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1. Carbon Farming in Rangelands – the quick explainer. 
 

2. These opinions were presented by AiC to the independent panel 
review of the integrity of Australian Carbon Credit Units. 
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1.0 Introduction 
 
Rangelands cover 81% of Australia’s arid interior and support ecosystems including savanna, 
woodland, shrubland, grassland and wetlands (DCCEEW 2021). Rangelands have historically been 
used for stock grazing as they are too dry to support agricultural crops. Historical over-grazing has led 
to degradation of these ecosystems. However, when appropriately managed, the rangelands’ natural 
ecosystems can regenerate from this degraded state to absorb and store atmospheric carbon dioxide. 
Storing carbon in Australia’s rangelands – mainly through Human-Induced Regeneration (HIR) of 
Permanent Even-Aged Forest 1.1 (2013) methodology. This method only can be applied if the area: 
 

• has grazing activities that have suppressed tall shrubs and tree growth, and 
• has forest cover potential, and 
• the timing and extent of grazing can be changed to allow areas of forest to 

regenerate. 
 
Many of the HIR projects undertaken during the early stages of the Carbon Farming Initiative occurred 
in high rainfall areas (above 300 mm) and under the old compilation of the method (before February 
2018). The majority of these projects are located in NSW and QLD. Refer to Figure 1, rainfall zones in 
Australia. 

Since 2018, new projects have been developed under the new HIR compilation in lower rainfall zones 
(under 300 mm) across Australia.  

 

 

                 Recently, there has been commentary on HIR projects under the old compilation 
methodology for projects located in QLD and NSW (400-1000 mm rainfall areas). 

 
It appears the commentary did not include new analysis of projects under the new compilation 

method, in other rainfall zones across Australia (200 – 300 mm rainfall zones).  
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Figure 1. Rainfall Zones in Australia 

 

 
2.0 Woodlands do grow in the Rangelands. 
 
Six Major Vegetation Groups found within the rainfall band of 200 – 300 mm, described by the 
Department of the Environment and Energy, have dominant tree and shrub species which can form 
forests (as per the Clean Energy Regulator definition of forest).  
 
The woodlands are: 

• Eucalypt woodland  
• Casuarina forests and woodlands  
• Mallee woodlands and shrublands 
• Acacia shrublands  
• Other shrublands 
• Other open woodlands 

  
Mulga woodlands (Acacia shrublands) are typically one of the most important keystone carbon 
farming species under the HIR method. Mulga forests are widely distributed, refer to Figure 2.  
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Figure 2. Major Vegetation Groups in Australia, describe by defined by the Australian Government’s 
Department of the Environment and Energy 

Source: https://www.researchgate.net/figure/Distribution-of-major-vegetation-types-in-Australia-Map-was-
generated-based-on_fig3_334576884 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6m 

Figure 3. Mature Mulga in 200 mm rainfall zone, South Australia 

https://www.researchgate.net/figure/Distribution-of-major-vegetation-types-in-Australia-Map-was-generated-based-on_fig3_334576884
https://www.researchgate.net/figure/Distribution-of-major-vegetation-types-in-Australia-Map-was-generated-based-on_fig3_334576884
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3.0 Ecological systems require management. 
 
Ecological systems degrade because of human intervention and improve with good ecological 
intervention. A fundamental ecological principle known as state and transition has been used and 
modelled in ecology for decades. The premise involves that if an ecosystem is not managed then the 
condition will decline and will be at risk of moving into another ‘state’, typically a degraded one.  

One of the fundamental foundations behind HIR is to avoid ecosystems moving into dysfunctional 
degraded state due to total grazing pressure. Leaving an ecological system to rainfall alone will not 
improve rangeland ecological function, grazing must be managed.   

 
4.0 Grazing of rangelands cause of degradation. 
 
Suppression mechanisms impacting native vegetation within rangelands can be defined as animals 
(stock and feral) browsing on vegetation, commonly referred to as “total grazing pressure”. Total 
grazing pressure can result in stunted growth, death and limited or no recruitment of native 
vegetation. A direct result can be that vegetation communities cannot form into a ‘forest’.   

Figure 4 below conceptually illustrates the relationships between threatening processes in the 
rangelands. The light blue boxes represent ‘risk factors’ to vegetation growth. The light green boxes 
represent vegetation process (i.e., recruitment) which are then linked to the ‘green box’ representing 
the vegetation. The risk factors, (i.e., grazing and water availability) have a direct correlation to the 
level of baseline suppression which directly impacts carbon sequestration and storage outcomes 
(orange boxes).    

  
Figure 4. Rangelands conceptual model 

Sourced from Nolan et al 2019. 
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Publications such as this appear not to have been referenced in formulating opinions regarding how 
rangelands operate. For example, the report referenced in Figure 4 by Nolan states that “Mulga has 
a very high mortality under grazing, particularly by livestock”.  

Other studies have concluded that: 

 

“Grazing pressure removes native grasses, shrubs and small trees, and prevent the recruitment of 
trees and shrubs will reduce the rate of carbon gain, decrease the capacity of the vegetation to 

store carbon, and produce a net carbon loss” 
 

(Witt et al. 2011) 
 

 

 

Grazing pressure from sheep and goats can slow and prevent the recruitment and growth of 
mulga. 

(Harrington 1979; Brown 1985; Fensham et al. 2011b; Witt et al. 2011) 
 
 

 

 

Increased plant species richness and recruitment of mulga has been observed when grazing 
pressure is reduced. 

 

(Fensham et al. 2011b; Witt et al. 2011) 
 

 

 

Browsing by livestock (especially sheep and goats) can limit the establishment and growth of small 
mulga trees. 

 
Livestock grazing can be compatible with reforestation in mulga, as long as grazing pressure is held 

at low to moderate levels, and strategic spelling is adequate to allow tree recruitment. 
 
(P.J. Peeters and D.W. Butler 2014)  
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5.0 Total Grazing Pressure 
 

The concept of total grazing pressure appears not to have been included in recent analysis by 
commentators. The impact of camels and goats can be especially significant in rangeland systems.  

 
Figure 5. Camels browsing on shrubs and trees has a significant impact on native vegetation. 

 

 
Figure 6. Camel distribution and abundance across Australia 
 
This figure shows that camels are common and widespread through may areas of the rangelands  
 

Source: https://www.bbc.com/travel/article/20180410-the-strange-story-of-australias-wild-camel 

Source: https://www.dcceew.gov.au/sites/default/files/documents/rangelands08-pulse.pdf 
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Goat populations within rangelands are particularly devastating, figure 7 below illustrates the 
historical goat populations across Australia. 

 

Figure 7. Historic goat populations across Australia 

Source: http://era.daf.qld.gov.au/id/eprint/3631/1/Distribution_abundance_and_harvesting_of_feral_goa.pdf 

 

Goats browse trees and shrubs more than sheep and cattle which can consist of up to 55 % of their 
diet. Goats can remove all foliage up to a forage line of 1.8 m.  Figure 8 below illustrates goat impacts 
on acacia shrub within the 200 – 300 mm rainfall band.  
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Figure 8. Goat impacts on acacia shrub within the 200 – 300 mm rainfall band 

 

6.0 Grazing exclusion Case Study 
 

In our opinion, the recent commentary on HIR,  has not referenced the decades of rangelands research 
regarding rainfall and grazing. Conclusions that lead readers to the conclusion that rainfall is the only 
driver for regeneration is, in our opinion, flawed. Analysing data from long term research sites such as 
Koonamore Reserve in South Australia clearly shows that grazing has an impact on vegetation growth. 
The Koonamore Reserve work has also been peer reviewed and published. Examples like this have not 
been included by commentators.  

Figures 9 and 10 below illustrate the impact of an exclusion zone from grazing set up in 1926. Outside 
of the exclusion zone is still being grazed, while inside the reserve regeneration is possible with grazing 
of stock and rabbits removed.  
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Figure 9. Contrast between Koonamore Vegetation Reserve (ungrazed by stock since 1926) compared to 
Koonamore Station is visible by satellite at 1:3000 scale. 

 
Figure 10. Koonamore station northern border illustrating contrast between grazed and ungrazed.  

 

Rainfall is identical within and outside of Koonamore Reserve, the only difference is that grazing of 
stock and feral animals are managed inside the reserve. 

 
The results also show that:  

“Both grazing and drought reduce vegetation cover.” 
 

“grazing in arid and semi-arid rangelands can reduce the capacity of ecosystems to assimilate 
atmospheric CO2” 

 

(Sinclair 2004; Sinclair 2005; Sinclair and Facelli 2018) 
 
 

Koonamore Vegetation Reserve 

Koonamore Station 
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Other case studies are also included, such as included in “Rangelands 2008 – Taking the pulse” 
(https://www.dcceew.gov.au/sites/default/files/documents/rangelands08-pulse.pdf). This report 
illustrated the impacts from grazing and the benefits from grazing exclusion. The extract below 
shows a site in 1973 where grazing occurred, then three snap shots in 1978, 1989 and 2000. Over 27 
years of grazing exclusion, a forest naturally regenerated.   
 

 
Figure 11 Grazing exclusion sequence in NT. 

 
  

https://www.dcceew.gov.au/sites/default/files/documents/rangelands08-pulse.pdf
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7.0 Water Points  
 
Artificial water points are located throughout Australian rangelands. The impact of water points is 
also, in our opinion, an oversight by recent commentators. Artificial water points are areas where 
bores have been established and connected to solar or wind pumps to provide water into troughs for 
stock. Water points can also be established without a bore at each water point through extensive pipe 
networks, linking bores, which provide water to a header tank and then a trough.  

Figure 11 below illustrates a typical waterpoint located on a rangeland Station comprising of a header 
tank and trough.  

 

Figure 12. Water point on a station in South Australia (November 2022) 

 

Water points create grazing zones known as a ‘Piosphere’ – area of ecological impact from a water 
point. This impact can be at least a 10 km clearance impact from the water point. When watering 
points are distributed within a 10 km network from each other, this can create grazing suppression 
over 100,000 of hectares.  

 

 

In our opinion, impacts from waterpoints in rangelands have not been included in recent 
commentary. 
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Figure 12 below, illustrates the suppression associated with grazing and waterpoints. Stock tracks are 
visible extending from the water point for several kilometres (highlighted in yellow lines). When 
waters are within an 8 to 10 km distance between each other, this can result in suppression across 
large areas of the landscape.  

 
Figure 13. Water point on a rangeland station in South Australia (November 2022) 
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Figure 14. Water point and vegetation suppression (November 2022) 

  

Figure 13 illustrates Acacia shrublands, including Mulga, which are being supressed by grazing. This 
can be seen in the circled area in the front and right back of the figure. Mature trees over 2 m are also 
present, indicating that a ‘forest’ could form if recruitment is successful by reducing grazing pressure. 
These existing mature trees are not part of the carbon farming project.  
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Figures 14 to 16 illustrate typical suppression caused by grazing in rangelands. Rainfall alone will not 
ensure that these ecological systems will form a forest. Grazing pressure must be modified to allow 
for growth. 

 
Figure 15. Suppression of Mulga, Acacia aneura, through browsing pressure  
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Figure 16. Browsing has suppressed this plant and is evidence by the thickened stems with new growth. 

 
Figure 17. This area could potentially form a ‘forest’ if released from grazing pressure 
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7.0 Best practice mapping to define carbon areas. 
 
Recent commentary has also provided criticisms regarding mapping and accuracy of mapping. 
However, we understand that industry standards have not been used for mapping potential carbon 
estimation areas. We understand that commentators have used Landsat imagery to detect forest 
cover change. Landsat is too course for mapping potential carbon farming projects, or to detect 
change, as it is a 30 m resolution.  
 
Carbon developers should use Sentinel (freely available) which is at 10 m pixels. At this level, individual 
trees can be isolated and included or not included in carbon estimation areas. However, best practice 
includes the use of drone imagery, this achieves a 3 cm resolution. Analysts are able to then train 
remote sensing software to determine height, species and cover. Carbon developers cannot rely on 
the national datasets and must have project specific training and accuracy assessments, which are 
also audited.  
 
Figures 17 illustrate Landsat resolution (30X30m) and figure 18, illustrates accuracy at 10 X 10 metres.  
 

 
Figure 18. Landsat image at 30 X 30 m 
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Each pixel above represents a 30 X 30 m area on the ground. The resolution is too course to determine 
forest cover change at a property level. This is the level detail appeared to be applied by recent 
commentators. 
 
 

 
Figure 19. Sentinel images are best practice mapping. 

 
Figure 18 illustrates the accuracy that can be gained from using fit for purpose imagery and software 
for forest change detection.  
 
Carbon developers will also use drone imagery to sharpen up the classification to determine forest 
potential. For example, figure 19 illustrates the level of accuracy that can be gained by excluding 
forest, bare earth and then defining carbon areas.  
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Figure 20. Drone imagery to sharpen up the classification to determine forest potential.  

  
 
 
 

In our opinion, recent commentary regarding forest change detection have not used industry best 
practice and have not demonstrated understanding of remote sensing methodologies to draw 

conclusions regarding change detection of forests. 
 

 

 
 
 
 
 
 
 
 
 
 

Surveyed 
vegetation 
confirming 
area meets 
method. 

Forest 
 

Carbon Area 

Bare earth 
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8.0 The Carbon Model 
 
Recent commentary has also discredited the FullCAM Carbon model, and application of, as developed 
by the CSIRO.  Suggestions have been made that the model includes mature vegetation, therefore 
credits are being issued for existing vegetation. The process for mapping and running the FullCAM 
model is complex, however, there are some fundamentals that appear to have been overlooked.  
 
One of the fundamentals in the model starting position, is that the carbon model beings at zero, no 
matter what is on the ground. Trees existing at project commencement are not counted in the carbon, 
only their change in carbon. It is worth noting that the FullCAM growth curves were originally 
calculated by measuring regeneration rates in plots that had pre-existing scattered mature trees in 
the same way that HIR projects do. 
 
Figure 20 below is an extract of the FullCam model in a HIR area, showing the cumulative annual 
tonnes. Note that there is no carbon generated in the first three years. No credits are being issued.  
 
 

 
Figure 21. Extract of the FullCam model showing the cumulative annual tonnes  

 
Many carbon assets in the landscape are not accounted, for example: 

• Regeneration or suckering of existing trees that are already over 2 m with over 20% 
coverage. 

• Regeneration of soil/lichen crust from lack of hoof erosion  
• Regeneration of shrublands that cannot meet forest cover. 
• Reduced methane from reduced stocking rates. 
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9.0 Recent discussion regarding limitations of HIR methodology 
 
There appears to be two primary references historically being cited by the media as point of truth to 
discredit the carbon industry and the HIR methodology.  
 
These include: 
 

1. Macintosh, A. et al. Integrity and the ERF’s Human-Induced Regeneration Method: The 
Measurement Problem Explained (2022). 

 
2. Macintosh, A. et al. The ERF’s Human-induced Regeneration (HIR): What the Beare and 

Chambers Report Really Found and a Critique of its Method (2022). 
 
In our opinion, these reports are unclear on several matters, including:  
 

• It is not clear if these reports have been externally peered reviewed. 
• The reports appear to not be published in a recognised published Academic Journal. 
• The reader is not sure if the authors have experience in FullCam or Carbon projects.  
• It is not clear the HIR methodology has been followed in developing or analysing Carbon 

Estimation Areas. 
• It appears that only two academic sources that are both by the same lead author 

(Fensham) have been used. Fensham’s research is conducted in savanna and tropical 
ecosystems of Queensland, with incomparably higher rainfall of around 700 mm annually. 
These two papers are Fensham et al. (2012) and Fensham et al. (2019) do not evaluate 
grazing in their methods, only as a brief discussion point. The papers cite other literature, 
which conclude that a combination of good rainfall and grazing protection is required for an 
increase in tree density.  

 

 
 
10.0 Rangeland Research 
 
In our opinion, it appears that the top 50 cited primary research papers for grazing in rangelands have 
not been used by commentators in developing conclusions on how rangeland ecology operates in 
relation to carbon projects. Figure 21 below, illustrates the location and number of papers in Australia, 
the two yellow points are where recent commentators have sourced information from to discredit the 
HIR methodology and has drawn the conclusion that rainfall is the primary driver for regeneration. In 
other words, decades of research appear to have not been included.  
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Figure 22. Illustrates the location of the top 50 referenced papers in Australia on rangelands 

 
Rangelands research has been conducted in all States, but focus has been via three main ‘schools’ 

• CSIRO Alice Springs 
• Adelaide University 
• University of New South Wales  

 
Collectively, these schools developed our understanding of how the Rangelands function, including 
with grazing domestic stock.  
 
A study by Eldridge et al. (2016) conducted a comprehensive review of 217 Australian rangeland 
grazing papers, finding that overall “ecosystem structure, function, and composition in rangelands 
are negatively affected by livestock grazing”.  
 
Eldridge et al. (2016) found that on average, grazing reduced above-ground biomass by 40%, 
vegetation structure by 35%, function by 24% and composition by 10%. These negative effects were 
stronger in drier environments. 
 
Other initiatives and research published, such as the The Australian Collaborative Rangelands 
Information System (ACRIS), and Australia’s Terrestrial Ecosystem Research Network, has not been 
included in recent analysis by commentators.  
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Figure 23. Timeline of research on the grazing impacts on rangeland in Australia 
 

This figure 22 demonstrates the enormous amount of research that has been conducted looking at 
the impacts of grazing on rangeland environments. These papers are all peer reviewed and published. 
In our opinion, this work appears not to have been considered by commentators.   
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