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exeCutIve SuMMARy

1. The ‘Great Western Woodlands’ (GWW) includes most of the contiguous residual 
natural woody vegetation to the east of the wheatbelt in south-western Western 
Australia. The conservation status and future of the region are being assessed by 
various government and non-government stakeholders, and there is a growing 
need for more quantitative understanding of the environmental services provided 
by GWW ecosystems—in particular, their role in carbon storage. Our results show 
that the natural vegetation of woodland and shrubland has been extensively 
modified by: 1) changed fire regimes (mostly human-induced); 2) timber cutting; 
and 3) mining and mineral exploration. The condition of GWW natural vegetation 
and prospects for its ecological restoration need to be factored into conservation 
planning and related policies and measures for natural resource management.

2. Biomass carbon stocks were calculated using measurements of tree dimensions 
from 21 field sites covering different vegetation communities within the GWW. 
Because there is no information specifically for the GWW, allometric equations 
that relate tree dimensions to biomass were compared from several studies of 
woodlands in Australia. Equations for woodland sites in Queensland (Burrows et al. 
2000, 2002), Northern Territory (Williams et al. 2005) and the wheatbelt in Western 
Australia (Jonson unpublished) were statistically sufficiently similar to be considered 
equivalent. The equation from Williams et al. (2005) was selected to convert the 
GWW site data into estimates of biomass because it included the variables of 
height and diameter, which account for variations in tree form that are likely due to 
variations in environmental conditions and as the result of tree damage.

3. Biomass estimated at field sites was extrapolated across the region using: 1) 
spatial data layers of mapped vegetation types (DEWHA 2005); 2) the fraction of 
photosynthetically active radiation intercepted by the green foliage of the evergreen 
vegetation canopy (FE) derived from MODIS satellite imagery (Paget and King 
2008); and 3) disturbance history information about land-use activities associated 
with timber cutting and mining. Biomass at the 21 field sites was related to FE within 
four categories of land use and vegetation type: 1) no mineral exploration and no 
timber cutting in eucalypt woodlands; 2) mineral exploration and no timber cutting 
in eucalypt woodlands; 3) timber cutting in eucalypt woodlands with or without 
mineral exploration; and 4) shrublands and non-eucalypt woodlands. Biomass was 
calculated from the value of FE in each pixel within the spatial extent of each of 
these four categories. Average total biomass (above and below-ground, living and 
dead biomass) was 21 t C ha-1 and the total for the GWW region was 312 Mt C1. 

4. We mapped the footprints of extremely severe fires in the GWW over the past 
35 years. Wildfire footprints were detected through the analysis of time-series of 
satellite imagery (1972–2007) and areas that had been burnt once, twice and 
three times during this period were mapped. These fires have resulted in the 
death of mature eucalypt tree stems over extensive areas and have initiated a 
pyric successional vegetation of seedlings and re-sprouts from roots. The pre-fire 
eucalypt woodland2 vegetation  structure has, following fire, changed to a pyric 
successional eucalypt or acacia-dominated shrubland3 vegetation structure. 

1        M (mega) is one million, or in scientific notation, 1 x 106.
2 Woodland: height of tallest stratum >10 m; low woodland: height of tallest stratum 5–10 m. 
3 Shrubland: height of tallest stratum <5 m.
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5. We conclude from our analysis that current vegetation types comprise mostly 
natural eucalypt woodland and pyric successional stages of shrubland 
dominated by eucalypt or acacia4.  These stages are demonstrated by the 
congruence between boundaries of vegetation mapping units and fire 
footprints. In accordance with this proposition, we have modified the mapped 
distribution of eucalypt woodland to account for the changes due to fires that 
post-date vegetation mapping. This modification involved reclassifying the 1.46 
million hectares of eucalypt woodland that had been severely burnt by fires 
between 1972 and 2007 into tall closed shrublands—a vegetation class that 
better describes the present pyric successional vegetation structure of eucalypt 
seedlings, saplings and lignotuber re-sprouts (mallee).

6. Disturbances by human land-use activities that have reduced biomass carbon 
stocks in the GWW include: 1) increased incidence of fire; 2) mining and mineral 
exploration on the greenstone lithology; 3) timber cutting; and 4) pastoralism. 
Field measurement-based estimates indicate that the current above-ground 
biomass of woodlands recovering from timber cutting (mostly for bio-fuel) in the 
first half of the past century could be at just 40–50 per cent of the above-ground 
biomass at carbon carrying capacity. Similarly, the above-ground biomass 
carbon of woodlands impacted by mineral exploration could be at about 70 
per cent of the value at carbon carrying capacity. The change in fire regimes 
is the major factor. Fire occurrence has increased due to human land-use 
activities within the GWW resulting in increases in ignition sources. Regeneration 
of eucalypts after fire as seedlings or re-sprouts produces denser vegetation, 
providing a more continuous fuel layer that carries more intense fires. These 
disturbance factors have, over extensive areas, both reduced carbon stocks 
within vegetation types and changed vegetation structure from woodland to 
pyric successional stages of dense mallee, marlock5 and acacia-dominated 
shrubland. In a hypothetical scenario of ‘no-disturbance’ condition—if the 
woodlands had not been impacted on by fire, timber cutting, mineral exploration 
and pastoral land management—where eucalypt woodland occupied all the 
area currently assumed to be under pyric successional stages, a total of 13 
million ha (double the current extent and 80 per cent of the GWW) would be 
woodland, and the total biomass carbon stock would be 915 Mt C (triple the 
current stock).

7. Soil carbon is the largest pool of terrestrial carbon and some components 
of the soil carbon store have great longevity. Few data exist to quantify soil 
carbon in woodlands and specifically in the GWW. We used the spatial data 
sets of the Australian Soil Resource Information System (CSIRO 2007) and field 
soil data from Wynn et al. (2006) to estimate an average soil carbon stock 
for the GWW of 40 t C ha-1 and total carbon stock for the A and B horizons 
of 639 Mt C. Soil carbon stocks likely have been reduced in areas where 
disturbance has reduced biomass. These estimates of soil carbon can, 
however, be considered only as indicative; further field survey is a priority. 

4 Note that heath and other non-eucalypt dominated shrublands and woodlands cover approximately 1.2 million ha of the GWW. 
Although we have estimated the current carbon stock of these communities, we have not developed a model to estimate their carbon 
carrying capacity under a no-disturbance scenario as we have no field data for the undisturbed or ‘climax’ state of these vegetation types. 
For these vegetation types, the carbon carrying capacity is equated to the current carbon stock.
5 Marlock is the term used to describe dwarf eucalypts having a single stem or mallee-like form but with poor development of a 
lignotuber.
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8. The estimated total carbon stock of the soil and vegetation in the GWW as of 
January 2008 was 950 Mt C. Under the hypothetical ‘no-disturbance’ condition, 
the total carbon stock is estimated at 1550 Mt C. 

9. Maximising carbon stocks in the GWW depends on both avoiding emissions from 
further degradation and restoring currently degraded eucalypt woodlands. 
The estimated total biomass carbon carrying capacity of 915 Mt C within the 
GWW (for the ‘no-disturbance’ scenario) should be considered as a maximum 
possible store of biomass carbon if intense fire had been excluded for several 
centuries and there had been no timber cutting, mineral exploration or other 
anthropogenic causes of woodland thinning. Given that the age of trees in 
undisturbed woodland sites is estimated to cover a range from 100 to 400 years 
(plus some trees that are very large and possibly very ancient), re-growth of 
pyric successional stages of vegetation to attain the structure and biomass of 
eucalypt woodlands would take a very long time.

10. The management of the GWW to maximise carbon stocks would require a 
substantial reduction in fire frequency and intensity. Ideally, the entire region 
should be placed under a conservation management planning overlay—
perhaps analogous to the management of the Great Barrier Reef in its entirety. 
Changing land tenure from vacant crown land to nature conservation reserve 
would provide for jurisdiction by the WA Department of Environment and 
Conservation (WADEC). Management activities by WADEC would need to 
include restricting vehicular access, providing additional resources for early 
detection and suppression of fires, imposition of total fire ban periods during 
conditions of high fire danger and establishing an education campaign to 
reduce accidental and deliberate ignition events. 

11. Conservation management options are most likely to succeed if they can be 
linked to the emerging carbon market and payments for land stewardship and 
ecosystem services. Therefore, it is important that state, Commonwealth and 
international policies and actions recognise the value of avoiding emissions 
from extant carbon stocks in the GWW, along with the sequestration potential 
from managing threatening processes. Incentives are needed that will enhance 
carbon stocks in the GWW through ecological restoration, while avoiding 
perverse outcomes such as inadvertently providing incentives to clear and 
degrade natural vegetation ecosystems.


