

Foliage
cover
(%)

<5 m

Characteristic
substrates

Characteristic species
Canopy trees

Shrubs

Melaleuca
species,
M.viridiflora,
Eucalyptus
pruinosa.

Sparse

Grasses
mixture of other
native sedges (North
Queensland eraceae
& Restionaceae),
graminoids (e.g.
Lomandra,
Xanthorrhoea) and
grasses may also be
present.
Hummock (Triodia)
grass understorey. A
mixture of other
native sedges (North
Queensland eraceae
& Restionaceae),
graminoids (e.g.
Lomandra,
Xanthorrhoea) and
grasses may also be
present.

Undulating plains,
stony rises & lower
slopes.

all other vegetation types
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Appendix 3 Draft metadata Northern Savanna Vegetation Fuel Types
Dataset (version 1.0)
Title. Northern Savanna Vegetation Fuel Types Dataset (version 1.0)

Abstract
This map is developed to provide a spatial description of vegetation fuel types for inclusion in the Savanna Burning
greenhouse gas emissions and emissions abatement calculation tool (SavBAT). The primary purpose is for project
proponents of Savanna burning fire abatement projects under the Carbon Farming Initiatives (CFI) methodology
to provide scenarios that estimate emissions abatement. The map describes the different vegetation fuel types
across the northern Savanna in two rainfall zones. The high rainfall zone includes areas with greater than 1,000 mm mean
rainfall and the low rainfall zone is areas with 600 mm to 1,000 mm mean rainfall. The high rainfall boundary and
vegetation fuel type classification is as described in the Carbon Farming Initiative (CFI) (Reduction of Greenhouse Gas
Emissions through Early Dry Season Savanna Burning – 1.1) Methodology Determination 2013. The low rainfall boundary
and fuel type classification is as recommended in (Murphy et al. in press) and agreed by Department of Environment in
the project proposal. The map is a compilation of 6 map zones differentiated by state and rainfall zone. Detail of the
mapping methodology and variation between each zone is available in (Thackway et al. 2014). Queensland vegetation fuel
type mapping is a re-classification of Regional Ecosystems (RE) mapping available from QLD Government. Northern
Territory and low rainfall zone of Western Australia fuel type maps are created from Persistent green-vegetation fraction
and Wooded mask (a Landsat (30 m pixel) derived product available from Auscover), digital elevation data and
supplementary ancillary land resource data. The high rainfall zone of WA map is created using a MODIS image and NDVI
vegetation index instead of the persistent green data as this was undertaken at an earlier period. The data were processed
using eCognition software to create segments that represent homogenous areas of vegetation cover. Elevation and slope
data and ancillary datasets including geology and land systems were used for stratification of land types. Resultant mean
segment (polygon) attributes were used in a supervised classification and attribution of mapping into vegetation fuel type
classes. Ineligible areas such as large water bodies were masked out. The ineligible classes were identified as 'NA’. Each
zone was validated using independent field data from across the project area that was made available for the project from
State and Territory government and non-government agencies; no new data was collected. Sites were attributed with
vegetation fuel type class and then compared with the mapping to provide an accuracy assessment for each mapping
zone.

Keywords:
vegetation fuel type, northern Savannas
Data Custodian

Department of the Environment

Organisation: The Department of the Environment
Position: Methods Development Team, Land Sector Abatement Branch
Phone: 1800 057 590
Email: cfi@environment.gov.au
Address: GPO Box 787, Canberra ACT 2601, Australia
Credits
The map was created by:
Auricht Projects; South Australia and;
The Darwin Centre for Bushfire Research (DCBR), Charles Darwin University, Northern Territory Australia.

Status of the data
Version 1.0 Complete 20140630
Updated versions will be provided through the NAFI website as the data becomes available.
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Access and conditions of Use
This data is for use within the SavBAT emissions calculation tool currently used by project proponents of
Savanna burning fire abatement projects under the Carbon Farming Initiatives (CFI) methodology to provide
scenarios that estimate emissions abatement. The SAVBAT tool is available on the NAFI website
http://www.firenorth.org.au/nafi2/ This map is not available for use as a vegetation fuel type map for
project areas for submission as fire abatement project as it does not meet the requirements of The
Determination with particular reference to calibration and validation.
Logistical Consistency
Six map zones were defined to provide a basis for partitioning sub-projects for mapping/modelling of
vegetation fuel types. These map zones represent a pragmatic and practical solution for handling three
jurisdictions and two rainfall zones within which different datasets provide the best available consistent
and comprehensive source datasets for each map zone.
The map of vegetation fuel types for Australia’s northern savannas comprises six separate map zones,
each with a consistent classification and mapped vegetation fuel types which has been variously assessed
for map accuracy.
Data set Limitations
The map accounts for some but not all ineligible areas including regularly grazed systems, current extent
of exotic plants (weeds) and clearing of native vegetation.
The map has been calibrated with a limited dataset and expert knowledge, and limited processing time.
Data reference
Type
raster
Format
Geotiff (*.tif)
Version
1.0
Spatial resolution
250m * 250m pixel
Pixel depth
8 bit
Pixel type
unsigned integer
Geographic Coordinate System:GDA94 / Australian Albers (EPSG: 3577)
Projection
Albers
Datum
GDA94
False Easting
0.00
False Northing 0.00
Central meridian 132.0
1st standard parallel -36.0
2nd standard parallel -18.0
Prime Meridian
Greenwich
Angular Unit
Degree
Linear Unit
metre
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Geographic coverage
Mapping boundary extent: north Savanna fuel type map (6 map zones).
Top -9.141333 dd
Left 121.729660 dd

Right 150.703085 dd

Bottom -22.629595 dd
Mapping extent of each zone is bounded by state and territory borders and rainfall isohyet as
available from DoE http://www.climatechange.gov.au/reducing-carbon/carbon-farminginitiative/methodologies/methodology-determinations/savanna-burning

Temporal coverage
NT and low rainfall zone WA Created in 2014 using Persistent Green-Vegetation Fraction and Wooded
Mask – Landsat 2000-2010 median image (Auscover 2013).
High rainfall zone north WA created in 2012 using 2011 07 07 MODIS imagery of NDVI.
Qld derived Regional Ecosystems mapping acquired from Queensland Herbarium , last updated on 28
February 2014. Downloaded from the internet on 4 June 2014 6
Data Quality
Accuracy assessment is documented in table 6 of the report above.
Validation was carried out on each of the 6 map zones and reported for each vegetation fuel type in each
map zone. Users should consult the original report (Thackway et al. 2014) for detail on accuracy of the
map.
Data description
Column Header

Descriptor

Data type

Raster

6

Refer: https://data.qld.gov.au/dataset/biodiversity-status-of-pre-clearing-and-remnant-regional-ecosystemsseries
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format

GeoTIFF *.tiff

Resolution

250 metre * 250 metre

1

CFI vegetation fuel type category
High rainfall zone (>1000 mm)
hOFM (Open Forest with Mixed grasses (Tussock and Hummock)

2

hWMi (Woodland with Mixed grasses (Tussock and Hummock)

3

hWHu (Woodland with Hummock grass)

4

hSHH (Shrubland (Heath) with Hummock grass)

11

Low rainfall zone (600-1000 mm)
lWHu (Woodland with Hummock grass)

12

lWMi (Woodland with Mixed grasses) (Tussock and Hummock)

13

lWTu (Woodland with Tussock grass)

14

lOWM (Open Woodland, with Mixed grasses) (Tussock and Hummock)

15

lSHH (Shrubland (Heath) with Hummock grass)

LUT value

References:
AusCover (2013). Persistent Green-Vegetation Fraction and Wooded Mask - Landsat, Australia coverage,
Landsat 2000-2010 Persistent Green-Vegetation Fraction.
http://www.auscover.org.au/xwiki/bin/view/Product+pages/Persistent+Green-Vegetation+Fraction
Murphy BP, Edwards AC, Meyer CP, Russell-Smith J (Eds) in press. Carbon accounting and management in
fire-prone Australian Savannas. CSIRO Publications, Melbourne
Thackway R., Auricht C., Edwards A., Lynch D. and Cuff N. 2014 A vegetation fuel type map for Australia’s
northern Savannas. Report prepared for the Department of the Environment, Canberra.
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