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4. SPAtIAl BIoMASS And CARBon eStIMAteS FoR tHe GWW, 2008

Based on the methods and data detailed above, estimates of biomass and carbon 
content for the GWW are presented in Figure 4.1 and Table 4.1. We have assumed 
that carbon makes up 50 per cent of plant dry-mass or biomass (Gifford 2000). The 
four equations in the previous section were used for the categories of: undisturbed 
woodland (Figure 3.13); woodland disturbed by timber cutting (regardless of mineral 
exploration; Figure 3.15); woodland not disturbed by timber cutting but disturbed by 
mineral exploration (all uncut woodland on granite-greenstone lithology); and other 
woody vegetation of heath, shrub, marlock, mallee and low open woodland (Figure 
3.13). In cases where both mineral exploration and timber cutting have occurred, the 
equation for timber cutting (Equation 3.10) was applied, as this represents the greater 
disturbance. AGB was calculated from the FE value for every pixel within the area for 
each category. BGB and AGBdead were then calculated from AGB. The sum of biomass 
carbon for the area of each category gave the total biomass carbon for the area 
mapped as the GWW to be 312 Mt. This value represents the current carbon stock 
inclusive of the impacts of human activities and natural disturbance regimes. Table 4.1 
gives the estimated current biomass and biomass carbon stock for the GWW, while in 
Table 4.2 the values for the four vegetation categories are shown. A map showing the 
distribution of AGB is presented in Figure 4.1. In this figure, we also provide histograms 
showing the frequency distribution of grid cells within size classes of AGB predicted 
by our models for the present (2008) vegetation and the ‘no-disturbance scenario’ 
(Chapter 5). We have not provided maps of the other biomass components as these 
have a linear relationship to AGB.

We compared the GWW total biomass carbon stock estimate with an estimate derived 
from the continental analysis of Berry and Roderick (2006) of 437 Mt. The latter estimate 
was derived using global empirical relationships between fluxes (net primary productivity 
and gross primary productivity) and carbon stocks in stems, roots and leaves. The 
GWW values were extracted from the spatial layer of continental carbon stocks. Berry 
and Roderick assumed that the GWW vegetation was in its climax successional state 
and did not account for the removal of biomass carbon through timber cutting. The 
inputs included a data set of FE calculated from the 1981–91 monthly time-series of 
NDVI at ~5 km × 5 km spatial resolution sourced from NOAA AVHRR10  satellite imagery. 
FE is an input variable into the Berry and Roderick model and our spatial estimates, 
but the FE spatial layers for the two models were derived from different satellite data 
sets—different satellite sensors and different time periods, 1981–91 for the Berry and 
Roderick model. We tested the possibility that differences in FE could be a major driver 
of differences in model outputs. We re-projected the FE spatial data layer of Berry and 
Roderick (2006) to match the projection and grid-cell size of our MODIS imagery, then 
created a difference image by subtracting the mean FE for the 12-month period (from 
July 2006 to June 2007) from the re-projected Berry and Roderick image. This difference 
image is shown in Figure 4.2. This revealed that over large areas of the GWW there is 
little difference in FE between the 1981–91 period and our 2006–07 imagery. In some 
parts of the GWW, however, FE clearly is lower at present than it was two decades ago. 
To assess the reasons for this change, we show the fire footprints and land tenure as 
overlays in Figure 4.2. Major reductions in FE appear to result from fire, but land clearing 
associated with livestock grazing and mining also appears to have reduced FE in the 
northern GWW where fire is absent.

10 National Oceanic and Atmospheric Administration Advanced Very High Resolution Radiometer.
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Figure 4.1a
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Figures 4.1 (a) Map showing estimated above-ground biomass (AGB, t ha-1 ) for the GWW 
based on vegetation structure shown in Figure 3.13. (b) Histogram showing the frequency 
distribution of 250 m × 250 m grid cells within size classes of AGB for the present (2008) 
vegetation (see Figure 3.13) and the predicted AGB for the ‘no-disturbance scenario’ 
(see Figure 3.14). the AGB carbon is equivalent to 50 per cent of the AGB and it has units 
of t C ha-1.
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Figure 4.2 difference image showing the change in Fe between 1981–91 (Berry and 
Roderick 2006) and 2006–07. Red areas indicate a reduction in greenness since 1981–91 
and green areas indicate an increase. Cream areas show no change. Single hatches 
indicate fire footprints mapped over the period 1991–2007. Cross-hatching identifies the 
location of land under leasehold and freehold land tenure types.

The estimated mean AGB carbon of long-undisturbed woodland (category [i] in Table 
4.2) is 24 t ha-1 while the mean living biomass carbon (AGB + BGB) is 38 t ha-1. These 
values fall within the range of biomass carbon estimates reported for studies in other 
Australian woodlands (Table 4.3). We find, however, that the carbon density (t C ha-1) of 
living biomass in the long-undisturbed woodlands of the GWW is just 13 per cent of the 
estimated mean carbon density in living biomass of long-undisturbed forests of south-
eastern Australia (Table 4.3). This is to be expected, as the south-eastern forests occur 
where there is much greater water availability throughout the year (Specht 1981) 
and consequently there are more trees per hectare having larger stem diameters 
(dbh) and taller stems. All else being equal, we would predict from Equations 3.8 and 
3.9 that AGB of woodland affected by mineral exploration (that is, on greenstone), 
but not affected by timber cutting (category [ii] in Table 4.2), would be ~70 per cent 
of the value for the long-undisturbed woodland (category [i]), and this is the case. 
Similarly, Equations 3.8 and 3.10 predict that the AGB of woodland affected by timber 
cutting (category [iii] in Table 4.2) should be ~52 per cent of the category (i) value. 
We find, however, that the category (iii) value is just 46 per cent of the category (i) 
value. A substantial area that has been subjected to timber cutting previously is now 
leasehold land tenure and, as we noted above, the woodland appears to have been 
partly cleared or thinned. Consequently, the carbon stock has been reduced more 
than would be expected from timber cutting alone. 

For shrublands and non-eucalypt dominated woodlands (category [iv]) that now 
cover ~54 per cent of the GWW, the estimated mean AGB carbon is 4 t ha-1. This is 
comparable with estimates obtained for heath by several studies in southern Australia 
and for eucalypt re-growth in semi-arid Queensland (see Table 4.4). Our estimate of 
3 t C ha-1 for BGB is, however, much lower than published estimates of BGB of heath 
(Table 4.4). Thus, we could have underestimated the BGB of category (iv) vegetation, 
though this would need to be confirmed by field studies. 

These results for the spatial estimation of biomass for the GWW are limited by the 
available data and information used as input to the models. The 21 field sites provided 
limited calibration data given the large variation in vegetation type and disturbance 
classes. It is also important to be clear on the assumptions used in our modelling.
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• We assumed that the trees in the GWW are similar in wood density, structure, 
degree of piping by termites, and so on, to the trees from which the applied 
allometric equation was derived.

• We identified two major types of disturbance in woodlands—timber cutting and 
mineral exploration—and we applied individual equations that related canopy 
greenness to AGB (Equations 3.9 and 3.10) to account for the impact of each of 
these types of disturbance on the site AGB. We do not know precisely the extent to 
which the biomass was impacted, or has recovered, within the area mapped as 
being disturbed. We do not specifically model the impacts of pastoralism. Where 
woodland under leasehold land tenure has been disturbed by mineral exploration 
and/or timber cutting, we applied Equations 3.9 and 3.10. We assumed that any 
additional woodland thinning or clearing due to pastoralism was adequately 
accounted for in these equations through a reduction in canopy greenness (FE).

• We do not have reliable allometric equations for non-tree woody species. Rather, 
we used an estimated geometric function for which field validation is necessary. 
We note, however, that in studies of forest vegetation biomass carbon, the shrub 
component is commonly not estimated as it is very small in comparison with the 
tree biomass.

• Boundaries of the disturbance categories of timber cutting and mineral exploration 
were derived from available maps. The timber-cutting map shows the general 
area of cutting but no information about intensity or volumes of timber extracted. 
The mineral exploration impacts were based on the 1:250 000 scale surface 
lithology layer (see Figure 2.6). We assumed that all areas within the mapped 
granite-greenstone belt have been equally impacted by mineral exploration.

• We modified the NVIS MVG vegetation map layer to take into account the 
impacts of fire on AGB. Areas mapped as eucalypt woodland (MVG 5) on the 
NVIS extant vegetation map, which have since been burnt in intense fires, were 
reclassified as low closed forests and tall closed shrublands (MVG 15) on our map 
of the vegetation structure of the GWW in 2008. We have assumed that intense 
fire kills all large eucalypt trees in the GWW and that they are replaced with a 
dense thicket of regeneration arising from seeds or root suckers. This assumption 
is consistent with published accounts and our analyses but needs to be further 
validated by additional field investigations and analyses.

• BGB and AGBdead are calculated as proportions of AGB. Thus, any errors in the 
estimation of AGB will be carried through into estimates of these other biomass 
components. We have no site measurement data to validate estimates of these 
components.
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table 4.1 estimated biomass and biomass carbon for the GWW. the area of vegetation cover over 
which the calculations are based is 14 926 197 ha. three sets of values are given: present (2008) 
condition is the ‘best estimate’ based on current knowledge; no-disturbance scenario is an estimate 
of ‘what might have been’ if the woodlands had not been impacted on by fire, timber cutting, 
mineral exploration and pastoral land management; the Berry and Roderick ‘pveg’ is derived from 
their estimates (Berry and Roderick 2006) of biomass carbon for the Australian continent based on 
noAA AvHRR satellite data from 1981 to 1991 and global empirical equations.

Present 2008 condition
Average 
biomass
 t ha-1

GWW total
Mt

Average 
biomass 
carbon
 t ha-1

GWW total  
carbon Mt

AGB
From Equations 
3.8–3.11

21.4 320 10.7 160

BGB AGB × 0.6 12.8 192 6.4 96

Live 
biomass

AGB + BGB 34.3 511 17.1 256

AGBdead AGB × 0.35 7.5 112 3.8 56

AGBtotal AGB + AGBdead 28.9 432 14.5 216

Total 
biomass AGBtotal + BGB 41.8 624 20.9 312

Berry–Roderick pveg

AGB Live biomass × 0.625 30.0 448 15.0 224

BGB Live biomass – AGB 18.0 269 9.0 134

Live 
biomass

From Berry and 
Roderick

48.0 716 24.0 358

AGBdead AGB × 0.35 10.5 157 5.3 79

AGBtotal AGB + AGBdead 40.5 605 20.3 303

Total 
biomass

AGBtotal + BGB 58.5 874 29.3 437

No-disturbance scenario (that is, what might have been)

AGB
From Equations 3.8 
and 3.11; FE from W 
(Equations 5.1 & 5.2)

62.9 938 31.4 469

BGB AGB × 0.6 37.7 563 18.9 281

Live 
biomass

AGB + BGB 100.6 1 501 50.3 751

AGBdead AGB × 0.35 22.1 330 11.0 165

AGBtotal AGB + AGBdead 84.9 1 268 42.5 634

Total 
biomass

AGB_total + BGB 122.7 1 831 61.3 915
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table 4.2 estimated biomass carbon in 2008, for each of the modelled vegetation categories.

Modelled class

(i) No timber 
cutting, 

no mineral 
exploration 
disturbance

((ii) Mineral 
exploration, no 
timber cutting

(iii) Timber 
cutting

iv) Shrublands 
and non-
eucalypt 

dominated 
woodlands

Area (× 1000 ha) 3327 2319 1269 8012

Carbon component t C ha-1 Mt C t C ha-1 Mt C t C ha-1 Mt C t C ha-1 Mt C

AGB mean  [standard deviation] 24 [14] 79 17 [11] 22 11 [6] 25 4 [3] 34

BGB mean 14 47 10 13 6 15 3 20

Living biomass 38 127 27 40 17 35 7 54

Total biomass (living + dead) 46 155 33 48 20 42 8 54

Soil 38 125 39 91 39 49 42 339

total carbon stock 84 280 72 139 60 91 51 406

table 4.3 Comparison of carbon stocks for the GWW and estimates published by other studies for Australia 
woodlands11.

Vegetation type and location Author
Carbon stock (t C ha-1) mean 

[standard deviation]

AGB BGB living

Temperate eucalypt woodland, no timber 
cutting, no mineral exploration disturbance GWW

This study 24 [14] 14 38

Tropical savanna woodland
Cook et al. (2005)
Kapalga, NT

22.9 [7.8] shallow 
soil 43.5 [6.6]  
deep soil

Tropical savanna woodland Chen et al. (2003) 30.7 [7.3] 19.3 [12.6] 50 [19.9]

Black box woodland, Victoria Grierson et al. (1992) 25.0

Eucalyptus crebra intact woodland, central 
Queensland

Burrows et al. (2000) 56.7 [13]

Eucalyptus melanophloia intact woodland, 
central Queensland

Burrows et al. (2000) 20.7 [4.7]

Eucalyptus populnea intact woodland, 
central Queensland

Burrows et al. (2000) 35.2 [4.9]

Eucalypt on hills, mature; semi-arid 
Queensland (rainfall 460–780 mm yr-1). Mean 
canopy cover 32.4%

Fensham et al. (2002) 36.0

Eucalypt on clay, mature; semi-arid 
Queensland (rainfall 460–780 mm yr-1). Mean 
canopy cover 16.9%

Fensham et al. (2002) 18.3

Eucalypt on texture-contrast soils, mature; 
semi-arid Queensland (rainfall 460–780  
mm yr-1). Mean canopy cover 24.9%

Fensham et al. (2002) 34

Eucalypt on sand, mature; semi-arid 
Queensland (rainfall 460–780 mm yr-1). Mean 
canopy cover 29.3%

Fensham et al. (2002) 29.7

Eucalyptus populnea open woodland, 
central-west NSW

Harrington (1979) 27.3

Carbon carrying capacity, south- 
eastern Australia forests

Mackey et al. (2008) 289 [226]

11 See Raison et al. (2003) for a summary of biomass estimates.
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table 4.4 Comparison of carbon stocks for GWW shrubland vegetation and estimates published by other 
studies for Australian shrublands12.

Vegetation type Author and location
Carbon stock (t C ha-1) 

mean [standard deviation]

AGB BGB living

Temperate shrubland, GWW This study 4 [3] 3 7

Eucalypt on texture-contrast soils, re-growth  
<5 m tall; semi-arid Queensland (rainfall 460–780 

mm yr-1). Mean canopy cover 5.8%

Fensham et al. (2002) 1.7

Eucalypt on sand, re-growth  
<5 m tall; semi-arid Queensland (rainfall 460–780 

mm yr-1). Mean canopy cover 14%

Fensham et al. (2002) 2.1

Acacia on clay, re-growth  
<5 m tall; semi-arid Queensland (rainfall 460–780 

mm yr-1). Mean canopy cover 9.1%

Fensham et al. (2002) 2.2

Heath, south-eastern South Australia Specht et al. (1958) 13.2

Heath, south-eastern South Australia, 12 years 
post-fire

Specht (1966) 4.6

Heath, south-western WA Low and Lamont (1990) 7.0 15.4 22.7

Heath, Frankston, Victoria Jones (1968) 4.8
5.1

30
37

34.8
42.1

Heath, Wilsons Promontory, Victoria Groves (1965) 3.9 21 24.9

Heath, Wilsons Promontory, Victoria Groves and Specht 
(1965)

6.8
9.0

14.0

6.6
17.3

13.4
26.3

12 See Raison et al. (2003) for a summary of biomass estimates.


