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6. SoIl CARBon

Soil is widely recognised as containing the largest pool of terrestrial carbon (Jobbágy 
and Jackson 2000) and components of the soil organic carbon pool (SOC) have great 
longevity—up to centuries or millennia. There are, however, very few studies of SOC 
in forest and woodland ecosystems in Australia. A study by Skjemstad et al. (1996), 
which covered a range of soil types, revealed that charcoal made up to 30 per cent of 
the SOC in the Australian soils they sampled. Other constituents having great longevity 
included humic acids and lignins.

There were no data for SOC for the GWW, so we needed to use a modelling approach 
to provide an estimate and complete the carbon budget. We identified two publicly 
available spatial data sets: the Australian Soil Resource Information System (ASRIS) 
(CSIRO 2007) and SOC data from the field study by Wynn et al. (2006). 

The ASRIS spatial data set provides only partial coverage of SOC in the GWW, but it does 
have full coverage of estimated soil thickness and bulk density of the A and B horizons. 
Where coverage exists, SOC of the A and B soil horizons was calculated (Figure 6.1). 

Figure 6.1 total soil organic carbon derived from ASRIS (CSIRo 2007) spatial data layers. 

Data source: SOC—Table A1.

The field survey of Wynn et al. extended over a wide range of environments within 48 
regions of Australia, but not in the GWW. They used 7050 soil cores to determine SOC 
for the top 30 cm of soils beneath trees and grasses for the 48 regions. They described 
the relationship between SOC (sandy soils) and the water availability index, W (see 
Equation 5.1), as a sigmoidal function. A supplementary table to Wynn et al. (2006) 
includes organic carbon fraction (fracC) values for the 48 regions. Using an average 
of the values of fracC in the top 30 cm obtained from sites with trees and grass, and 
excluding rainforest, pasture and graminoid (buttongrass-dominated) vegetation 
types, we derived the power relationship (Equation 6.1).
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equation 6.1

fracCWynn = 0.00000002W4000
1.736; R2 = 0.73, n = 39

in which 

W4000 = W + 4000 mm yr-1

The index of water availability, W, is defined in Equation 5.1. (Note: in Section 5, we 
calculated  W3000 as the addition of 3000 was sufficient to create a variable with positive 
values for the GWW. As Wynn et al. use W4000 for their continental data set, we use this 
value to apply to analyses with their data.) We applied Equation 6.1 to our spatial data 
layer of W4000 to obtain spatial estimates of fracC in the A horizon. We compared these 
spatial estimates (fracCWynn_A) with the values in the ASRIS data layer (fracCASRIS) using a 
linear regression analysis. The line of best fit was described by Equation 6.2.

equation 6.2

fracCWynn_A = 0.000023 + 0.366243 fracCASRIS_A ; R2 = 0.90

Although the spatial layers are correlated, the estimates based on the data of Wynn et 
al. are on average 37 per cent of the values given in the ASRIS database. The derivation 
of the ASRIS estimate and its source data are not known, thus we cannot conclude 
whether the ASRIS or the Wynn approach is preferable, except that ASRIS does not give 
coverage of SOC for the whole GWW.

We used the spatial estimates of fracCWynn_A along with the ASRIS horizon thickness and 
bulk density to estimate SOC of the A horizon. Because the organic carbon is derived 
mostly from near-surface and above-ground plant parts, the fraction of organic carbon 
in the A horizon is greater than that in the B horizon. Consequently, we needed to adjust 
fracCWynn_A, in order to estimate SOC in the B horizon. We find that for the area covered 
by ASRIS, the mean ratio of fracCASRIS_A: fracCASRIS_B is 2.13. Applying this ratio, we have 
Equation 6.3.

equation 6.3

fracCWynn_B =
 fracCWynn_A

               2.13

We used this spatial estimate of the fraction of SOC in the B horizon along with the ASRIS 
spatial estimates of the B horizon thickness and bulk density to calculate SOC for this 
soil layer. The estimates of SOC in the A and B horizons are presented in Figure 6.2 and 
Table 6.1.

The resulting estimated SOC—637 Mt C for the GWW or 40 t C ha-1—was constant across 
all four vegetation categories (Table 4.2). This is approximately twice as much carbon 
as we estimated to make up the total biomass in 2008 (see Table 4.1). We noted above 
that the carbon content estimated from the measurement data of Wynn et al. (2006) 
is about 37 per cent of the estimate based on the ASRIS layers. Thus, we might expect 
that, if ASRIS coverage for the entire GWW was available, it would result in an estimate 
of 1722 Mt C. This is almost twice as much carbon as we estimated to make up the total 
biomass in the hypothetical ‘no-disturbance’ scenario. 
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Figure 6.2 Map showing the estimated distribution of soil organic carbon (SoC, t C ha-1). 
Calculations were based on the relationship between the fraction of organic carbon in the 
soil and the water availability index, W, using the data provided as supplementary material 
to Wynn et al. (2006). the depths and bulk densities of the uppermost soil horizons (A and B) 
are from ASRIS (CSIRo 2007) spatial data layers.

Data sources: Table A1.

Harms et al. (2005) found that soil carbon stocks at uncleared sites in the semi-arid 
rangelands of central and southern Queensland averaged 41 per cent of the mean 
total C (soil C plus biomass C). This corresponded to an average soil carbon stock for 
the top metre of soil of 62.5 t C ha-1. In contrast, the SOCWynn estimate averages 67 per 
cent of the mean total C stock in the GWW. As the live biomass in the GWW has been 
greatly reduced over recent decades due to tree kill by fire, a greater proportion of 
SOC to total C might be expected.

table 6.1 estimates of mass of soil organic carbon in the GWW. the estimated ASRIS A+B 
horizons value is based on the relationship given in equation 6.2, which shows that, for the 
part of the GWW covered by ASRIS, our estimate based on the data of Wynn et al. is 37 per 
cent of the ASRIS value.

Method—soil horizon Average t C ha-1 Total for GWW Mt C

Wynn A –horizon 20.4 325

Wynn B –horizon 19.7 314

Wynn A+B horizons 40.1 639

ASRIS A+B horizons
= (Wynn A+B horizons) × 2.7

108.0 1 725


