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Executive Summary

Flammable spinifex grasslands occupy about 2.1 million km? of the Australian continent,
about 40% of which is on Aboriginal lands. For thousands of years, Aboriginal people
skillfully managed fire in these landscapes, maintaining a stable mosaic of mostly small, low
intensity and patchy fires. With the cessation of traditional burning following European
settlement, the fire regime quickly changed to one of large, intense lightning-caused hot
season wildfires. A return to traditional Aboriginal fire management, resulting in smaller,
patchier fires lit in the cool season, provides an exciting but challenging opportunity for
remote desert communities to contribute significantly to reducing Au s t r gréemhau8esgas
emissions, to increasing carbon stocks, to conserving biodiversity and to improving
ecosystem health. In addition to environmental benefits, substituting wildfires with traditional
fire management has significant social and cultural benefits. Done at appropriate scales,
good fire management can also provide training, employment and economic opportunities.

This feasibility study found that changing the fire regime from predominantly high intensity,
hot season wildfires to predominantly low intensity, cool season managed fires, analogous to
the traditional Aboriginal fire regime, can result in a 24% reduction in greenhouse gas
emissions and a significant (but difficult to quantify) increase in woody biomass carbon
stocks through the persistence of mulga (Acacia aneura and it close relatives). However,
because of the relatively low productivity of these arid landscapes, large areas will need to
be managed to realize significant benefits. An estimate based on best available information
suggests that to generate 100,000 tonnes of CO,-equivalent abatement per annum from a
500,000km’6 pr oj ect aread of central WeldbefthatothAust rr al i
area burnt each year, to be burnt in the cool season. This equates to a mean annual burning
program of ~1 million ha, or ~2% ofthe 6 p r 0 j e.dntadddioneoayr@enhouse gas
abatement, good fire management will also increase carbon stocks in long-lived woody
biomass such as mulga. Based on limited data, and some assumptions that remain to be
tested, this could be as much as 5 million tonnes per annum for the project area. Large scale
fire management will also have significant social, cultural, economic and environmental
benefits. In higher rainfall, more productive regions of central Australia, smaller areas could
be treated at lower cost to realize these benefits.

While challenging, achieving multiple benefits through large scale fire management is
possible by building capacity in remote communities, building strong partnerships with other
fire and land management agencies and by the application of technology such as remote
sensing and aerial burning. In partnership with others, Aboriginal communities have
expressed a strong interest in being involved in an expanded fire management program to
deliver multiple benefits, conditional on being adequately consulted and provided with
appropriate training and resourcing. This will build on recent experiences many communities
have with blending traditional and contemporary fire management practices. However, to
manage fire at the scales necessary to make a difference will require a substantial medium
to long term development and capacity-building program.



1. Introduction

Spinifex grasslands are characterised by the dominance of perennial hummock grasses,
primarily of the genus Triodia. They occur over a diversity of landforms including sand plains
and dune fields, gibber plains and rocky hills in the semi-arid and arid regions of the remote
and sparsely populated central, western and northern parts of Australia (Figure 1). Spinifex
grasslands cover about 2.1 million km? (~27%) of the continent, of which about 800,000 km?
(~40%) is on Aboriginal land (Allan and Southgate 2002). The climate is arid or semi-arid
with annual average rainfall ranging from about 225 mm to 350 mm. Typical of desert
climates, rainfall is highly variable and long periods of drought are not uncommon. The
summers are long and hot and winters cool and mild. Spinifex grasslands are generally
structurally simple, with a discontinuous ground cover of Trioda spp. (spinifex) hummocks to
a height of 30-50 cm. Scattered low shrubs and trees usually grow in association with
spinifex (Suijdendorp 1981). Notable tree and mallee form genera sometimes associated
with spinifex include Eucalyptus, Allocasuarina, Acacia, Callitris, Hakea and Grevillea.

The combination of accumulations of flammable vegetation, the physical structure of the
hummocks and the often extreme fire weather conditions makes spinifex grasslands highly
flammable (Griffin 1984; Burrows and Christensen 1990; Allan and Southgate 2002;
Marsden-Smedley et al. 2012). Historically, lightning and deliberate burning by Aboriginal
people were the main causes of fire. Today, most fires are started by lightning, although
human-caused ignitions are significant near settlements and along vehicle travel routes.
While most Triodia species are fire sensitive (readily killed by fire, regenerate from seed),
spinifex grassland communities are fire dependent; fires at appropriate temporal and spatial
scales are essential for their persistence and health (Burbidge 1944; Suijdendorp 1981).

Under traditional law and custom, Aboriginal people inherit, exercise and bequeath
customary responsibilities to manage their traditional country. The relatively recent exodus of
Aboriginal people from parts of central Australia (Davenport et al. 2005), has coincided with
an alarming decline in native mammals and some birds, and a contraction of some fire
sensitive plant communities. Proposed causes of these changes include an altered fire
regime resulting from the departure of traditional Aboriginal burning, predation by introduced
carnivores and competition with feral herbivores (Johnson et al. 1989; Burbidge and
McKenzie 1989; Morton 1990; Latz 1995). While knowledge of fire effects in hummock
grasslands is incomplete, there is evidence of dramatically changed fire regimes in many
areas since the decline of traditional Aboriginal burning practices. There has been a
reduction in diversity of fire regimes (frequency, season, intensity and scale), and an
increase in the intensity and scale of hot summer wildfires. This has resulted in a shift from a
pyrogenic fine-grained habitat mosaic to pyrogenic homogenization (Burrows and
Christensen 1990; Allan and Southgate 2002; Burrows et al. 2006; Bliege Bird et al. 2013).

Figure 1: Approximate distribution of fire sensitive mulga (Acacia aneura and close relatives) (yellow)
and flammable spinifex (Triodia spp.) (boundary in red) (source: mulga - Bruce Maslin pers. comm.;
spinifex i adapted from Allan and Southgate 2002).



1.1 Altered fire regimes

While there is considerable anecdotal evidence of changed fire regime following the
departure of traditional Aboriginal burning in much of the spinifex grasslands (e.g., Bolton
and Latz 1978; Latz and Griffin 1978; Latz 1995; Bowman et al. 1995), the most compelling
and quantifiable evidence comes from black and white aerial photography taken by the
Australian military over a remote area of the Great Sandy Desert in 1953 at a time when
Aboriginal people were living a traditional lifestyle, more than a decade before European
contact (Davenport et al. 2005). Burrows and Christensen (1990) and Burrows et al. (2006)
studied a sample of the aerial photography covering about 250,000 ha and it revealed a
mosaic of numerous small burnt patches. The mean burnt patch size was about 60 ha, with
most (75%) of the burnt patches being less than 32 ha and 50% less than 5 ha (Burrows et
al. 2006). About 20% of the area was burnt by fires < 100 ha and ~36% by fires > 1 000 ha;
the largest fire being about 6,000 ha. Burrows et al. concluded that based on fire shape and
on information provided by desert Aborigines, the burnt patches were consistent with having
been lit by people, who burnt the spinifex for a myriad of reasons but primarily for acquiring
food. The fire regime dominated by Aboriginal burning contrasts sharply with the more recent
fire regime following the exodus of people and /or the cessation of traditional burning from
much of these lands. By the mid-1970s, some 15-20 years after the cessation of traditional
Aboriginal burning, the fire regime had changed. Satellite imagery revealed that the mosaic
of small, low intensity (cool) fires evident on the 1953 photography had been replaced by
large, intense (hot) summer wildfires primarily ignited by lightning.

As with the reported case study (Burrows et al. 2006) the fire regime in most of spinifex-
dominated central Australia has changed from a stable pattern of numerous small, cool fires
to an unstable pattern of large, hot summer wildfires followed by intervening periods of few
fires because of lack of vegetation to burn, culminating in large hot wildfires once the fuel has
re-accumulated. For example over the period 2000-2002, ~500,000 km? of spinifex grassland
was burnt by wildfire (Wright and Clarke 2007) and hot summer wildfires commonly exceed
200,000 ha (Haydon et al. 2000; Allan and Southgate 2003; Burrows et al. 2009). This

60 boom andrepimedstnéw Idrgely deiven by rainfall, which drives the rate of fuel
accumulation (Griffin et al. 1983; Allan and Southgate 2002), with lightning as the dominant
ignition source, whereas for thousands of years, deliberate burning by Aboriginal people was
the dominant influence on the fire regime.

Recently, Bliege Bird et al. (2012) working with Martu Aborigines in the Great Sandy Desert

reported that where contemporary Aborigines hunted with fire, usually within about 50 km of

their settlements, the fires were smaller, more tightly clustered and importantly, remained

small even when wet periods were followed by very large fires in areas beyond where

Aboriginal people were actively burning. They demonstrated that Aboriginal patch burning
significantly buffers the 6boom and busté fire c
absence of Aboriginal burning. Furthermore, Bliege Bird et al. proposed that the mitigating

effect of Aboriginal hunting fires on large summer wildfires reduces the mortality on small

mammal populations, enhancing their persistence in these landscapes.

As well as being implicated in the decline of medium-size arid zone mammals, there is
evidence that large and intense hot season wildfires are adversely impacting on fire sensitive
plant communities associated with or adjacent to hummock grasslands, such as mulga and
cypress pine (Callitris spp.) (e.g. Start 1986; Griffin et al. 1990; Bowman and Latz 1993; Latz
1995; van Leeuwen et al. 1995; Allan and Southgate 2002; Bowman et al. 2009; Marsden-
Smedley et al. 2012; Ward et al. 2014). dMulgadis the general name applied to the woody
perennial tree species Acacia aneura and its close relatives (Maslin and Reid 2012). Like
spinifex, mulga is widespread throughout the arid zone occupying about 1.5 million km? (~
20%) of the continental land surface (Figure 1). Mulga occurs in a variety of habitats,
including co-occurrence with spinifex, which, given the flammability of spinifex and the fire



sensitivity of mulga, presents an ecological conundrum (e.g., Start 1986; van Leeuwen et al.
1995; Hodgkinson 2002; Nano and Clarke 2008; Nicholas et al. 2009; Murphy et al. 2010).
There is also concern, and growing evidence, that the contemporary fire regime of large,
regular intense summer wildfires is reducing the extent of mulga in these landscapes (Griffin
and Hodkinson 1986; Start 1986; Latz 1995; Allan and Southgate 2002; Smyth and James
2004; Bowman et al. 2009; Ward et al. 2014).

In addition to ecological and cultural consequences of altered fire regimes resulting from the
reduction in anthropogenic burning following the departure of Aboriginal people and their
burning practices throughout most of the desert, there are likely to be significant
environmental consequences, including increased greenhouse gas (GHG) emissions and a
reduction in biosequestration associated with the contraction of mulga and other fire sensitive
and potentially long-lived woody vegetation.

Therefore, appropriate fire management of the spinifex grasslands, including the broadscale
re-introduction of the fire regime known to be in existence prior to European settlement and
industrialization (the dnatural6fire regime), may have multiple environmental and ecological
benefits. If it can be demonstrated that the natural fire regime also reduces GHG emissions
and increases biosequestration, then there may exist significant social and cultural benefits,
including providing a culturally appropriate sustainable economic activity for remote desert
Aboriginal communities.

The purpose of this study is to explore the feasibility of whether good fire management on
Aboriginal lands in the spinifex-dominated landscapes of central Australia can reduce GHG
emissions and increase biosequestration. This builds on the successful savanna burning for
GHG abatement in northern Australia (Russell-Smith et al. 2009; Russell-Smith et al. 2013).
Specifically, the current feasibility study aims to address the following key technical
guestions:

1. What is the abatement and sequestration potential (tonnes CO2-equivalent per annum)
from both mulga and spinifex components under a typical range of rainfall and landscape
conditions?

2. Can @atural6(pre-European settlement), or traditional Indigenous fire regimes deliver
effective biomass accumulation (hence biosequestration) and GHG abatement at
landscape scales?

In addition, this study briefly considers the support and capacity-building in remote desert
Aboriginal communities to enable them to implement traditional burning practices at the
appropriate scales to make a difference by addressing questions such as:

1. What additional resources would be required for Aboriginal communities to deliver
effective fire management?

2. Under what conditions would effective fire management be economically sustainable?

3. What is the level of Indigenous community interest in this proposition?

Finally, this study flags research required to improve estimates of spinifex grasslands burning
emissions for greenhouse accounting (biomass modeling over a range of sites/rainfall zones;
mapping fuel/vegetation classes; mapping mulga; assessing fire kill of mulga) and capacity
building and governance arrangements to enable appropriate fire management.

The fundamental premise is that abatement and sequestration will be improved by re-

instating traditional Aboriginal burning practices, which means using prescribed fire to:

1 Reduce the total area (of a defined project area) that is burnt each year.

1 At the burnt patch scale, increase the amount of unburnt vegetation within a burnt area
(fire scar) (intra-scar patchiness);



1 Atthe landscape scale, increase the amount of unburnt vegetation between fire scars
(inter-scar patchiness);

1 Reduce the extent of mulga (and its close relatives) killed and/ or extirpated by fire each
year.

These benefits can be achieved by ensuring that a greater proportion of the landscape is
burnt by prescribed / managed fires and shifting the season of fires away from late
spring/summer and early autumn (hot fires) to late autumn, winter and early spring (cool
fires). Cool season fires are characterised by being relatively small, of low intensity, less

pl ant o6ki | | ipatchy, pgreaterprdpensity dorsalf-extinguish, and reduced total
fuel/biomass consumption. On the other hand, hot season fires are characterised by large,
high intensity fires, reduced patchiness, higher levels of fuel consumption and high mortality
to mulga stands and other plants.

The proposition is that shifting the regime from hot season fires to cool season fires will result
in a net reduction in area burnt and fuel consumed and increased survival and growth of
mulga, resulting in a reduction in carbon dioxide (CO,), methane (CH,), and nitrous oxide
(N20) emissions and increased biosequestration.

1. Methods

In relation to technical or biophysical issues concerning the potential for significant GHG
abatement and biosequestration resulting from good fire management, both existing and new
data were collated and analysed to address these issues.

2.1 Greenhouse gas abatement

Fire management for GHG abatement is based on developing and implementing the fire

regime that retains the highest level of plant biomass at the landscape scale in perpetuity. In

vast, remote flammable environments such as the spinifex grasslands of central Australia,

fire exclusion or fire suppression strategies alone are not feasible andthe6do not hi ng o
unmanaged approach to fire, which currently applies over much of the spinifex grasslands for
various reasons, is resulting in large, intense lightning-caused hot summer wildfires. In this

study, traditional Aboriginal fire management (the natural fire regime) is compared with the

6 u n ma néfrg regime with respect to GHG emissions and carbon sequestration.

The GHG emissions from burning natural vegetation are primarily a function of the total mass
of vegetation / fuel burnt and its composition. The mass of fuel can be calculated from the
dry weight of fuel per unit area, the area burnt and the burning efficiency, or patchiness, or
proportion of the total fuel mass that actually burnt (Russell-Smith et al. 2009). Currently,
there are no data on the GHG emissions from the burning of spinifex grasslands and
associated vegetation, so data from the savanna burning methodology are used, which are
likely to be similar. For a given vegetation type or fuel class, emissions are directly
proportional to the biomass or amount of fuel that is combusted (Cook and Meyer 2009) so
vegetation biomass removed or retained can be used is a surrogate for greenhouse gas
emissions and carbon sequestration. In addition to understanding combustion efficiency, or
burn patchiness, modeling post-fire biomass accumulation with time since last fire (usually
expressed as t/ha) is crucial for estimating the total amount of vegetation available for
burning. This, together with measures of patchiness (proportion of vegetation / fuel that
actually burnt) and the areal extent of burnt and unburnt vegetation, emissions can be
estimated.

2.2 Modelling post-fire fuel accumulation

Existing data were used to model post-fire fuel biomass accumulation for three broad fuel
classes. A space-for-time method was employed with sampling initially classified according to
broad desert regions of Western Australia. IBRAs (Thackway and Creswell 1995) reflect



broad intra-regional biophysical similarities such as climate and landforms likely to influence
plant productivity, structure, composition and combustion. Three WA desert IBRAs were
sampled, being the Great Victoria Desert, the Great Sandy Desert, and the Gibson Desert.
Fuel accumulation data were also gathered from Lorna Glen, a former pastoral lease on the
southern edge of the Little Sandy Desert, but technically in the Murchison and Gascoyne
IBRAs (Figure 2). Within each IBRA, a chronosequence of satellite imagery was used to
determine fire history (fuel age), which formed the basis for biomass sampling. Thus, a fuel
age within an IBRA formed a sample site. In all, data were gathered from 100 sites following
the methodology described by Burrows et al. (2009). Briefly, this amounted to measuring fuel
structure (height and cover of spinifex and other species), ground cover (bare ground, leaf
litter, coarse woody debris, etc.) and oven dry fuel biomass, which was determined by
harvesting all fuel/vegetation from 10 x 1 m? quadrats. In all, almost 1,000 x 1 m* quadrats
were sampled. In most cases, all vegetation within the sample quadrats was fuel 7 i.e., live
and dead material <=4 mm and <=6 mm in diameter respectively.
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Figure 2: Location of Lorna Glen (Matuwa), a 245,000 ha ex-pastoral lease now owned by Martu.

2.3 Measuring area burnt

Existing data acquired as part of a separate project reporting on fire history and extent in the

20 million ha Martu Determination and Birriliburru Lands in the Western Desert (Burrows et

al. 2013) were used to quantify the proportion of a 20 million ha project area burnt each year.

The project area was classified and mapped into two 6f i r e management o
landscapes, based on the prevalence of contemporary Aboriginal (Martu) verses lightning
ignition sources. Most fires in the Martu zone were lit for hunting during the cooler months,
whereas fires in the lightning zone mostly burnt during the hotter months.

An annual sequence of Landsat satellite imagery with five Landsat scenes covering ~11
million ha was acquired, interpreted, digitised, mapped and analysed to monitor trends in the
temporal and spatial scales of fires over a 17 year period (1997-2013, except for 2007 as no
imagery was available). Mapping fire scars in spinifex grasslands from satellite imagery is
relatively straightforward compared with some other vegetation types such as tropical
savannas or tall forests (Burrows et al. 2009). Boundaries of fire scars that were clearly
visible on an annual time sequence of medium resolution Landsat Thematic Mapper (TM and
ETM+), processed to a pixel resolution of 25 m, and enhanced by displaying the spectral
bands: 7 (mid-infrared), 4 (near-infrared) and 2 (visible red) in the red, green and blue
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colours respectively. The imagery used for this study was from Landsat 5 TM and Landsat 7
ETM+.

Image processing details and validation are provided by Burrows et al. (2013). In brief, for
each Landsat scene for each year, fire scar boundaries were interpreted using Landsat band
combination 742, differenced Normalised Burn Ratio (dNBR) and differenced Near-Infrared
(dNIR). The very large area and relatively long time period over which satellite imagery
needed to be analysed meant that an automated processing system was warranted for
efficiency and to keep costs down. The yearly extent of fire scars was determined using the
differenced dNBR, which compares the reflectance of the current year with the reflectance of
the previous year. Fire scars where grouped in the respective management zones. The
management zone in which the centroid of a fire scar polygon was located, associated the
fire scar to that management zone. The accuracy of the satellite fire scar mapping was later
validated by on-ground survey (Burrows et al. 2013).

These data were supplemented with similar fire history data published by Bliege Bird et al.
(2012) who used a 10-year sequence (1999-2010) of satellite imagery to reconstruct fire
history in the Martu Native Title lands in the Great and Little Sandy Deserts. They examined
two regimes: one where ignitions were predominantly (but not exclusively) Aboriginal hunting
fires within 50 km of communities, and another where ignitions were exclusively by lightning
in remote areas not visited by Aboriginal hunters. Almost all hunting fires were lit in the cooler
winter months, whereas lightning fires mostly occur in the hotter spring-summer months
(Bliege Bird et al. 2012).

2.4 Measuring fire patchiness
Combustion or burning efficiency, as defined by Russell-Smith et al. (2009) for tropical
savanna themaksof fuelittat isfexposed to fire that is pyrolisedq or the proportion
of the vertical fuel profile or fuel bed that burns. When spinifex grasslands burn, there is
virtually complete combustion of the vertical fuel profile (fuel biomass less ash residue).
Because of its discontinuous nature, burn patchiness or burn efficiency in spinifex grassland
is the extent or efficiency of horizontal combustion of the fuel bed. Two levels of fire or burn
patchiness were investigated in each of the management zones defined by the studies
above;
Extent of unburnt patches within burnt patches (intra-scar patchiness). This is unburnt
vegetation surrounded by burnt vegetation within an individual fire scar, or burnt patch.
Intra-scar patchiness was measured using ground transects, primarily because patches
in cool burns were generally smaller and more difficult to detect on satellite imagery than
inter-scar patches. In areas recently burnt by hot summer wildfires and cool hunting fires
intra-scar patchiness (areal per cent of unburnt vegetation) was determined on-ground by
measuring the distance of burnt and unburnt patches intercepted along a series of 100 m
transects. In all ~1,000 m of transect was sampled in each zone.
Extent of unburnt patches between burnt patches (inter-scar patchiness). This is unburnt
vegetation surrounded by or remaining between individual burnt patches or fire scars.
This was sampled from 2011 SPOT satellite imagery only so is not representative of the
spatio-temporal variation. Further work is needed to capture the extent of variability, but
this sample is likely typical.

2.5 Measuring mulga biomass at Lorna Glen (Matuwa)

An important component of this study is to quantify the key carbon pools likely to be
impacted by fire so that reliable estimates of carbon flux under managed verses unmanaged
fire regimes can be quantified. Under the appropriate fire regime, the fire sensitive but long
lived mulga (Acacia aneura and it close relatives; see Maslin and Reid (2012)) has the
potential to store significant quantities of carbon in these landscapes. As part of this study,
an investigation of mulga biomass was carried out with the assistance of Wiluna Martu
Aboriginal Rangers at Lorna Glen (Matuwa).



The above and below ground biomass of 32 mechanically excavated mulga trees of varying
sizes was measured in the field. Following the protocol of Snowdon et al. (2002) tree height,
crown width and stem diameter(s) at ground level was measured and stem basal area
calculated. Above ground biomass, including foliage, branches, bark and stems was weighed
6greend in the fiel dialsmingiaa nac es.u sTpheen déerdo octl opclkat e 6
cut from the above ground part of the plant and weighed. During the excavation process,
most of the root system within a 0.5-1.5m radius of the main stem(s) was recovered, but
many roots beyond this distance were usually severed, with the severed ends remaining in
the soil. To estimate the biomass of root material remaining in the soil, the large end and
small end diameter (point at which the root was severed) of recovered roots was measured,
as was the distance between these dimensions. Roots >5 mm in diameter were placed into
1.0 cm diameter classes and the number of roots in each class tallied. Finer roots left in the
soil were deemed to add little to the total root biomass, so were ignored. Several larger
lateral roots were excavated down to a small end diameter of about 10 mm. From these
measurements, a root taper function was determined for each root diameter class, and
assuming a conical root shape, an estimate of the volume of root material remaining in the
soil was calculated.

The mean density of root material was determined from a sample of ten root sections, each
about 8 cm long and of varying diameters. These sections were oven dried, weighed and
their volumes calculated by assuming the sections were cylindrical with a diameter equal to
the mid-point diameter of the sample and a height equal to the length of the sample. The
density of wood in stems and main branches was calculated similarly.

To determine oven dry weight of above and below ground biomass, seven samples were
taken each of roots, stems and branches (with attached foliage) and moisture content of
these components determined by oven drying. Oven dry weight/biomass was calculated from
green weight less moisture based on the sampled moisture contents.

2.6 Mulga in the landscape

Lorna Glen (Figure 2) was used as a case study for determining the extent and distribution of

mulga in spinifex-dominated landscapes. As discussed above, species of interest for carbon
biosequestration in these landscapes are A. aneura and its close relatives, or species that

have similar taxonomy, vital attributes, life histories and fire responses to A. aneura. At

Lorna Glen, close relatives of A. aneura that co-occur with spinifex include A. ayersiana, A.
incurvaneura, A. mulganeura and A. aptaneura A. pteraneura and A. ramalosa var linophylla

(Bruce Maslin, pers. comm.). This group is genericallyr e f er r e d timtheacgrrend mul g a 6
study.

Aerial photography and satellite imagery were used with ground validation and assessment
to map mulga occurring in the Bullimore landsystem (spinifex dominated sand plains and
dune fields), which occupies about 35% (~86,000 ha) of Lorna Glen. The study area was
covered by aerial photography from two surveys - the western half was captured in 2008 and
digitised with 80 cm pixels, the eastern half was captured in 2011 and digitised with 50 cm
pixels. This imagery along with SPOT satellite imagery and recent Landsat 7 imagery were
used in the field as a background in mapping software.

A sample of fourteen mulga groves was identified from aerial photos and ground truthed for
confirmation and measur e meclumpsofn@gacomersiigawer e def i
canopy cover >20%. In addition to groves, mulga occurs as scattered trees in various parts

of the Bullimore landsystem, but the bulk of mulga biomass occurs in groves embedded in, or

fringing the Bullimore landsystem. Structural attributes of these groves, including canopy

cover and stem basal area were measured using belt transects of varying dimensions to fit

the size and shape of the groves. Following ground truthing, the full extent of mulga on the



Bullimore landsystem was then able to be mapped from aerial photography and estimates
made of the total mulga biomass (hence carbon store) made using the previously developed
relationships between canopy cover, basal area and biomass.

Soil texture at each site was estimated in the f
moistened and rubbed between the thumb and fingers. The waythe wet soi |l &éball s 1
6rolls outdé and holds together gi v®odsamplestappr oxi m

a depth of 30 cm were also taken beneath groves and outside the groves to determine the
extent to which edaphic factors (soil texture and moisture regime / drainage) regulated the
occurrence of mulga and of spinifex, but these are yet to be analysed in the laboratory.

To better understand how mulga is able to persist in a flammable, spinifex-dominated
landscape, fuel measurements, or the composition and extent of the ground layer of
vegetation beneath the mulga groves, was also assessed using the belt transects. Of
particular interest was the cover and continuity of spinifex, as this forms the dominant fuel.

2. Results and discussion

3.1 Post fire fuel biomass accumulation
Fuel biomass accumulation following fire in desert landscapes was modelled by Brett
Murphy, University of Melbourne, and is a function of time since fire and rainfall (Figure 3).

An Olson fuel accumulation curve (Olson, 1963) of the form;
Xt = Xss (1-e-kt) was fitted to the data, where:

Xt = weight of dry fuel biomass per unit area t years after fire

T = time since fire in years

Fitted parameters: Xss = weight of fine fuel accumulated under steady state conditions and k
= decomposition constant.

Fuel biomass accumulation is most rapid in the first 10-15 years post fire and by about 20-25
years, it more-or-less stabilises at about 8 and 10 t/ha (mean) for low and high rainfall
regions of the Western Desert respectively (Figure 3).
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Figure 3: Post fire fuel biomass accumulation in spinifex grasslands of the Western Desert (modeling
by Brett Murphy; data by N. Burrows).
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The mean annual area burnt in the Martu Determination over the period 1997-2013 was 7-
8% of the area, which equates to a mean fire return interval of 12-14 years. The analysis in
Table 1, based on the high rainfall fuel biomass models in Figure 3 and using the savanna
emissions factors (Dreyfus 2012), shows that increasing the mean fire return interval from 14
to 20 years would net a GHG abatement (i.e. methane and nitrous oxide) of 0.006 t CO,-e
ha* year™. This is only 13% of the abatement that WALFA generates - 0.045 t CO,-e ha*
year™ (Russell-Smith et al. 2013). Clearly, due to the rate of fuel accumulation in these
desert ecosystems (Figure 3), there is little gain in abatement and sequestration benefit by
extending the fire interval.

Under a 14 year mean fire return interval, mean fuel biomass would be ~5 t ha™* (8.44 t CO,-e
ha') and under a 20 year interval this increases to ~6 t ha™ (10.24 t CO,-e ha™). Therefore,
increasing the fire interval to 20 years would result in an increase in sequestration (into the
fuel biomass) of 1.80 t CO,-e ha™. Annualised over 50 years, it is 0.36 t CO,-e ha™* year™. In
most cases, it would not be feasible or ecologically desirable to repeatedly burn spinifex at
intervals shorter than about 12 years under cool conditions. Extending the fire return interval
to 20 years would require a supreme fire suppression effort, which is not feasible in these
landscapes. Over the longer term (several decades) the mean annual area burnt in the
northern part of the Western Desert is 7-8% in both areas dominated by Aboriginal burning
and in areas dominated by lightning fires (Bliege Bird et al 2012; Burrows et al. 2013). The
major difference being that most Aboriginal burning is done at a cooler time of year, so fires
are less intense.

Table 1: Comparison of emissions and sequestration for two fire intervals in spinifex grassland using
savannah burning methodology (Dreyfus 2012): C mass fraction = 0.46; Emissions factor CH, =
0.0031; Emission factor N,O = 0.0075; N:C ratio = 0.0096; Elemental to molecular mass CH, =
1.3333; Elemental to molecular mass N,O = 1.5714.

14 year fire interval 20 year fire interval
Abatement
Fuel burnt 0.58t ha™ year™ 0.45t ha™ year™
CH, emissions  0.0011t CH, ha™ year™ 0.0009 t CH, ha™ year™
NO, emissions 0.0000 t N,O ha™ year™ 0.0000 t N,O ha™ ¥ear’1
TOTAL emissions 0.032 t CO,-e ha™ year™ 0.026 t CO,-e ha™ year™”

Baseline: 0.032 t CO,-e ha™ year™
With management: 0.026 t CO,-e ha™ year™
Abatement: = 0.006 t CO,-e ha™ year™

Long term sequestration
(fuel biomass) 1.80t CO,-e ha™
Annualised over 50 years: 0.36 t CO,-e ha™ year™

3.2 Area burnt

A map of the recent fire history (1998-2012) of a 93,840 km? sample of the Martu Native Title
determination in the central-northern part of the Western Desert of WA is shown in Figure 4
(source: Burrows et al. 2013). Arbitrary boundaries of areas that were mostly burnt by Martu
hunters in the cooler season (managed areas) are shown (the &écool 6 season is fr
April-May to August-September). Beyond these areas, fires were caused by lightning in the
hotter season (September-October to March-April). In interpreting this map and other data
presented here, it should be noted that while the circled areas are delineated as
predominantly Martu burning, Martu did not travel to, or carry out burning in all parts of these
zones, so some fires are lightning-caused and may have originated either inside or outside
the Martu managed zone.

Figure 5 summarises the area burnt each year from 1994/95-2012/13 in both managed and

unmanaged zones. Notable featuresi ncl ude t he 6b oo massaaiatbdvitib ust 6 f |
rainfall patterns, especially in the O6unmanagedd zone wher

11



8.3% with a standard error of 2.01, or 24.2% of the mean, reflecting significant year-to-year

variability. The mean annual area burnt in the Martu-managed zone is slightly less (7.6%) but

the standard error is 1.39, or 18.3% of the mean, reflecting less year-to-year variability than

i n the O6unmadnfargeead b uzronnted data as mapped from sat
unburnt patches or pockets within fire scars so is higher than the actual burnt area. These

data are similar to data reported by Allan and Southgate (2002) for a largely unmanaged

region of the Tanami Desert (see Figure 6), whichshows6 boomé and O6bustd fire
the sixteen year period represented in Figure 6, the mean annual area burnt is ~9.6%, which

is similar to data from the northern part of the Western Desert.

Using the summary fire history sample data for central Australia reported by Allan and Griffin
(2002) for the period 1979/80-1984/85, the mean annual area burnt was 7.4%. These data
show that in spinifex grasslands of central Australia, the annual area burnt (including
unmapped unburnt patches/pockets within fire scars) is highly variable from year to year, but
over the long term, is ~7-8%. Assuming a mean biomass/fuel load of 6 t ha™*, and that
combustion is complete (rather than patchy), this equates to a mean annual combustion of
~100.8 million tonnes of vegetation of which ~38.4 million tonnes is on Aboriginal land.

Western Desert:
Fire Scar History
(1998 - 2012 October)

LEGEND

=] Western Desert Boundary
nﬂangu Mang Zones
=] Glenayle Station
=Gumrmnily (Parmngurr) Mang Zone
= Track Buffer Skm
= Track Network
A Waterbody
FIRE SCAR HISTORY
1008
1900

I 2010
I 2011
2012
I 2012 Ociober

0 125 B 50 s 100

Flometres

3

Tha Do g i o B it
[rmp———— e

Figure 4: Fire history (1998-2012) of a ~90,000 km® sample of the 200,000 km* Martu Determination
in Western Australia. Areas encircled by blue and purple lines are where Martu have been burning in
recent times (Source: Burrows et al. 2013).

12



O Martu @ Unmanaged

30

25

20

15

Area burnt (%)

10 +

5 4

0.

& 4\0% Q,\Qg

O P PRSP E QI &
A A NIAEN NN SN N A SN A N
FF R PSS F P SN NN

>

Year

Figure 5: Proportion of a project area (~90,000 km2) within the 200,000 km? Martu Native Title lands
burnteachyearby 6 ma n a g e m#lartu managadezané, mean = 7.6% burnt annum™; Lightning
dominated zone, mean = 8.3% burnt annum™ (Source: Burrows et al. 2013).
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Figure 6: Proportion of the Tanami Desert region area (101,687 km?) burnt each year; mean = 9.6%
annum™ (Source: Allan & Southgate 2003).

3.3 Fire patchiness

The burning efficiency (the proportion of area/fuel that is burnt within a burnt

patch/landscape) based on limited datafromé cool 6 season hunting fires
wildfires is shown in Table 2. Also shown are data from 1953 aerial photography of traditional

Pintupi/Martu burning. While there are limited data,as expected 6éhot dé& season
consume a significantly higher proportion of the
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Table 2: Fire scar metrics for Martu fires (1953 aerial photography, ground assessment of cool season

hunting fires) and (aelliteinagery).Bursng afficiency =vwatdhideEsi ar thes
proportion of fuel that is burnt within a burnt patch/landscape.
Fire size (ha) 1953 Aerial 1997- 2012 2011/12
photography Cool season Hot season | Cool season Hot season
Martu fires hunting fires wildfires hunting fires wildfires
Mean 64 365 1,882 410 (146) 5,262 (186)
Median 10 48 809 32 92
Range 0.5-6000 10-11,957 10-346,302 10-13,746 10-105,300
Mean burning 0.52 No data 0.62 0.82
efficiency (0.02) (0.02) (0.06)
(s.e)

Fi gre

Plate 1: LT Typical patchy low intensity cool season Martu hunting fire. R Virtually complete

Examples of
(R). Unburnt patches are darker colour. Note scale difference between images (Google images taken
October 2013).

t he

patchiness

combustion of vegetation following a high intensity hot season wildfire.

3.4 Mulga biomass from excavated trees
Thirty two mulga trees (A. aneura) of various sizes were excavated and processed to

determine total dry biomass. Sampled trees ranged in height from 2.4 m i 6.0 m with stem

of

6cool 6

basal areas at ground level ranging from 52.7 cm?i 471.1 cm? The root system comprised a
dense network of radiating lateral and sinker roots, with no tap root. Lateral roots were
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mostly 10-25 cm below the soil surface. The largest roots were up to 40 mm in diameter
(measured near the stem) and up to 12 m long. The oven dry density of mulga roots and
above ground stem wood was calculated as 757 kg/m® and 1,120 kg/m® respectively, which
is the range of other workers (e.g. Adams et al. 2001). The allometric equations developed
by the current study (below) predict slightly higher biomass than those developed by Adams
et al. (2001) from a smaller sample in the Pilbara region of WA. They only measured above
ground dry biomass, so did not develop equations for total biomass.

Of the tree dimensions measured, stem basal area at ground level (BA) was the best
predictor of total oven dry biomass (TB) (Figure 8):

TBig = 0.663 (BAcmd) i 29.56  (R?=0.86), or:
TBionnes = 6.63 (BAm-z) T 0.029

Weaker relationships existed between total biomass (TB) and tree height (HT) and
tree canopy area (CA). Given the potential for tree canopy area to be estimated from
remote sensing (aerial photography or satellite imagery) it is likely to be a useful
metric for estimating mulga biomass (Figure 9):

TBiomes = 0.0093(CA2) i 0.0187 (R?=0.59)

Above ground biomass (AB) was related to stem basal area (BA) and canopy cover (CA) by
the following:

AByy = 0.53(BAcm?) i 22.15 (R?=0.86)
AByy = 7.45(CAy%) -12.96  (R?=0.61)

The relationships between above and below ground dry biomass is shown in Figure 10. The
mean shoot (above ground):root (below ground) ratio was 4.8:1, which is similar to many
other tree species (5:17 6:1).

Plate 2: Martu Rangers cleaning the root system of an excavated mulga tree
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