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3.5 Soil organic carbon

Key messages

Management implications
• SOC loss could be minimised by reducing the impact of wind and 

water erosion, fire damage and loss of vegetation.

• SOC levels could be increased by increasing plant biomass and 
groundcover, especially on potentially productive degraded land.

Status and trend
• Soil organic carbon (SOC) levels in the WA rangelands are low by 

global standards, even in higher rainfall areas (Figures 3.5.1 and 
3.5.2).

• Rainfall has very little influence on SOC where average annual 
maximum temperature is above 24°C. All of the WA rangelands fit 
in this category.

• Predicted increases in temperature across the rangelands are 
likely to decrease potential SOC levels.

• Predicted increases in rainfall are unlikely to significantly increase 
SOC potential levels.
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Figure 3.5.1 Average soil organic carbon stocks in the Northern Rangelands
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Figure 3.5.2 Average soil organic carbon stocks in the Southern Rangelands
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Overview
Soil organic carbon (SOC) is derived from organic matter which ranges 
from living organisms to decaying plant material to charcoal. Organic 
matter has beneficial physical, chemical and biological influences on 
soil condition and plant growth and, in some soils, can be the major 
source of plant available nutrients. The inorganic carbon present in soil 
minerals (for example, calcium carbonate) is not considered here.

In this assessment, the values of SOC are represented in two ways: 
SOC at a given point (for example, a soil sample or soil profile) 
expressed as a percentage, and SOC for a given area expressed as a 
stock (tonnes/hectare [t/ha]).

The SOC stocks in the rangeland soils of WA are typically below 
15t/ha in the top 30cm of the soil profile, which is low by global 
standards (Hiederer & Köchy 2011).

SOC levels depend on the balance between organic matter inputs 
(biomass production) and organic matter losses (soil microflora and 
microfauna conversion rate and erosion). That is, SOC in any one 
environment depends on climatic, biological and soil physical and 
chemical factors.

Attainable SOC levels are largely determined by rainfall and temperature 
(see ‘Climate’ in Section 1.2) and soil clay content. As a general rule, 
SOC is positively correlated with rainfall and soil clay content, and 
negatively correlated with temperature. Actual SOC levels are also 
influenced by other factors: plant biomass, management, and site 
characteristics, such as landscape position and microclimate (Hoyle 
2013).

Increasing SOC levels is widely regarded as beneficial to soil function 
and fertility and has been associated with increased pastoral 
productivity. Although there is no ‘desirable’ SOC level for any soil–
location–management situation, in general, the loss of SOC adversely 
affects nutrient supply, soil water storage and carbon storage. Gains in 
SOC generally have the reverse effects.

Increasing SOC requires increased plant growth, increased organic 
matter inputs or reduced decomposition, or a combination of these.

Biomass removal, burning and erosion cause soil organic matter loss 
and are considered within the influence of management. Microbial 
decomposition is related to the temperature and water status of the 
soil, as well as the availability of substrates.

Where organic matter inputs outweigh organic matter losses, SOC 
levels should slowly increase (Hoyle 2013).

With soil being a major world carbon sink, increasing the amount of 
organic carbon in rangeland soils is seen as one way of decreasing 
atmospheric carbon dioxide concentrations and mitigating climate 
change.

Consequently, there is great interest in quantifying the ability of various 
soil types and land management practices to increase net organic 
carbon inputs to the soil, and carbon sequestration in the medium and 
long term.

Assessment method
The spatial unit for reporting SOC in the rangelands is the LCD. To 
compare, data are also presented for the south-west agricultural region 
and, to provide a similar resolution of spatial unit, DAFWA agricultural 
districts are used. The number of geo-located sites with SOC data is 
very limited in WA, with the lowest density of sites in the rangelands 
(Figure 3.5.3).

With the relatively sparse availability of measured SOC data in the 
rangelands, this assessment relies on modelling. Comparing the SOC 
estimates gained from using the purely modelled approach of the 
National Land and Water Resources Audit (NLWRA; Raupach et al. 
2001) with available SOC site data shows a modest correlation, which 
gives some confidence to the modelled SOC levels across the state 
(Figure 3.5.4). This figure also demonstrates the general observation 
that SOC levels tend to be low when temperatures are high.
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Figure 3.5.3 Location of sites that have laboratory analysis of SOC levels 
(%) in the top 10cm of the soil profile (site data sources: 
DAFWA, CSIRO and Geoscience Australia, various dates)
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Figure 3.5.4 Measured SOC levels (%) for available sites plotted against 
modelled (Raupach et al. 2001) SOC stocks (t/ha). A linear 
relationship is plotted in a solid red line. The circles represent 
the intersection of sites with measured SOC levels for the 
top 10cm of the soil profile with modelled SOC stocks for 
the top 30cm. The circle sizes are adjusted for the average 
annual maximum temperature at the site — the larger the 
circle, the higher the temperature, ranging from 19.1°C 
average annual maximum temperature for the smallest circle 
to 34.7°C for the largest circle.
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Status and trend

SOC stocks
During the NLWRA, estimates of SOC stocks in the top 30cm of the soil 
profile for 1997–2008 were modelled (Figure 3.5.5; Raupach et al. 2001). 
The modelled levels have been averaged (modal level) for each LCD 
and in most areas, the modelled SOC stocks in the rangelands are low 
(Figure 3.5.6).

More recent modelling of carbon data by Viscarra-Rossel et al. (2014) 
has created a new baseline map of SOC stocks across Australia. In 
general, this map echoes the results of the NLWRA and demonstrates 
that carbon levels throughout the WA rangelands are generally low and 
driven by rainfall and temperature. This section is based on the NLWRA 
estimates, but similar conclusions would have been reached if the more 
recently published baseline map had been used.

Since 2013, Rangelands NRM (WA) has undertaken intensive field 
sampling and measurement aimed at increasing knowledge of the 
distribution of SOC stocks in a limited number (about 5%) of land 
systems in the WA rangelands.

The results show that SOC stocks vary considerably between land 
systems, depending on the climate, soil and vegetation type and 
condition in each land system (Russell & Williams in prep.). The results 
to date show the highest SOC stocks (25–35t/ha) are in the coastal and 
tidal flats in the Kimberley (Alchin et al. 2010) and the lowest stocks  
(6t/ha) are on the mulga hardpan wash plains in the Murchison (Russell 
& Williams in prep.). These results are consistent with the generalised 
results at the LCD scale used in this report, acknowledging that within 
any LCD there will be a range of SOC stocks based on a range of 
environmental factors.

Effect of temperature on SOC levels
An analysis of average SOC levels for each spatial unit shows that 
above about 24°C average maximum temperature, rainfall has very little 
influence on SOC levels (Figure 3.5.7). All of the rangeland LCDs fit in 

Figure 3.5.5 Modelled SOC stocks (t/ha) for the top 30cm of the soil 
profile (source: Raupach et al. 2001). The naming of 
categories from very low to very high is within the WA range 
of levels, not global ranges.
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Figure 3.5.6 Modelled SOC stocks (t/ha) for the top 30cm of the soil 
profile by modal level within each LCD (adapted from 
Raupach et al. 2001)
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Figure 3.5.7 Average SOC levels (%) in 0–10cm of the soil profile plotted 
against average annual maximum temperature for each 
spatial unit. The solid circles represent averages within each 
of the rangeland LCDs and the unfilled circles represent 
averages within the south-west agricultural region. The circle 
sizes are scaled by rainfall — the larger the circle, the higher 
the rainfall, ranging from 204mm average annual rainfall for 
the smallest circle to 1054mm for the largest circle.
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Figure 3.5.8 Average annual maximum temperature (°C) in WA for the 
30-year period 1971–2000 (source: Bureau of Meteorology 
2016a)

Figure 3.5.9 Trend in annual mean temperature for 1970–2015 
(°C/10 years) (source: Bureau of Meteorology 2016b)

this category (Figure 3.5.8). In contrast, rainfall is a major influence on 
SOC levels in areas with an average annual maximum temperature 
below 24°C, such as in the south-west agricultural region. Generally, in 
these cooler areas, the higher the rainfall, the higher the SOC levels.

This generally negative correlation between SOC levels and 
temperature is well documented (Kirschbaum 1995) and because of 
this temperature influence, current evidence indicates SOC levels are 
unlikely to significantly increase with increased rainfall in rangeland 
areas.

The evidence from Figure 3.5.7 also indicates that SOC levels greater 
than 1.5–2% is unlikely anywhere in the rangelands, irrespective of 
management.

Effect of predicted climate trends on SOC levels
Mean temperatures have been rising throughout most of WA over 
the last 40–50 years (Figure 3.5.9). Climate forecasts indicate that 
these trends are likely to continue and although the actual degree of 
temperature rise is uncertain, most models predict significant increases 
over the next 60 years.

Figure 3.5.10 shows predicted temperature changes from 2014 to 
2070 under three greenhouse gas emissions scenarios. Even under 
the most optimistic scenario (low emissions and 10th decile of results), 
temperatures are predicted to rise by 0.6–1.5°C, and under more 
realistic predictions — medium emissions, 50th percentile (average) 
results — rises of 2–3°C are predicted across most of the rangelands. 
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Figure 3.5.10 Predicted annual temperature changes for WA from 2014 
to 2070 under low, medium and high emissions scenarios 
(source: Climate Change in Australia 2014)

Figure 3.5.11 Predicted annual rainfall changes from 2014 to 2070 under 
low, medium and high emissions scenarios (source: Climate 
Change in Australia 2014)



110 111

This predicted temperature rise is likely to result in a decline in SOC 
levels.

Under the low emissions scenarios, SOC levels are likely to increase 
slightly in tropical regions, such as the Kimberley, but stay static or 
decline elsewhere. However, under high emissions scenarios, which 
lead to large temperature increases, SOC levels will universally decline 
(Grace et al. 2006).

Predictions for rainfall change show greater variability. Under all 
emissions scenarios, the 50th percentile (average) results predict 
rainfall to decline over most of the rangelands, except in the northern 
Kimberley where a neutral trend is expected (Figure 3.5.11). The 
predicted rainfall declines in most areas of the rangelands combined 
with predicted temperature rises across all areas will put strong 
downward pressure on existing SOC levels.

SOC sequestration rates
SOC sequestration rates have not been comprehensively studied in 
the WA rangelands. Two WA studies that have measured or modelled 
SOC sequestration rates in the Pilbara pastoral grasslands provided 
SOC sequestrations rates ranging from 0.02t/ha/y on Yalleen Station 
in the Roebourne – Port Hedland LCD (Alchin 2012) to 0.07t/ha/y on 
Cheela Plains Station in the Ashburton LCD (Wiley et al. 2007). These 
values are similar or slightly lower than rates determined for the North 
American Great Plains (Dermer & Schuman 2007).

Management implications
Land management plays an important role in maximising the SOC 
levels within the primary constraints of rainfall, temperature and soil 
clay content. Improving land management and biomass production, 
and rehabilitating degraded sites could increase SOC levels twofold 
or threefold (Russell & Williams in prep.) and potentially return them 
to predegradation levels. Rehabilitating large areas of degraded sites 
could lead to large increases in SOC levels.

Most of the SOC is stored in the top 30cm of the soil profile (Griffin et 
al. 2013) and if this layer is lost through erosion (wind or water), it may 
take many decades or more to rebuild this layer and replace the lost 
carbon stores.

Rehabilitating degraded land can be accelerated through intervention 
(Payne et al. 2004, Bastin et al. 2001); however, intervention is very 
expensive and recovery can be very slow and uneconomical for highly 
degraded sites in areas with variable seasons (Sparrow et al. 2003). 
In areas that are actively eroding, intervention may be the only way to 
stabilise the system and begin a recovery process (G Bastin [CSIRO] 
2014, pers. comm., 9 May). Therefore, it is critical that soil condition 
is maintained or improved and management practices that adversely 
affect soil condition are avoided.

Although intrinsic or natural SOC sequestration rates for most 
rangeland ecosystems are very low compared to improved agricultural 
cropland and pasture soils, the multiplier-effect of very extensive 
rangeland areas means that the rangelands account for significant 
stocks of SOC. There exists some potential to increase SOC content 
over areas of degraded rangelands soils; however, the potential is 
variable. Based on limited data, the highest potential for additional 
sequestered carbon (also known as incremental carbon) in the shorter 
term (one to two decades) probably exists in the degraded parts of the 
most fertile grassland soils, that is, the clay- or silt-rich alluvial plain 
soils, particularly the self-mulching, cracking-clay types of the Northern 
Rangelands.
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