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Abstract 

 

The aim of this thesis was to investigate the requirements of an appropriate 

management system for implementing and managing an accreditation under the NSW 

Greenhouse Gas Reduction Scheme.   

The literature review captures the history of the development of carbon trading, 

and provides a summary of the development of the science and the subsequent global 

response to the changing climate.  An overview of the national and international 

contexts provides insight into how the NSW scheme may link or interact with national 

or international markets. The sequestration component of the scheme, and its 

requirements for registration as a sequestration provider, are then described as a 

precursor to the identification of an appropriate design for an accreditation. 

Finally, the Australian Macadamia industry was investigated as a potential 

candidate for accreditation under the scheme.  This necessitated a study into the 

timber and growth characteristics of what is generally considered a non-timber tree, 

resulting in the first attempt to characterise the growth and sequestration of plantation 

grown Macadamia spp. 

 

The Australian Forest Corporation was accredited as a carbon sequestration 

provider on the 19th of April 2005. 
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1. Introduction 

1.1 Research purpose 

This research was commissioned by the Ecotech Group following the 

implementation of the NSW Greenhouse Gas Reduction Scheme (GGAS, formerly 

referred to as the Greenhouse Gas Abatement Scheme).  This scheme established a 

market for carbon emissions offsets (‘carbon credits’) by setting limits to carbon 

dioxide emissions from electricity generating organisations, and establishing a fine for 

non-compliance.  If (when) an organisation was unable to comply with the emissions 

limits, it was permitted to purchase an emissions offset, and effectively pay someone 

else to avoid emitting (abate) or catch (sequester) that amount of CO2 on their behalf.  

The Ecotech Group sought gain an accreditation under the scheme to generate 

carbon credits from plantations.  As such, the aim of this research was to investigate 

the requirements of a system for managing plantations and generating carbon credits 

that was compliant with the GGAS.  Much of the then available literature was focused 

on measuring carbon sequestration, and the view of this thesis was that this field was 

sufficiently well covered and additional measurement strategies were not warranted.  

What was not considered sufficient was the description of the types of operational 

management systems that would fulfil the requirements of the GGAS.  A deficit in 

sequestration measurement information was subsequently identified when 

investigating the commercial potential of implementing sequestration projects with 

the Australian Macadamia industry.  This deficit was addressed by a study into the 

sequestration rate of a Macadamia plantation, which whilst not being a statically 

acceptable assessment of the industry, is presented in this thesis as a preliminary 

estimate that is sufficient for commercial purposes, and as a starting point for further 

scientific study. 

 

 The success of the identification of an appropriate management system was 

demonstrated by submitting an application for registration as a sequestration provider 

to the Independent Pricing and Regulatory Tribunal (the GGAS scheme 

administrator). 
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2 Background 

2.1 Introduction 

 This literature review provides an overview of how the science of climate change 

and the responses to it have developed. It summarises the current state of knowledge 

of climate change science without going into detail.  The development of the 

international response to climate change, and the subsequent development of carbon 

trading is described.  The review concludes with a description of the main Australian 

Federal and State responses to these issues, with a particular focus on the NSW 

Greenhouse Gas Abatement Scheme.  

 

2.2 A brief history of the global response to climate change 

On the 16th of February 2005 the Kyoto Protocol came into force.  This protocol 

represents the culmination of a process that can be traced back to 1896 when Svante 

Arrhenius first proposed that increasing atmospheric carbon dioxide could lead to a 

warming of the climate (Johansen 2001 p38; IPCC 2007 p105).  Svante’s book, 

“Worlds in the Making”, is the first to describe the ‘hothouse effect’ and predicted a 

doubling of atmospheric CO2 over the next 3000 years.  He expected this doubling to 

cause a “pleasant” 10F rise in temperature (Christianson 1999; Earth Observatory 

2001; Johansen 2001).  This outlook changed significantly over the next 100 years as 

first scientists, and then policy makers began to better understand the workings of the 

global climate (IPCC 2007 ch 1.4).  The development of these first scientific theories 

into what has become the Kyoto Protocol is illustrated with a summary of key 

developments in Table 1.  
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Table 1: Summary of scientific and policy developments relevant to carbon sequestration in Australia. 

(IUCC 1993; COP3 1997; UN 1997; Ramakrishna 2000b; WCRP 2000; Johansen 2001; UNFCCC 2001; 

UNIS 2001; Acuity Legal 2003; Environmental Defence 2003; NSW GGSA 2003; UNFCCC 2003; IGES 

2004a; IPCC 2004; UNFCCC 2004b; EC 2005; EPA 2005; IPART 2007; UNEP nd; UNFCCC nd-g). 

Date Significance 

1896 Svante Arrhenius – existence of the enhanced greenhouse effect is first proposed. 

Doubling of CO2 concentrations predicted to take 3000 years. 

1924 Alfred Lotka estimates that atmospheric CO2 concentrations will double within 500 

years at 1920 coal usage rates. 

1954 G.E. Hutchinson first suggests that deforestation will increase atmospheric CO2. 

1958 C.D. Keeling begins first reliable and continuous CO2 concentration measurements – 

and finds that concentrations are definitely rising.  

1967 Computer simulations suggest that doubling atmospheric CO2 will cause 3C 

temperature rise. 

1972 United Nations Environment Program (UNEP) is developed following conference 

on the Human Environment in Stockholm. 

1979 
First World Climate Conference declared that the leading cause of global warming 

was increased atmospheric CO2 resulting from the burning of fossil fuels, 

deforestation, and land use change. 

1980 World Climate Research Program established to further climate prediction and 

climate change science. 

1985 Villach conference resulted in a consensus that research supporting development of 

climate change policy is scientifically warranted. 

1988 
Toronto Conference resulted in suggestions for an international climate treaty 

International Panel on Climate Change (IPCC) formed to assess scientific evidence 

and propose appropriate responses. 

1990 
2nd World Climate Conference saw the 1st Assessment Report of the IPCC, called for 

GHG emissions reductions and led to the development of the UN Framework 

Convention on Climate Change (UNFCCC). 

1992 Rio Earth Summit results in (amongst other things) the acceptance of the UNFCCC 

calling for a stabilisation of GHGs in the atmosphere. 

1994 The UNFCCC comes into force. 

1995 1st Conference of the Parties to the UNFCCC (COP 1). The IPCC recognised the 

existence of a discernable human influence on the global climate. 

1996 COP 2. UNFCCC Parties fail to agree on a course of action and instead agree to 

further negotiations. 
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Date Significance 

1997 COP 3. The Kyoto Protocol is adopted following intense negotiations. Emissions 

reduction targets are set and negotiations for non-compliance penalties deferred.  

1998 
COP 4. 

Australia establishes the Australian Greenhouse Office and publishes the National 

Greenhouse Strategy. 

1999 COP 5. Parties agree to agree on details at COP 6. 

2000 COP 6. Parties fail to agree on details and agree to reconvene as COP 6 part 2. 

2001 

COP 6-2. Bonn agreement sets rules for implementing the Kyoto Protocol. 

COP 7. Marrakech Accord sets rules governing carbon sinks under the Kyoto 

Protocol. IPCC publishes the 3rd Assessment Report. 

USA withdraws from Kyoto framework. 

2002 
COP 8. The need for stronger emission reduction measures to meet ultimate goals is 

recognised. 

US and Australia refuse to ratify protocol. 

2003 COP 9. Operational rules approved for Sink CDM projects. 

NSW Greenhouse Gas Abatement Scheme commences. 

2004 
Kyoto Protocol is ratified by the Russian Federation. 

COP 10.  

First CO2 sequestration provider registered in NSW. 

2005 

Kyoto Protocol enters force. 

European Union Emissions Trading Scheme (ETS) Commences.  

COP 11 saw the Montreal Action Plan - an agreement to "extend the life of the 

Kyoto Protocol beyond its 2012 expiration date and negotiate deeper cuts in 

greenhouse-gas emissions." 

UK ETS commences. 

Australia & US sign 6-nation pact for voluntary emissions reductions. 

2006 

COP 12. 

UK ETS ends. 

NSW Greenhouse Gas Abatement Scheme extended till 2021. 

2007 

COP 13: Negotiations commence in earnest for post 2012 commitments. 

IPCC publishes 4th Assessment Report. 

Australia ratifies the Kyoto Protocol. 

2008 

COP 14: negotiations continue for successor to Kyoto. 

1st Kyoto commitment period commences. 

Australia announces plans for a new national ETS. 
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2.3 Greenhouse in a nutshell 

2.3.1 The natural greenhouse effect 

The Greenhouse effect is a good thing (Johansen 2001).  Without it, the average 

temperature on earth would be approximately 33oC colder than it is at present 

(Johansen 2001; Le Treut and Sommerville 2007 p97).  It is controlled by the 

abundance of certain gases in the earth’s atmosphere warming up, and re-radiating or 

reflecting escaping heat back down to the earth’s surface (IPCC 2001b p88; Johansen 

2001; Forster et al. 2007).  This process is illustrated in Figure 1. 

 

There are many gases that contribute to the greenhouse effect (IPCC 2001a ch1). 

The most important gas is water vapour, with the second most important being carbon 

dioxide (CO2) (IPCC 2001a ch1). Six gasses are listed in the Kyoto Protocol for 

regulation and control in order to manage the impact of human activities on the 

earth’s climate (UN 1998) (see Table 2 for more details).  

 

 

Table 2:  Key greenhouse gases as identified by the Kyoto Protocol, along with their Global Warming 

potential multiplier.  This multiplier allows the effects of different gases to be compared directly with CO2 

over a 100 year timeframe, and forms the basis for describing gases as ‘CO2 equivalent’ (CO2e).  In this 

way, one tonne of methane is described as being 25 tonnes of CO2e for Kyoto purposes (UN 1998; Forster et 

al. 2007). 

GGaass  SSoouurrccee  GGlloobbaall  WWaarrmmiinngg  

PPootteennttiiaall    

CCaarrbboonn  ddiiooxxiiddee  ((CCOO22))  NNaattuurraall  aass  wweellll  aass  mmooddiiffiieedd  bbiioollooggiiccaall  &&  

eeccoollooggiiccaall  pprroocceesssseess,,  hhuummaann  

ccoonnssuummppttiioonn  ooff  ffoossssiill  ffuueellss;;  

11  

MMeetthhaannee  ((CCHH44))  NNaattuurraall  aanndd  mmooddiiffiieedd  bbiioollooggiiccaall  

pprroocceesssseess,,  aaggrriiccuullttuurree;;  
2255  

NNiittrroouuss  ooxxiiddee  ((NN22OO))  FFoossssiill  ffuueellss,,  aaggrriiccuullttuurree;;  229988  

HHyyddrroofflluuoorrooccaarrbboonnss  

((HHFFCC’’ss))  
RReeffrriiggeerraanntt,,  ffiirree  ffiigghhttiinngg  aaggeenntt;;  112244  ––  1144,,880000  

PPeerrfflluuoorrooccaarrbboonnss  

((PPFFCC’’ss))  
EElleeccttrroonniiccss  iinndduussttrryy  pprroocceesssseess;;  77,,339900  ––  1122,,220000  

SSuullpphhuurr  hheexxaafflluuoorriiddee  

((SSFF66))  
HHiigghh  vvoollttaaggee  eelleeccttrriiccaall  eeqquuiippmmeenntt..  2222,,880000  
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Figure 1:  A demonstration of the process by which the atmosphere retains some of the heating caused 

by incoming solar radiation  (UNEP 2006 (http://maps.grida.no/go/graphic/greenhouse-effect)). 
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2.3.2 The enhanced greenhouse effect 

Many people in the past thought that the atmosphere was too big for humans to 

alter in any significant way (Weart 2007), and have dumped waste gases into the air 

without any further thought.  Measurements that commenced in 1958 have 

demonstrated that this is not the case (Johansen 2001 pp 39-40; IPCC 2007 p100). 

More recent studies (see Figure 2 and Figure 3) add even more weight to the 

hypothesis that humans are indeed altering the earth’s atmosphere and climate (IPCC 

2001d; IPCC 2007).  

 

 

 

Figure 2: Past and future atmospheric CO2 concentrations showing the predicted range of CO2 

concentration increase (IPCC 2001c, p33).  
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Figure 3: Variations of the Earth's surface temperature, showing future temperature scenarios in 

response to projected CO2 increases.  The estimated temperature in 2100 is shown to lie between 1.4C and 

5.8C (2.5F-10.4F) warmer than the 1990 baseline (IPCC 2001c, p34).  

 

 

The historical link between anthropogenic CO2 emissions and temperature can be 

observed in Hassol’s (2004 (p3)) composite Figure 4. 
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Figure 4: Correlation between global temperature change, atmospheric CO2 concentrations, and 

anthropogenic CO2 emissions;  (Hassol 2004, p3).  

 

2.3.3 Impacts of a changing climate 

There has been much effort expended on predicting the consequences of a warming 

climate (Le Treut and Sommerville 2007 ch5.1; Parry et al. 2007).  There are many 

indications that higher temperatures will result in adverse biological and social 

outcomes (IPCC 2001d; CSIRO 2007; IPCC 2007).  However, no-one has been able 

to say for certain what the effects will be, and at what temperatures they will occur.  

Figure 5 (Stern 2006) illustrates a range of predicted consequences, and relates them 

to the CO2e concentrations and resultant temperature increases that are thought likely 

to cause them.    
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Figure 5: Possible effects from different levels of greenhouse gas concentrations. The top panel shows 

the range of temperatures projected at different CO2e concentrations. The bottom panel illustrates the 

range of impacts expected at different levels of warming. The relationship between global average 

temperature changes and regional climate changes is very uncertain, especially with regard to changes in 

precipitation (source: Stern 2006). 

 



Setting the context 

  11 

2.4 Greenhouse scepticism 

2.4.1 Climate change is not human induced 

Some scientists remain unconvinced by the evidence that the earth’s climate is 

warming, or dispute that humans are the cause of this change (Johansen 2001; 

Lomborg 2004; Miall 2008; Rapp 2008; Inhofe 2009).  The most common criticism 

appears to be that historical climate changes have been linked to other causes, such as 

changes to solar irradiance, and that the current link to human activities is not proven 

(e.g. Muller and MacDonald 1997; Lomborg 2004; Cook 2009; Dr Miklos Zagoni 

(p25), in Inhofe 2009).  This claim is supported by the argument that historical 

changes in CO2  concentrations have lagged behind changes in solar activity (e.g. 

Rapp 2008; Inhofe 2009).   

 

The intensity of solar radiation is an important determinant of our long term 

climate, but does not account for all of the changes that have been observed (Lomborg 

2004 p276; Hadley Centre 2005; Eystein and Jonathan 2007 ch6.4; Le Treut and 

Sommerville 2007; Wild et al. 2007).  This fact is illustrated by comparing Figure 3 

with Figure 6, where solar irradiance has remained more or less constant for the last 

50 years, but temperatures have continued to climb.  The fact that some increases in 

CO2 concentrations have lagged behind temperature rises by several hundred years 

(e.g. Monnin et al. 2001; Caillon et al. 2003; Stott et al. 2007) proves the existence of 

positive feedback cycles in the climate system (J.R.Petit et al. 1999; Cuffey and 

Vimeux 2001; Caillon et al. 2003; IPCC 2007), but fails to disprove that CO2 could 

pre-empt global warming.  These cycles were most likely initiated in the past by 

changes in the intensity of radiation from the sun (Solanki et al. 2004; Usoskin et al. 

2005; Lockwood and FrÃ¶hlich 2008).  This time however, the sun is not causing the 

rise in temperature, (Stott et al. 2003; Solanki et al. 2004; Lockwood and FrÃ¶hlich 

2008) leaving the question; ‘what is?’ 
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Figure 6:  Variations in direct heating from the sun.  The amount of heating being received from the sun 

has remained more or less stable since 1950 (not including the 11 year sunspot cycle, which has little effect 

on the climate), and does not explain the continued warming of the climate identified by the scientific 

community (Source: Hadley Centre 2005, p10). 

 

2.4.2 The Scientists were wrong last time, why should we believe 

them now? 

Another populist line of argument is that scientists have got it wrong.  A typical 

justification given is that scientists in the 1970’s were predicting an ice age (e.g. Time 

Magazine 1974; Gwynne 1975), and now they are predicting global warming, so why 

should we believe any of it?  Peterson et al. (2008) conducted an analysis of peer 

reviewed literature and found the weight of published evidence clearly in pointing 

towards a warming climate as the more immediate concern.  Some scientists were, 

and remain concerned about the probability and timing of a future ice age (ref). The 

perception of a scientific backflip appears however to be based on selective reporting 

of scientific studies by mainstream media (e.g. Time mag) . It should also be noted 

that the 1st World Climate Conference in 1979 led to the formation of the 

International Panel on Climate Change, the United Nations Framework Convention on 

Climate Change, and ultimately to the Kyoto Protocol (see Table 1).   
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Figure 7: The number of papers classified as predicting, implying or providing supporting evidence for 

future global cooling, warming and neutral categories.   (Peterson et al. 2008) 

 

The view that there was a scientific back flip appears to have arisen from popular 

media and is not supported by the scientific literature. This argument therefore 

devolves to an arbitrary dismissal of certain lines of evidence and cannot be sustained. 

 

2.5 The scientific consensus 

The multiple predictions shown in figures 1 and 2 (IPCC 2001c) illustrate one of 

the main problems still to be found in climate science. The earth’s climate is a highly 

complex entity, and scientists are not yet able to model it precisely (IPCC 2001d p8; 

Allen et al. 2004; Lomborg 2004 p268), let alone adequately predict the future.  Over 

100 years of scientific enquiry has however: 

• Identified the existence of the greenhouse effect; 

• Identified that the interaction between solar radiation intensity and 

greenhouse gasses are its most significant drivers; 

• Identified that the concentrations of greenhouse gasses in the atmosphere 

have risen since the start of the industrial age; 

• Identified that the climate is changing; 

• Identified that human activities are closely linked to these changes. 

 

Natural climate variability makes it hard to differentiate between natural and 

human induced climate change (ref).  Despite this, the consensus reached by the 



Setting the context 

  14 

International Panel on Climate Change (IPCC), an organisation supported by many of 

the world’s leading climate change scientists (Grubb et al. 1999; Johansen 2001; 

IPCC 2004), is that the available evidence supports the following conclusions (from 

IPCC 2007): 

1. The climate is warming at a faster rate than natural causes can explain. 

2. Anthropogenic Greenhouse Gas emissions explain the majority of the 

additional warming 

3. The observed and predicted climatic trends are likely to cause significant 

social, environmental and financial costs. 

4. The cost of averting the worst of the predicted outcomes is less than the costs 

of dealing with the consequences. 

 

2.6 The next step 

Having identified the issue in sufficient detail, the debate must move to deciding 

what to do about it, despite remaining uncertainties (Bierbaum 2002).  In this, 

researchers of many different disciplines have identified options to either manage or 

avoid potential outcomes (e.g McKibbin and Wilcoxen 2002; IPCC 2004; Stern 2006; 

Prime Ministerial Task Group on Emissions Trading 2007; Garnaut 2008).  The NSW 

Greenhouse Gas Reduction Scheme is one of these options, and is described the later 

part of Chapter 4.  As a precursor, a summary of the concept of carbon sequestration 

is presented in Chapter 3, with the first half of Chapter 4 containing a discussion of 

some of the policy framework that surrounds the trading of carbon sequestration. 
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3 Carbon sequestration in a nutshell 

3.1 Introduction 

Sequestration can mean ‘to form a stable compound’ as well as ‘to impound or 

seclude’ (Miller 2009).  The term, when applied to carbon generally means to remove 

CO2 from either the atmosphere or from waste gasses prior to emission (Capehart 

2007).  In this thesis, Carbon sequestration specifically refers to the biological 

removal of gasses from the atmosphere by living organisms, whilst carbon capture 

and storage refers to technological solutions for removing CO2 from waste gas 

streams. 

3.2 The carbon cycle 

The global carbon cycle is illustrated in Figure 8. The ocean is by far the largest 

active carbon sink, currently storing the equivalent of over 146,000 billion Gt CO2e.  

By comparison, the atmosphere only holds 2,750 Gt CO2e, and terrestrial systems 

hold around 8000 Gt CO2e.  There is 12000 Gt CO2e, currently locked up as fossil 

fuels, that is slowly being released back to the atmosphere.  Some of this carbon can 

be taken up by terrestrial and aquatic systems in the short term, but it will take many 

lifetimes to restore it to a permanent, fixed form of storage.  Until then, the remainder 

will stay in the atmosphere, and contribute to the warming of the climate (UNEP 

2005; Dennman and Brasseur 2007; Le Treut and Sommerville 2007). 

 



Setting the context 

  16 

 

Figure 8: The global carbon cycle shows the carbon reservoirs in gigatonnes and fluxes in GtC/year over 

the period 1980 to 1989 (UNEP 2005, (http://maps.grida.no/go/graphic/the-carbon-cycle)).  Carbon dioxide 

equivalent value may be calculated by multiplying carbon mass by 3.67 (AGO 2002a). 

 

The global carbon cycle has been fairly stable over the last 1,000 years. During this 

time, the concentration of CO2 in the atmosphere remained at about 280ppm; until the 

commencement of the industrial age and increased CO2 emissions from fossil fuel 

consumption (IPCC 2001b; Johansen 2001; Prentice 2001).  Since this time, the 

release of carbon from fossil fuel deposits and land clearing has pushed atmospheric 

concentrations to a level not seen for at least 420,000 years, and possibly not for 20 

million years (Johansen 2001; Prentice 2001).  It is predicted that natural biochemical 

cycles between the atmosphere, ocean and land systems will remove about 50% of 

this increase over the next 30 years, with a further 20% being removed over the next 

century or three (Dennman and Brasseur 2007).  The remaining 20% is likely to stay 

in the atmosphere for many thousands of years (Dennman and Brasseur 2007). 
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3.2.1 Reversing the trend 

There are two ways that humans can alter the current emissions trends.  We can 

reduce the amount of greenhouse gasses we put in the atmosphere, and increase the 

amount that is sequestered (Johansen 2001).   

 

3.2.1.1 Reducing emissions 

Fossil fuel emissions can be reduced by reducing fossil fuel consumption, 

increasing the carbon efficiency of fossil fuels, and by emitting and subsequently 

capturing and storing the emissions (Hoffert et al. 2002).  Carbon capture and storage 

technology is an area of current research, but has yet to prove itself to be a 

commercially viable mainstream technology (Rubin et al. 2005; Australian Gov't 

2008a; Garnaut 2008).  Technologies to increasing the carbon efficiency of energy 

consumption are also still under development, with their cost limiting their current 

uptake to niche or subsidised markets (Parson and Keith ; Hoffert et al. 2002; 

Schleich et al. 2009). 

Many of the world’s governments are acting to limit energy consumption (e.g. 

building design requirements (Energy Saving Trust 2007; NatHERS 2007 etc.),  

improve energy efficiency (e.g. energy consumption requirements and reporting 

(Dept. ITR 2007; Natural Resources Canada 2007 etc.) and increase renewable energy 

production (AGO 2007b; Green Energy UK 2007 etc.).  According to a growing 

number of international experts however, these efforts are insufficient to reverse the 

observed trends, and a strengthening of the international commitment to reduce 

emissions is required (Stern 2006; IPCC 2007; Garnaut 2008). 

3.2.1.2 Increasing sinks 

Global forest cover has been reduced by around 25% since the dawn of the 

industrial age, contributing about 20% of anthropogenic CO2 emissions (Dennman 

and Brasseur 2007; Malhi et al. 2003).  If this clearing was completely reversed, the 

restored systems would sequester between 290 and 510 Gt of CO2, significantly 

offsetting the 700 Gt increase in atmospheric CO2 concentrations (Prentice 2001 

p192).    

Wetlands are the largest biological carbon sink on a per hectare basis (Prentice 

2001; Chmura et al. 2003) (see Figure 9). Forest systems have less than half of the 

potential sequestration capacity of wetlands (Prentice 2001), even though temperate 
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and tropical forest systems store the most carbon as living plant matter (AGO 2005b; 

Davis et al. 2009).  Expanding the present coverage of any of these systems is likely 

to provide at least some benefit to the climate, making carbon sequestration part of a 

global solution to climate change.    

 

Estimated ecosystem CO2 storage capacity 
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deserts

1000 500 0 500 1000 1500 2000 2500 3000
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Figure 9 Averaged estimates of the carbon storage capacity of different vegetation systems (Data 

obtained from Prentice 2001 p 192), measured in tonnes of CO2e per hectare.    The stratification of forest 

types by the different estimates is not clear, and these resulting averages are indicative only.      * only one 

estimate for wetlands was identified.   
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4 The international framework for climate action 

Climate change is a global issue (Bhargava ; Dessler and Parson 2006).  The 

transition from understanding climate change science to acting on it requires global 

agreement (Dessler and Parson 2006), as the benefits of free riding on the actions of 

others are many (Tietenberg and Folmer ; Griffin 2003; Giddens 2009). 

Evidence of this transition dates from the 1970’s with the formation of the United 

Nations Environment Program and World Climate Conference (WCRP 2000; UNEP 

nd).  The formation of the International Panel on Climate Change (IPCC) in 1988 

created a focal point for this transition however, with the IPCC having a charter to 

assess the available science and inform the development of policy (IPCC 2004).  

4.1 International treaties 

4.1.1 The IPCC1 

The International Panel on Climate Change was established in 

1988 to provide a coordinating body for scientific research. It 

compared and summarised the available evidence, and informed negotiations for the 

formation of the UN Framework Convention on Climate Change (UNFCCC) in 1992 

(IPCC 2004). The Panel has now released its fourth assessment report which states 

(IPCC 2007): 

• “warming of the climate system is unequivocal” (p5); 

• “….the warmth of the last half century is unusual” (p9) ; 

• and “most of the observed increase in globally averaged temperatures…..is 

very likely due to the observed increase in anthropogenic greenhouse gas 

concentrations” (p10).  

The correlation between climate predictions and observed trends is shown in 

Figure 10. Recent evidence suggests that human activities have already caused an 

average 0.76C global temperature rise (IPCC 2007 p 36).  This is an increase above 

previous predictions (IPCC 2001b). 

                                                 

1 IPCC logo obtained from  www.ipcc.ch 
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Figure 10:  Continental and Global average temperatures showing model predictions with (red) and 

without (blue) the effects of human induced greenhouse gas emissions (IPCC 2007, p40). The black line 

indicates the observed trend, and demonstrates both the general accuracy of the models, and the need for 

further improvements.  
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4.1.2 UNFCCC2 

The United Nations Framework Convention on Climate 

Change (UNFCCC) is an International environmental treaty 

defined at the 1992 UN Conference on Environment and 

Development.  This treaty requires signatories to agree to reduce greenhouse gas 

emissions in order to combat global warming (UNFCCC nd-h). 

The treaty, as originally framed, set no specific emissions targets for individual 

nations, nor did it contain enforcement provisions; it is therefore considered at one 

level to be legally non-binding (Morrissey and Justus 2000; Ramakrishna 2000a; 

Climate Change Secretariat 2004). Rather, the treaty included provisions for 

additional agreements (protocols) that would develop and extend the initial agreement 

(Climate Change Secretariat 2004). The UNFCCC was opened for signature on May 

9, 1992 and entered into force on March 21, 1994. Its stated objective is "to achieve 

stabilization of greenhouse gas concentrations in the atmosphere at a low enough 

level to prevent dangerous anthropogenic interference with the climate 

system."(UNFCCC nd-h). 

The principal update to the UNFCCC is the Kyoto Protocol (1997).  This 

agreement contained the emissions reduction targets missing in the framework 

convention, and has become much better known than the UNFCCC itself 

(Ramakrishna 2000c; UNFCCC 2005a). 

4.1.3 The Kyoto Protocol3 

The Kyoto Protocol is a commitment to reduce the 

emissions of carbon dioxide and five other greenhouse 

gases in order to reduce their concentration in the 

atmosphere (UN 1998; Grubb et al. 1999; UNFCCC 2005a). The Protocol has been 

implemented by 183 countries globally (out of 185) and regulates over 61% of global 

greenhouse gas (GHG) emissions (UNFCCC 2007d).  Kazakhstan and the United 

States of America are the only two countries to have refused to ratify the protocol at 

the time of writing (Bush 2001; Bush 2005; UNFCCC 2008). 

                                                 

2 UNFCCC logo obtained from http://UNFCCC.int 

3 Kyoto Protocol/UNFCCC logo courtesy of http://UNFCCC.int 
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The Kyoto Protocol divides signatories into Annex 1 (developed) countries, and 

Non Annex 1 (developing) countries, and establishes 5-year commitment periods as a 

means of gaining and developing the global consensus.  The first commitment period 

is from 2008 to 2012, and requires an average 5% reduction from 1990 level 

emissions for Annex 1 countries. Subsequent five-year commitment periods have 

been nominated, with associated emissions targets being the subject of ongoing 

negotiations (UN 1998; UNFCCC 2005a; UNFCCC 2007b).  The Kyoto Protocol 

includes the following principles (UN 1998): 

 

• The Kyoto protocol agreements are implemented through national legislation, 

and are monitored by the UN.  

• Signatories are separated into Annex 1 countries (who have accepted GHG 

emission reduction obligations and must submit an annual greenhouse gas 

inventory); and Non-Annex 1 countries (who have no GHG emission reduction 

obligations but may assist Annex 1 countries to reduce emissions). 

• Any Annex 1 country that fails to meet its emissions reduction target has to 

make good its obligation in the following commitment period, and pay a 30% 

penalty in extra carbon emission reductions. 

 

The protocol established that developed countries should take the most significant 

action towards reducing emissions, although Non-Annex 1 countries are encouraged 

to reduce emissions using development assistance from Annex 1 countries (UN 1998; 

UNFCCC 2005a).  To facilitate this, a system for creating and trading carbon 

emissions rights was established whereby countries may purchase emissions rights in 

addition to those allocated in the Kyoto Protocol (UN 1998; UNFCCC 2004c).  

 

4.2 Carbon trading under the Kyoto Protocol  

4.2.1 Flexibility mechanisms 

An emissions permit may be created when a country emits less greenhouse gas 

than it is permitted under the Kyoto Protocol, and can be purchased by another 

country as an alternative to reducing its own emissions (UN 1998).  Countries can 
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also create additional permits by establishing sequestration projects whereby CO2 is 

removed from or prevented from entering the atmosphere. 

Article 3 of the Kyoto Protocol establishes the framework for creating carbon sinks 

(UN 1998).  Procedures for determining emissions and abatements from the 

agriculture and forestry sector (commonly known as Land Use, Land Use Change and 

Forestry or LULUCF) are established in a subsequent agreement known as the 

Marrakech Accord under Article 3.4 of the protocol (UN 1998; IGES 2004b; 

UNFCCC nd-f; UNFCCC nd-d).  Article 6 establishes the Joint Implementation (JI) 

process by which Annex 1 countries may trade emissions credits with each other (UN 

1998).  Article 12 establishes that Non-Annex 1 countries may create emissions 

abatements and trade the resulting emissions credits under the Clean Development 

Mechanism (CDM) (UN 1998). Finally, Article 17 establishes the ability to trade 

emissions permits (UN 1998).  

 

These articles create the ability to trade carbon credits internationally, and permit 

abatements to be (theoretically) generated in the most cost effective manner possible. 

The CDM mechanism is also intended to create new incentives for government and 

private investment to assist the sustainable economic development of Non-Annex 1 

countries (Ellis et al. 2004; UNFCCC 2005a), although delivery on this goal may be 

‘incomplete’ (Michaelowa and Michaelowa 2007; Sutter and Parreño 2007).    

  

4.2.2 Clean Development Mechanism   

Clean Development Mechanism projects are allowed to issue “Certified Emission 

Reduction” (CER) credits, subject to accreditation and regulation by the CDM 

Executive Board (CDM EB), and compliance with a number of eligibility criteria 

(IGES 2004b; UNFCCC nd-a).  These criteria include (UNFCCC 2006): 

  

• CDM Host Countries must have ratified the Kyoto Protocol; 

• They must have in place a national system for estimating emissions and 

removals of greenhouse gases within their territory; 
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• They must have in place a national registry to record and track the creation and 

movement of ERUs, CERs, AAUs and RMUs and must annually report such 

information to the secretariat; 

• They must report annual emissions and abatements to the secretariat.  

 

The implementation of the “Land Use, Land Use Change and Forestry” (LULUCF) 

mechanisms in CDM projects is restricted to afforestation and reforestation projects 

during the first commitment period, and bans CER generation from agriculture or 

enhanced forest management and retention (Jurgens et al. 2006; UNFCCC nd-a; 

UNFCCC nd-e).  In addition, forestry CERs are only allowed to be issued as a 

temporary emissions removal, and can not last for longer than 60 years under current 

rules (UNFCCC 2004a; Locatelli and Pedroni 2006; UNFCCC 2006). 

 

Forestry CERs are not accepted into the European Union Emissions Trading 

Scheme (EU ETS) at the time of writing, severely limiting their saleability 

(Schlamadinger et al. 2005; Neeff and Henders 2007). 

 

4.2.2.1 Types of Clean Development Mechanism 

A distinction can be made between passively hosting CDM projects and 

proactively developing and marketing CDM projects (Michaelowa 2007).  The 

intended mode of operation was for developed countries to implement clean 

technology projects in developing countries, thus enhancing development assistance 

funding.  This is now known as a Bilateral CDM project (UNFCCC 2006).  The 

alternative option, now known as a Unilateral CDM, is where a Non-Annex 1 country 

establishes a project of its own volition and then markets the resulting CERs 

(Michaelowa 2007). 

 

4.2.2.2 Bilateral CDM 

An industrialised country that wishes to gain credits from a CDM project must 

obtain the consent of the project host country’s Designated National Authority 

(DNA), and demonstrate that it will contribute to sustainable development. Using 

methodologies approved by the CDM EB, the applicant country must then prove that 
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the project (and that the benefit to the climate) would not have happened anyway, and 

establish the “additionality” of the abatement to the business as usual scenario. This 

requires that a baseline estimate of future emissions is established in order to calculate 

emissions reductions. The application is then validated by a Designated Operational 

Entity (DOE) to ensure the project results in real, measurable, and long-term emission 

reductions. The EB then decides whether or not to register (approve) the project (Jahn 

and Michaelowa 2003; Laseur 2005). Figure 11 illustrates this process. 

 

4.2.2.3 Unilateral CDM 

A developing country that wishes to generate CERs in the absence of a 

participating buyer may take on the role of the project applicant as well as the DNA.  

This places project risks with the developing country rather than with an investor 

company or government. Other than this, the country must follow the same path of 

accreditation as for the Bilateral CDM (Jahn and Michaelowa 2003; Laseur 2005).   
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Figure 11:  Illustration of CDM approval and monitoring process (CDM Watch 2003; IGES 2004a; 

UNFCCC nd-a) 

 

 

4.2.3 Joint Implementation 

Under Joint Implementation (JI) rules, a country with an emissions reduction target 

may implement an emission-reduction or sink enhancement project in another Annex 

I country.  It may then count the resulting emission reduction units (ERUs) towards 

meeting its own Kyoto target. Alternatively, an Annex 1 country may create carbon 

credits in excess of its own requirements, and then sell them (UNFCCC nd-c). 

 



Setting the context 

  27 

The minimum eligibility requirements for creating JI projects are that the country 

(UNFCCC nd-c): 

• Be a party to, and comply with the Kyoto Protocol; 

• Have an assigned emissions target; 

• Have a National Carbon Accounting System; 

• Have a National Carbon Registry. 

 

4.2.3.1 Joint Implementation project accreditation 

Any JI project must have the approval of the Parties involved and provide a real 

reduction in emissions, additional to any that would otherwise occur.  Projects starting 

in 2000 may be eligible as JI projects if they meet national and international 

requirements, but ERUs may only be generated after the beginning of 2008 

(UNFCCC nd-c). 

There are two pathways for gaining accreditation for JI projects, known as Track One 

and Track Two (IGES 2004a; UNFCCC nd-c).  

 

4.2.3.2 Track One 

Track One applies when a host country fully complies with all host country eligibility 

requirements, and the host country gains the right to accredit projects under it’s own 

authority. 

 

4.2.3.3 Track Two 

Track Two applies where the host country does not have the right to accredit 

projects, and accreditation is awarded by the Article 6 Supervisory Committee.  This 

track permits projects to begin before a host country fully complies with Kyoto rules. 
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Figure 12:  Track 1 and Track 2 Joint Implementation approvals process, as outlined in the Marrakech 

Accord.  Track 1 implementation is governed by national legislation, and the JI Supervisory Committee 

controls track 2 (IGES 2004b; UNFCCC nd-c). 
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4.2.4 Establishing additionality 

 

Rules have been specified to ensure that project emissions reductions are additional 

to those that would have occurred without the project.  This is to avoid giving credits 

to projects that would have happened anyway. There are currently two important 

components of this additionality criterion (Dutschke and Michaelowa 2003; CDM EB 

2005): 

 

• Environmental Additionality; a project is additional if the emissions with the 

project are lower than the baseline (business as usual) emissions.  This 

application attempts to ensure that emissions reductions are not counterfeit  

• Project or Financial Additionality; the project would not have happened 

without the Clean Development Mechanism, or the additional cash flow it 

generates.  This application attempts to prevent diversion of development aid 

into CDM generating projects. 

 

The CDM and JI processes stipulate methodologies for determining baseline 

emissions intensities, and require compliance with additionality rulings as a condition 

of accreditation. 

4.2.5 Implementation and further development of the protocol 

Public debate over global warming has often obscured the real importance of the 

protocol (Weart 2007).  This is that after 15 years of negotiation there now exists a 

framework which the governments of over 93% of the world’s population have 

signed, committing their countries to the process of finding solutions to climate 

change (CIA 2005; Grubb 2005; UNFCCC 2005b).   

Preparations for the first commitment period have illustrated just how difficult it 

can be to balance competing interests at national and international levels. Most 

significantly, the United States of America has so far refused to ratify its round one 

agreements (UNFCCC 2007c). The USA has argued that the emission reduction 

targets under Kyoto are unrealistic and impractical (Bush 2001; Bush 2005), and fears 

the effects that ratification would have on international economic competitiveness 

(Bush 2001).  
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The Kyoto Protocol was heavily criticised in the lead-up to its first commitment 

period.  Frequent criticisms include (McKibbin and Wilcoxen 2002; Fisher et al. 

2003; Keogh 2007 etc.): 

 

• The Kyoto response, and its implementation, has become highly politicised; 

• Several globally significant emitters are not bound to targets; 

• Targets set under the protocol do not make allowances for potential costs; 

• Emissions from developing countries are growing quickly; 

• Even if fully implemented, the protocol will reduce global emissions by 

less than 1% on 1990 levels. 

 

Proponents of the protocol claim that round one is a first step only (Keogh 2007), 

and the negotiations for the second commitment period will attempt to address many 

of these issues.  Who will be involved, what targets will be set, what rules will govern 

the various activities, and what a new agreement will be called are all open to 

negotiation as the international community collectively attempts to develop and 

strengthen commitments at least individual cost (Stavins 2004; Goldenberg and 

Stavins 2005).   

     

4.3 Alternative Approaches  

A large number of alternative or complimentary mechanisms for climate change 

mitigation have been proposed since the entry into force of the Kyoto Protocol.  Most 

of these have been put forward as part of the general debate, with a few, e.g. the 

Washington declaration and the Asia Pacific Partnership, offering complimentary 

courses of action to the Kyoto protocol (MacGill et al. 2006; G8 2007b; RET 2008).  

None of the proposals so far have attained the global prominence of the Kyoto 

protocol however, and often appear to represent various negotiating blocks within the 

UNFCCC process instead (MacGill et al. 2006). 
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4.3.1 The Washington Declaration 

The Washington Declaration calls for, amongst other things, a 50% emissions 

reduction by 2050, and the contribution of developing nations towards emissions 

reduction efforts (G8 2007a pp. 15-17; G8+5 2007).  It was signed by members of the 

G8+54 on the 15th of February 2007 (Globe International 2007).    It is only an 

agreement to reach an agreement on a course of action to follow the end of the first 

Kyoto commitment period.  It is significant however in that a number of important 

developing nations have agreed to the need to negotiate cuts in their emissions (Globe 

International 2007). 

4.3.2 The Asia-Pacific Partnership on Clean Development and 

Climate 

Australia’s involvement in the Asia-Pacific Partnership (AP6) was announced in 

July 2005 (Howard et al. 2005).  This pact involved an agreement between the United 

States, China, India, Japan, South Korea and Australia to enter into further non-

binding agreements to share technologies and reduce emissions (Asia Pacific 

Partnership 2005; Howard et al. 2005). 

The partnership’s vision statement affirms that this agreement complements, and 

does not compete with, the Kyoto protocol (Howard et al. 2005).  It appears that the 

partnership partly relies on market altruism to effect the promised technology transfer 

(Beck and Gray 2005; MacGill et al. 2006).  The agreement does however create a 

mechanism to assist the development of cleaner energy sources in China and India 

(Asia Pacific Partnership 2005). 

 

 

 

 

 

 

 

                                                 

4 The G8+5 group of countries consists of Canada, France, Germany, Italy, Japan, Russia, the 

United Kingdom and the United States (the G8 countries), plus Brazil, China, India, Mexico and South 

Africa. 
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4.4 The Global Carbon Market  

The global carbon market value has grown exponentially from $31 billion in 2000 

to an expected $100 billion in 2007 (see Figure 13)(Point Carbon 2004; Point Carbon 

2006; Point Carbon 2007).  The European Union Emissions Trading Scheme (EU 

ETS) is mainly responsible for the sudden jump in market value in 2005 (Table 3), 

with EU trading accounting for 65% of traded carbon and 79% of market value since 

2005 (Point Carbon 2006; Point Carbon 2007). 
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Figure 13:  Global carbon market value (in AUD) (modified from Point Carbon 2004; Point Carbon 

2006; Point Carbon 2007).  Significant chronological events include (from Table 1): 2002, USA and 

Australia refuse to ratify Kyoto protocol; 2004, Russian Federation ratifies protocol; 2005, EU ETS 

commences and Kyoto protocol enters force. 

 

Table 3:  Carbon trade volumes and values. Modified from (Capoor and Ambrosi 2007; Point Carbon 

2007; Capoor and Ambrosi 2008) Currency conversion based on 1 EUR = 1.57444 AUD & US$1 = AU$0.75. 

 

$AUD  
EU ETS 

Other 
ETS 

voluntary CDM CDM 2nd JI Sum 

2
0
0
7

 

[Mt] 2,061 48 42 551 240 41 2,983 

[$ million] $66,796 $395 $353 $9,901 $7,268 $665 $85,380 

2
0
0
6

 

[Mt] 1,104 30 33 537 25 16 1,745 

[$ million] $32,581 $351 $195 $7,739 $593 $188 $41,647 

2
0
0
5

 

[Mt] 321 7 20 341 10 11 710 

[$ million] $10,544 $84 $249 $3,223 $295 $91 $14,485 

2
0
0
4

 

[Mt] 17 7.9  60 0 9 94 

[$ million] $200 $54  $296 $0 $43 $593 
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4.4.1 The CDM Market 

The open CDM Market is the main non-EU ETS market, and contributes around 

17% of the global carbon market value (see Table 3 and Figure 14) (Point Carbon 

2007; Capoor and Ambrosi 2008).  Approximately 95% of the CER’s generated to 

2006 originate from India, Korea, Brazil, China, Chile and Mexico (Figure 16). China 

is ultimately expected to generate almost half of the projected CER supply during the 

first commitment period, with a heavy emphasis on Hydrofluorocarbon (HFC) 

reduction programs (UNFCCC 2007a). Figure 15 illustrates the concentration of 

CDM projects in India, Brazil China and Latin America (UNFCCC 2007a). 

   

Figure 14: Global carbon market statistics for 2006 (adapted from Point Carbon 2007 p 7). 

 

 

Figure 15: Global CDM project location at 14 June 2007 (UNFCCC 2007a 

(http://cdm.unfccc.int/Projects/MapApp/index.html)).  
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Figure 16:  Global CER Generation Statistics - 14 June 2007. (adapted from UNFCCC 2007a)  

 

Forestry projects have faced two significant hurdles under the CDM framework:   

1. Carbon is not considered by the Kyoto Protocol to be permanently stored in 

forests, and a forestry CER will expire after a maximum of 60 years.    

Forestry credits are therefore worth less than other types of CERs 

(EcoSecurities Consult 2006; Neeff and Henders 2007). 

2. Forestry CERs are currently excluded from the EU ETS, and are therefore 

excluded from the most significant carbon market (EcoSecurities Consult 

2006).  

This resulted in only one forestry CDM project achieving accreditation by 2007 

(CDM EB 2007; Neeff and Henders 2007), and eight by 2009 (CDM EB 2009b).  

Data current in 2009 suggests that existing forestry projects will contribute less than 

six million CERs to the CDM market (CDM EB 2009b; CDM EB 2009a; CDM EB 

2009c),   

4.4.2 The JI Market 

There were, at the time of writing, 89 approved JI projects listed on the Joint 

Implementation website (JISC 2009a).  The only forest sequestration project amongst 

them consisted of a 6700ha afforestation project in Romania. This project is expected 

to produce around one million ERU’s over 15 years, at a cost of around 10 million US 

dollars (JISC 2009b). 
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Twenty one million ERU’s were sold in 2006 (Point Carbon 2007), with a market 

value of $AUD142 million. The main government purchasers of ERU’s were 

Denmark, Austria and the Netherlands, with the World Bank also rating as a 

significant purchaser. Remaining market sales activity appears to be direct 

government sales by countries from Eastern Europe (Point Carbon 2007 p. 20) 

4.5 Non-Kyoto based schemes 

The NSW Greenhouse Gas Reduction Scheme (NSW GGAS, Australia), and the 

Chicago Climate Exchange (CCX, USA) are the two most significant non-Kyoto 

based trading schemes (Point Carbon 2007). Other schemes include; 

• The UK Emissions Trading Scheme (which has ceased trading as a 

mandatory scheme) (DEFRA 2007),  

• The ACT Greenhouse Gas Abatement Scheme (which is effectively an 

extension of the NSW GGAS) (ACT GGAS 2006), 

• The Regional Greenhouse Gas Initiative, (RGGI, a cooperative effort by 

Northeastern and Mid-Atlantic states of the USA to develop a cap-and-

trade scheme) (RGGI nd).   

Figure 17 illustrates the breakdown of market share. 

 

 

Figure 17: Breakdown of non-Kyoto markets.  (adapted from Point Carbon 2007 pp23-24).   
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4.5.1 The NSW scheme 

The NSW scheme is the first mandatory carbon-trading scheme in the world 

(Iemma 2005; Lecocq and Capoor 2005). It requires electricity retailers to limit 

emissions, and imposes a fine for non-compliance. Its scope is limited to electricity 

sold in NSW, and credits must be generated within NSW, or by respondents who 

generate electricity for consumption in NSW. It is expected that this scheme will roll 

over into a national scheme by 2012 (NSW 1995; IPART 2007 pp4-5). The NSW 

scheme is described in greater detail in section 4.7.1. 

4.5.2 The Chicago Climate Exchange 

The Chicago Climate Exchange (CCX) is a voluntary scheme that imposes legally 

binding emissions caps on its members. It is based in America, and includes a number 

of high profile US corporations in its membership (CCX 2007a). The expectation of 

legislative action in the USA led to almost a doubling of membership in 2006, with 

trading for the year being worth $AUD 47 million (Point Carbon 2007).  

Carbon offsets are traded openly on the CCX, and may be generated in either 

North America or Brazil according to many unreferenced sources, although the CCX 

website states that any CDM compliant project may supply offsets to the exchange 

(CCX 2007a).  CCX offset prices have fluctuated between $0.90 and $5.40 per tonne 

of CO2e, with average prices of under $2 up to mid 2006, and $4 subsequently (see 

Figure 18) (CCX 2007b).   

 

 

Figure 18:  CCX trade data from December 2003 to January 2009 (CCX 2007b, 

(www.chicagoclimatex.com)). Prices in USD and volumes in t CO2e 
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4.5.3 Carbon markets – 2007 and beyond 

The entry into force of the first Kyoto commitment period established market 

demand for the subsequent five years, against a background of rapidly changing of 

political and economic landscapes (Point Carbon 2007). Negotiations for subsequent 

commitments remain stalled, with the USA and many developing countries being 

opposed to binding targets (Pew Centre 2006).  This is despite growing concern that 

the economic and environmental costs of not acting decisively are increasing (Pew 

Centre 2006; Stern 2006; IPCC 2007; Garnaut 2008).  

Global carbon consumption continued to grow in 2007 (Capoor and Ambrosi 2007; 

Capoor and Ambrosi 2008). The supply of CDM credits is expected to decrease as 

HFC and Nitrous Oxide reduction projects run out of CERs to sell, with the expected 

development of alternative projects not likely to be sufficient to replace this lost 

capacity. Some of this shortfall will be met by the JI project sector, with the remaining 

growth being likely to occur within the domestic EU trading sector (Point Carbon 

2007). 

Very few CDM or JI projects have been established for the post 2012 period, 

possibly reflecting the uncertainty over the rules and targets that may govern future 

commitment periods (Point Carbon 2007).  Few forestry based projects have been 

implemented either (CDM EB 2009b; JISC 2009a), possibly in part as a result of their 

long term nature, and the previously mentioned uncertainty. 
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4.6 The Australian approach 

Australia’s obligation under the Kyoto Protocol is to restrict its annual emissions to 

an average of 108% of 1990 emissions levels between 2007 and 2012 (AGO 2008).  

Australia’s greenhouse emissions are projected to reach 599 million tonnes of CO2e 

per annum over the first Kyoto commitment period (AGO 2008). This is expected to 

result in a saving of 88 million tonnes of CO2e emissions when compared to the 

‘business as usual’ scenario, and, according to official estimates, places Australia on 

track to meeting its Kyoto target (Figure 19) (AGO 2008).  The inclusion of the 

‘Australia Clause’ to the Kyoto Protocol (negotiated in 1997 (UN 1998 Article 3.7)) is 

responsible for the dip in reported emissions after 1990. This clause required Australia 

to include LULUCF sinks and sources in its calculations, creating a ‘free’ 37 million 

tonne per annum reduction in land clearing emissions (Michaelowa 2001).  This 

reduction is due to changes in land clearing laws in 1990, and almost halves the 

required reductions from other sources (AGO 2006a). 

 

Estimated ‘with measures’ but 

without land clearing reduction

 

Figure 19: Australia's projected greenhouse emissions (AGO 2006b, p1) – adapted to show estimated 

business as usual emissions without the ‘Australia Clause’. 

 

Australia is permitted to include sequestration generated by the management of 

agricultural soils in its emissions calculations, but requires a full profit and loss 

account of emissions, for all agricultural lands, to do so (UN 1998, Article 3.4).  This 

is a difficult task given the variable nature of the Australian environment, and has not 
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been implemented to date (Keogh 2007; Australian Gov't 2008a).  This means that the 

majority of farming activities are excluded from Australia’s calculations of its 

emissions, and may not be used to create emissions offsets under regulated schemes.   

Australia’s average emissions have risen by 13.8% between 1996 and 2006 (Figure 

20) (DCC 2008b; DCC 2008a). The national population has risen by 13.0% for the 

same period, and is rising at a fairly constant rate  (ABS 2008b).  This seems to 

suggest that in the absence of additional measures, Australia would be on track to 

reach 112% of 1990 emissions by 2012, and average 110% for the first Kyoto 

commitment period. 
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Figure 20:  Breakdown of emissions by state (ABS 2008b; DCC 2008b; DCC 2008a), showing how the 

reduction in emissions from QLD (mostly from reductions in land clearing) has contributed very 

significantly towards the meeting of Australia’s target during the first Kyoto commitment period. 

 

4.6.1 National level responses 

The Australian federal government has responded to climate change through an 

initial National Greenhouse Response Strategy in 1992, and subsequently, through the 

National Greenhouse Strategy.  This strategy sets the framework for both federal and 

state responses, and has shaped individual state greenhouse strategy development 

(AGO 1998).  
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Federally based emissions reduction initiatives initially focused on enabling and 

incentive programs, and were projected to create 46.3 million tonnes of abatement 

during 2003-2004.  These initiatives were heavily subsidised by taxpayers and ran at 

an average cost of $4 per tonne of abatement (AGO 2004).  The political focus shifted 

prior to the 2007 federal elections however, with both major parties announcing that 

they would implement a national emissions trading scheme in the near future, if 

elected (Howard 2007; Rudd 2007).  The Labor party won the election and a national 

emissions trading scheme was flagged for commencement in 2010 (Wong 2008b; 

Wong 2008a), a date that was subsequently postponed. 

 

4.6.1.1 Australian Greenhouse Office 

The Australian Greenhouse Office (AGO) was established in 1997 to implement 

the national greenhouse strategy (Dury et al. 2002).  It was renamed the Department 

of Climate Change in 2007.  AGO initiatives relevant to carbon trading include the 

development of a national carbon accounting system as well as creating a voluntary 

carbon trading system and renewable energy trading system.  

 

• National Carbon Accounting System 

The Australian Greenhouse Office coordinated the development of the National 

Carbon Accounting System (NCAS).  This system delivers the means to assess 

changes to Australia’s vegetation cover, and to model its sequestration value.  

CAMFor and subsequently, FullCAM are two carbon models that were developed as 

part of this program (AGO 2002b; AGO 2005a). FullCAM has been implemented as 

the carbon modelling system for Australia’s carbon reporting requirements under 

Kyoto, and has been flagged as the standard against which carbon modelling will be 

assessed under the proposed National Emissions Trading Scheme (Australian Gov't 

2008a).   

 

• Greenhouse Friendly 

The Australian Greenhouse Office also runs the Greenhouse Friendly program, 

under which products may be awarded a ‘greenhouse neutral’ certification.  Product 

greenhouse footprints are assessed on a ‘cradle to grave’ basis, and carbon offsets 

may only be generated from activities above and beyond business as usual practices 
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(AGO nd). CO2 offsets may be generated by forestry activities, with one published 

forestry example trading credits at  $10 per tonne in 2006 (AGO 2007a).  

 

• Mandatory Renewable Energy Target 

The Mandatory Renewable Energy Target (MRET) is a requirement for Australian 

Electricity producers to generate an increasing amount (up to 9,500 GWh in 2010) of 

energy from renewable sources.  Incentive to comply with MRET was created by a 

penalty of $40/MWh for non-compliance (Commonwealth of Australia 2001) until 

2009 when it was amended to $65/MWh (Commonwealth of Australia 2009). It is 

implemented via the generation and trade of Renewable Energy Certificates (REC) 

(ORER 2005).  One REC is roughly equivalent to one tonne of CO2e (there is some 

variability caused by the method of electricity generation (DCC 2009)) and RECs 

may be used to assist compliance under the NSW Greenhouse Gas Reduction Scheme 

(GGAS). They are worth significantly more however if used under the MRET scheme 

(NSW GGSA nd-e). 
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4.7 State level responses 

4.7.1 The NSW Greenhouse Gas Abatement Scheme 

New South Wales was the first State to openly declare that existing (voluntary and 

government led) measures to combat greenhouse gas emission rates were not 

achieving desired cuts, and implemented a greenhouse emissions penalty for the 

electricity production sector (NSW 2001; NSW 2002a). This scheme created the first 

mandatory greenhouse gas trading scheme in the world (Iemma 2005; Lecocq and 

Capoor 2005) and contains the world’s first operational carbon sequestration trading 

scheme (Baalman and O'Brien 2005). It requires an estimated total emission reduction 

of 137 million tonnes of CO2 by 2012 (Drysdale 2005).  The NSW government 

extended this scheme until 2021, or until a national scheme commences (IPART 2007 

p61), and stated its policy to require 60% cuts in emissions by 2050 (Carr 2005; 

Iemma 2005; NSW GHO 2005). 
 

 

The NSW scheme is modelled on a baseline and credit system (MacGill et al. 

2003). It sets a legislated emissions cap (baseline) based on the NSW population 

levels, as shown in Figure 22, and permits the trading of CO2 emissions avoidance or 

release and recapture units (NSW GGSA nd-f).  This requires the Scheme 

Administrator to calculate an annual emissions factor, which translates the emissions 

benchmarks into an emissions cap for each individual year (NSW 2002b, sect. 

97CA(3)).  Emission levels above or below this baseline are then given a market value 

by the greenhouse emissions penalty, thereby creating the compliance incentive 

missing in the voluntary schemes.  

4.7.2 Additionality 

The NSW scheme does not, in its current form, require that registered abatements 

be additional to those generated under ‘business as usual’ practices. The Centre for 

Energy and Environment Markets (CEEM) has published several assessments of the 

NSW scheme, and strongly criticised the lack of additionality of many of the 

abatements (MacGill and Passey 2005; MacGill et al. 2005; Passey et al. 2007 etc.).  

The authors specifically claimed that approximately 70% or more of the abatements 

generated under the NSW scheme were not caused by the NSW scheme (MacGill et 

al. 2005 p4).  If this is true, the resulting $44 or more per tonne of additional 
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abatement is comparable with the initial fine value of the federal MRET scheme ($45) 

and the European Union spot price for CO2 (EU data, 26/10/2005: Point Carbon 

2005).  The NSW Greenhouse Gas Abatement Scheme administrator is highly critical 

of these claims, stating that they are based on an incomplete data set.  The scheme 

regulator also claims that the report uses an internationally superseded definition of 

additionality, excluding projects begun under previous schemes in their definition of 

legitimate abatement5 (NSW 2007 p705).   

4.7.3 100 year Rule 

The 100 year rule is unique to forestry projects and states that only sequestration 

that can be maintained in an estate for 100 years can be converted into carbon credits 

and sold (NSW GGSA nd-c).  The current application of this rule means that a grower 

with a single stand cannot claim any carbon credits if they intend to harvest the trees, 

even if the average abatement over the 100 years is high.  This limitation may not 

reflect the net effect on the environment, as is demonstrated in Figure 21.   

Comparison of Instantaneous and Average abatement for an individual stand
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Figure 21: A stylised comparison of instantaneous and average abatement for a single stand.  The 

current scheme’s 100-year abatement maintenance rule would not allow any carbon credits to be created 

from an estate consisting of a single stand such as this. 

 

This rule is also distinct from the rules governing reafforestation under the Clean 

Development Mechanism of the Kyoto Protocol (Neeff and Henders 2007; Baker & 

                                                 

5 Pers Comm; Rob Fowler, Technical Analyst, NSW Greenhouse Gas Abatement Scheme, 

3/11/2005  



Setting the context 

  44 

McKenzie nd; UNFCCC nd-d), and seems likely to limit the sale of forestry based 

NGACS in the international Kyoto market. 

4.7.3.1 Average stocks approach 

One mechanism favoured by a number of authors for overcoming this issue is 

called the Average Stocks Approach (Schlamadinger et al. 2004; Baalman and 

O'Brien 2005).  This approach averages the abatement over the project lifetime and 

removes the limitation on carbon credits imposed by significant harvest events.  This 

provides recognition of the net (rather than instantaneous) effect on the environment 

over the abatement period, and appears to be the favoured approach for a national 

emissions trading scheme (Australian Gov't 2008a).   

4.7.4 The 70% rule 

One of the rules governing sequestration based accreditations under the NSW 

scheme is commonly called the 70% rule (Sartor 2003; NSW GGSA nd-c).  It is often 

misunderstood to mean that only 70% of the carbon is claimable.  It may be more 

clearly described as the 70% confidence rule, and requires that no more than the ‘30th 

percentile value of the carbon stock change’ be claimed (NSW GGSA 2005a p23).  

This requires that the confidence intervals of survey data be modelled, with only the 

carbon present with 70% confidence (instead of the more usual 50% confidence, or 

mean value) being claimable (NSW GGSA 2005a).   

4.7.5 The NSW scheme penalty 

The greenhouse emissions penalty was set at $10.50 per excess tonne of CO2 in 

2004.  It is adjusted annually to account for inflation, and then rounded to the nearest 

$0.50 (NSW 2002a, sect 73C). This means that with an inflation rate of less than 

2.38% there will be no increase in the penalty because the rounding is down, but with 

inflation rates above 2.38% the penalty will increase at above CPI rates.  Figure 23 

illustrates the projected increase in penalty, and illustrates the expected value of an 

NGAC in the absence of a surplus of carbon credits. 
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Figure 22: NSW Greenhouse gas emissions benchmarks (Drysdale 2005). 
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Figure 23: Increases in before and after tax fine values of the NSW GGAS scheme. 

The annual CPI increase is set at 3%, tax rate is set at 30% and calculations are based on 2007 

legislation.   

 

The potential market value of a carbon credit in 2004 is $14, 18% more than the 

fine (Figure 24). This is due in part to the tax deductibility of an NGAC verses the 

non tax-deductible fine (Nolles 2006).   
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2006 saw a nine-fold increase in Demand Side Abatement NGACs (mostly from 

residential energy efficiency programs) (IPART 2007 pp40-43) leading to a 

significant change in the supply and demand equation (Figure 25) (IPART 2006; 

IPART 2007).  This resulted in a halving of NGAC prices in 2007 (Smith 2007). 

 

 

Figure 24: NGAC Market Statistics. 

Data source: Australian Financial Markets Association (Smith 2007). 

 

 

Figure 25:  NGAC Supply and demand. 

The increase in supply observed in 2006 is largely due to an increase in demand side abatement projects 

(IPART 2007 p56) 
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4.7.5.1 NSW scheme implementation 

The legal framework for the scheme is created by the Electricity Supply 

Amendment (Greenhouse Gas Emission Reduction) Act 2002, the Electricity Supply 

Amendment (Greenhouse Gas Abatement Scheme) Act 2006 and the Electricity Supply 

(General) Amendment (Greenhouse Gas Emission Reduction) Regulation 2002; (NSW 

GGSA nd-g).   

This legislation sets the emission reduction targets, and empowers the Department 

of Energy, Utilities and Sustainability (DEUS) to implement the scheme and to 

appoint a scheme administrator.  Accordingly, DEUS has appointed the Independent 

Pricing and Regulatory Tribunal (IPART) as the scheme administrator, and has made 

five rulings, including the Greenhouse Gas Benchmark Rule (Carbon Sequestration) 

No. 5 of 2003 (NSW 2001; Acuity Legal 2003).   

The scheme is currently legislated until 2021, with current (NSW Labor) policy 

being to extend it to 2050 on a 15 year rolling basis and require a 60% cut in 

emissions by this date if a federal scheme is not implemented (Carr 2005; Iemma 

2005; NSW GHO 2005). 

4.7.6 Carbon Sequestration in NSW 

The Carbon Sequestration Rule permits the scheme administrator to credit 

emissions offsets against measured forest sequestration.  This rule requires a forest to 

be established on previously clear or cleared land and that any sequestration claims be 

verified in a transparent manner for the subsequent 100 years (NSW GGSA nd-c; 

NSW GGSA nd-d).  The 1/1/1990 Kyoto baseline is used to determine what land is 

eligible for the scheme (NSW GGSA 2004), and the scheme administrator requires 

regular audit information in order to ensure that sequestration providers are not 

printing counterfeit carbon credits or illegally releasing stored carbon (NSW GGSA 

nd-d).  

The creation of carbon credits relies heavily on research and modelling to provide 

an estimate of the number of credits available for sale (AGO 2002a).  The NSW 

scheme has implemented a requirement that there be a 70% chance of more carbon 

being sequestered in any one stand than is claimed as credits (the 70% confidence 

rule), in order to provide confidence that traded credits are backed up by real 

sequestration (Sartor 2003; NSW GGSA nd-c) (see section 4.7.4 for more detail).  
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This requires that the confidence of modelled estimates be identified, and has the 

effect of penalising poor survey practices. 

4.7.6.1 The Carbon economy in NSW 

A total of 44.2 million carbon credits were created under the NSW scheme 

between 2003 and 2007.  Of these, 32 million credits, worth a potential $400 million 

(at an average of $12.50 per credit) were traded and 26.5 million were surrendered to 

avoid $308 million in penalties (GGAS Registry 2005).  In total, the scheme is 

expected to require the surrender of around 137 million carbon credits by 2012 

(Drysdale 2005). 

 

4.7.7 Carbon Sequestration initiatives in other States and 

Territories 

4.7.7.1 Australian Capital Territory 

The Australian Capital Territory implemented the 1999 ACT Greenhouse Strategy 

with the goal of reducing emissions to 1990 levels by 2008 (ACT 1999).  This scheme 

was mainly implemented through voluntary means or direct government activity, and 

was 36% below target in 2002 (Energy Strategies 2003).  In 2004 the Electricity 

(Greenhouse Gas Emissions) Act established a trading scheme that mirrors the NSW 

Greenhouse Gas Abatement Scheme, and appoints the NSW scheme administrator as 

the ACT scheme administrator as well.  The ACT scheme will not accredit 

sequestration projects until it finishes assessing issues relating to establishment of 

carbon rights on leasehold land (NSW GGSA nd-a), and has not enacted carbon rights 

legislation  (Hepburn 2008). 

4.7.7.2 Western Australia 

The Western Australia Greenhouse Strategy was released in 2004 with a focus on a 

renewable energy target and direct government initiatives (WA Gov't 2004).  The 

Western Australian Greenhouse Unit was established as a part of this strategy (Gallop 

2004). 

At the time of writing, the Western Australian government has no intention of 

establishing a State based emissions trading scheme despite the introduction of the 

Carbon Rights Act (2003), the Tree Plantations Agreement Act (2003), and the 

amendment of the Transfer of Land Act (1893) (WA Gov't 2007).  It was, however 



Setting the context 

  49 

investing strongly in revegetation (Gallop 2004) and has promised a Renewable 

Energy Target (RET) of 15 per cent by 2020, and 20 per cent by 2025 (WA Gov't 

2007).  WA further supports a national emissions trading scheme (Gallop 2004; WA 

Gov't 2007) and has set the goal of reducing emissions by 50% by 2050 (WA Gov't 

2007).  

4.7.7.3 Victoria 

The Victorian Forestry Rights Act (1996) was amended in 2001 to include carbon 

rights as a separately tradable entity (Thompson and Ellison 2003). Victoria is 

investing in carbon accounting research, but mainly relies on voluntary or indirect 

greenhouse gas reduction initiatives to drive emissions reductions (DoSE 2002). The 

definition of carbon rights in Victoria has become an issue, with the proposed 

National ETS requiring that they be defined as a personal property right, or 

equivalent, for inclusion.  The Victorian carbon rights definition does not do this, 

merely stating that a carbon right is not a forestry right (Vic Gov't 1996). 

4.7.7.4 Queensland 

QLD is a significant emitter of land use change emissions, but has reformed 

vegetation management legislation to phase out broad-scale land clearing (AGO 

2006b p18). The Qld Forest and Land Title Amendment Act (2001) created carbon as 

a tradeable entity by defining it as a natural resource product (QLD Govt 2001). The 

QLD definition of carbon rights is inconsistent with the requirements of the proposed 

National ETS however, and will require modification before QLD can trade 

sequestration under that scheme (Australian Gov't 2008a).   

A range of government initiatives, most notably the pre-existing phase-out of broad 

scale clearing and the 13% Gas scheme were brought under the Qld Greenhouse 

Strategy banner in 2004.  Queensland has implemented a penalty system for failure to 

meet the requirements of the 13% Gas scheme (Mohr 2005). 

4.7.7.5 Northern Territory 

The Northern Territory has not enabled carbon rights legislation, and does not 

appear likely to do so of its own volition due to the perceived low economic 

importance of a plantation forest industry for the territory (IPE 2004b; Hepburn 

2008).  NT Greenhouse strategies include the establishment of a ‘Greenhouse Unit’ in 

2001 (to act as an advisory board to the government) and the implementation of 
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several voluntary or government mediated strategies for greenhouse gas reduction 

(IPE 2001; IPE 2004a). 

4.7.7.6 Tasmania 

Tasmania amended the Forestry Rights Registration Act 1990 to include carbon 

rights in 2002 following the release of the Tasmania Greenhouse Statement in 1999 

(Tas Gov't 1990).  In this statement, Tasmania claims to be a net carbon sink already, 

and therefore does not need to invest heavily in emissions reduction in other areas 

(DPIWE 1999).  

4.7.7.7 South Australia 

The South Australian government has implemented a renewable energy strategy, 

and developed a greenhouse strategy through the Office of Sustainability (DEH 2005; 

Rann 2005).  A progress report was released in 2008 (SA Gov't 2007).  It has also 

enacted the Forest Property Act 2000 to establish carbon as a personal property right 

(SA Gov't 2001). 

 

4.7.8 Summary of State legislation status 

An abbreviated summary of State legislation is provided in Table 4.  This table is 

adapted from the Plantations 2020 vision November Update (Thompson 2008 p40), 

with notes on the applicability of carbon rights legislation being added following a 

comparison of enabling legislation. 

 

Table 4: Summary table - legislation by jurisdiction by plantations-related issue.  Adapted from Thompson 
(2008).   

 

Issue QLD NSW VIC TAS SA WA NT ACT 

Legislation regarding rights to plant are in 

place  
√ √ √ √ √ √ D X 

Legislation regarding rights to harvest are 

in place 
√ √ √ √ √ √ D X 

Separation of ownership (land and 

trees) 
√ √ √ √ √ √ D X 

Separation of ownership (trees and 

their products, including carbon) 
? √ ? √ √ √ D X 

Code of Practice* X √ √ √ √ √ √ √ 

Note: (√) means unambiguous legislation is in place, (X) means legislation is not in place; (D) signifies legislation is under 

development. 

* Codes of forest practice set out principles (often with standards) that specify minimum acceptable practices and goals in 
forest management operations. 
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? The form of legislation in place may require adjustment to meet the requirements of carbon trading. 

 

 

4.8 Concluding summary 

 

The focus of this thesis was to support an accreditation as a sequestration provider 

under the NSW Greenhouse Gas Reduction Scheme.  Chapter 2 provides an overview 

and summary of climate change science.  Chapter 3 furthers this goal with an 

overview and summary of what carbon sequestration involves. Chapter 4 describes 

the national and international carbon markets as a basis for understanding the context 

of the NSW Scheme.  The NSW Scheme is demonstrated to be a significant, albeit 

small part of the global carbon market, and a major component of the non-Kyoto 

based markets.  It was also the most significant domestic market in 2005, when the 

accreditation as a sequestration provider was granted to the Australian Forest 

Corporation. 

 

 

The following chapter identifies the requirements for accreditation under the NSW 

GGAS Scheme and explores options for meeting them. 
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5 Gaining accreditation 

5.1 Introduction 

The main purpose of this thesis was to facilitate an accreditation to generate 

plantation sourced carbon credits under the NSW Greenhouse Gas Abatement 

Scheme.  The scheme legislation required that management systems be implemented 

that would meet minimum regulatory and management standards (NSW GGSA 

2005b; NSW GGSA 2005a).  This first required that a Kyoto compliant forest be 

established on Kyoto compliant land, and procedures for measuring, checking and 

reporting the subsequent sequestration be submitted to the scheme administrator for 

assessment (Sartor 2003).  In addition, the research sponsor required that the 

management systems be of a broad enough nature to allow for coverage of a wide 

range of forest stand types and management regimes.   

Two field research components were implemented as a part of this process.   

• Firstly, a pilot stand of mixed subtropical rainforest species from Northern 

NSW was surveyed to provide initial inventory data and enable compliance 

with the accreditation process.  A stem volume and standing carbon 

estimate was developed from the data; 

• Secondly, the macadamia industry was investigated to determine suitability 

for a large scale sequestration project.  The wood properties of macadamia 

spp. were investigated, a growth and taper model developed, and a 

sequestration estimate for the industry was generated. 

The third component of the thesis was the design of the Accreditation application 

itself. This consisted of: 

• The design of the Forest Management System.  This included the 

specification of how the forest was to be managed, all modelling processes 

that were to be conducted, and the Risk management processes that were to 

be implemented; 

• The design of an Auditing framework, including the specification of a 

Records Management System. 

 

The following five chapters lay out; the requirements and recommendations for 

each component and a summary of the outcomes. 
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6 Stand registration 

The Carbon Sequestration Rule requires that the stand be Kyoto consistent, and 

that it must occur on land that did not contain a forest on the 31st of December, 1989 

(Sartor 2003).  A Kyoto consistent stand is defined for the scheme’s purposes as 

having a tree canopy cover (or equivalent stocking level) of more than 20% of the 

planted area (Standards Australia 2002c; Sartor 2003).  This means that average tree 

spacing must be less than two canopy widths apart when measured on a square grid.  

The trees must also have the potential to grow to at least two metres tall on the site, 

and the stand must cover a minimum area of 0.2 ha.  These requirements are also 

consistent with the National Carbon Accounting System (AGO 2002c; NSW GGSA 

nd-c) and the NSW Plantations and Reafforestation Code (2001)6.    

The Rule further requires that the Carbon Rights for the stand be registered on the 

title of the land and be owned by the applicant.  Evidence of this registration of the 

carbon rights on the land title must be supplied to the scheme administrator along with 

the application (NSW GGSA nd-b) for registration as a sequestration provider. 

 

6.1 Stand registration results 

The stand used to effect the accreditation was a 0.75 ha mixed rainforest planting 

supplied by the director of the Australian Forest Corporation.  Kyoto Compliance was 

established using pre and post 1989/1990 aerial photography supplied by the Dept. of 

                                                 

6 Pers Comm: Mark Stanton-Cooke, Plantations Officer, DIPNR & Rob Fowler, Technical Analyst, 

NSW Greenhouse Gas Abatement Scheme. 
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Infrastructure, Planning and Natural Resources 

(  

Figure 26).  The existence and eligibility of the stand was proven photographically 

and through a foundation survey of the stand (Figure 27). The ownership of the 

carbon rights was also obtained on behalf of the Australian Forest Corporation, and 

registered on the relevant portion of the land title.  

 

 

 
Figure 26: Pre and post 1990 aerial photos of the registered land, proving Kyoto compliance.  Photos 

copyright NSW Dept. Lands. 
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Figure 27: Photographic evidence of stand existence, and excerpt from map showing plantation extent 
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7 Risk management 

A risk is defined by the Australia/New Zealand Standard for Risk Management 

(AS/NZS 4360:2004) as:  

“…the possibility of something happening that impacts on your objectives.  It is the 

chance to either make a gain or a loss.  It is measured in terms of likelihood and 

consequence.” (ACT Insurance Authority 2004 p4).  

 

The scope of risk management complements the principles of Sustainable Forest 

Management.  These principles may be broadly defined as:  

   ‘Sustainable forest management is the process of managing forests to achieve 

one or more clearly specified objectives of management with regard to the production 

of a continuous flow of desired forest products and services, without undue reduction 

of its inherent values and future productivity and without undue undesirable effects on 

the physical and social environment.’ (ITTO 1998).  

 

Forest management is part art as well as part science (Dargavel 1995; Florence 

1996; Puettmann et al. 2009). The unpredictable nature of stochastic risk factors 

makes it impossible to engineer them out of the system, and forest managers must 

instead approach a forest as an organic entity and attempt to strengthen or adapt it 

sufficiently for it to withstand the unexpected (Standards Australia 1996; Wintle and 

Lindenmayer 2008; Puettmann et al. 2009). 

The principles of risk and sustainable forest management are closely linked 

(Wintle and Lindenmayer 2008). Risk management is designed to manage the 

possibility of the environment impacting on the forest, and sustainable forest 

management is the management of a forest’s impacts on its environment (Florence 

1996; Burgman 2005; Griffin 2006; Wintle and Lindenmayer 2008; Puettmann et al. 

2009).  A holistic approach to risk management in forestry should therefore consider 

sustainable forest management principles, as the forest/environment interaction is 

continuously evolving (Florence 1996; Wintle and Lindenmayer 2008; Puettmann et 

al. 2009). 
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7.1 Minimum risk management requirements 

The Scheme requires that a system be in place that documents sufficient 

management and observational information to enable an auditor to judge the 

effectiveness of risk management practices (NSW GGSA 2005b; NSW GGSA 

2005a).  To achieve this, the scheme requires that the application detail the means by 

which the stand manager proposes to guard against the accidental loss of carbon, and 

that these means address fire, disease, pests and climate variability (NSW GGSA nd-

c).  The scheme further requires that all carbon modelling activities be easily 

auditable, and that the records generated by these processes be retained within an 

accredited, AS 15489 compliant record keeping system (NSW 2002b; Sartor 2003; 

NSW GGSA nd-c; NSW GGSA nd-d).  

7.2 Principles of risk management 

The principles of Risk Management, as outlined by the International Organization 

for Standardization (Standards Association of Australia 1999) are:  

i. Risk management should create value; 

ii. Risk management should be an integral part of organizational processes; 

iii. Risk management should be part of decision making; 

iv. Risk management should explicitly address uncertainty; 

v. Risk management should be systematic and structured; 

vi. Risk management should be based on the best available information; 

vii. Risk management should be tailored; 

viii. Risk management should take into account human factors; 

ix. Risk management should be transparent and inclusive; 

x. Risk management should be dynamic, iterative and responsive to change; 

xi. Risk management should be capable of continual improvement and 

enhancement.  

 

Establishing these principles requires that the activities whose risks are to be 

managed are structured in a way that facilitates monitoring and adaptation (Griffin 

2006). 
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7.3 Establishing the risk management system 

7.3.1 Stand management template 

The first step in developing an appropriate risk management template is to develop 

a stand management template.  This template should be designed to implement good 

silvicultural practice in a systematic and documented way.  It should also provide a 

framework for the identification and implementation of industry best practice on a site 

by site basis, and is to be included as part of the Risk Management Plan. This 

template establishes the framework for: 

• Defining the objectives of the stand management plan; 

• Defining stand management responsibilities; 

• Identifying key risk factors; 

• Identifying risk management strategies; 

• Defining a quality assurance process for each management strategy. 

 

7.3.2 Fire management plan  

Fire is a severe direct threat to plantations due to its potentially serious effects on 

sequestration levels (Williams and Gill 1995 ch3; Kimmins 1997).  It is often a 

distinct, external threat, and fire management plan that is separate from, and 

additional to the stand management plan is warranted.  A template should facilitate: 

• Definition of the plan’s objectives; 

• Definition of fire management responsibilities; 

• Identification of specific risks; 

• Identification of risk management strategies; 

• Development of a quality assurance process. 

 

7.4 Formulating the plans 

Of the available risk and hazard management models (SAI 2004; Burgman 2005; 

Griffin 2006), a structured brainstorming approach is considered to be the most 

flexible (SAI 2004; Burgman 2005).  This process, if used correctly, encourages the 

systematic application of expert knowledge (Burgman 2005) and can facilitate 
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management as an adaptive and evolving framework.  This approach does require 

however that the risk of failing to correctly assess new developments be considered in 

the design of the structured framework (Burgman 2005).   

 

7.5 Risk management results 

The Risk Management design strategy was tested through the submission of the 

AFC Risk Management Policy and Procedures.  This document provides a template 

for identifying and assessing key risks, and provides a quality assured process for 

managing these risks throughout the life of the scheme.   

The identified risks were as follows: 

 

1. Required by NSW GHG office 

• Climate Change 

• Disease 

• Fire 

• Stand permanency 

• Pests  

2. Internally Identified 

• Modelling errors 

• Measurement errors 

• Prediction errors 

• Weather extremes 

• Weeds 

 

Of these risks; pests, disease, weeds, weather extremes and permanency may be 

adequately managed through good forest management techniques (West 2006).  It 

also seems likely that the main effect of climate change is to alter the risk profiles of 

the above mentioned issues (IPCC 2001a).  A template Stand Management and 

Maintenance plan was therefore developed to specifically address these issues in a 

manner consistent with the principles of risk management (Chapter 3). 

Fire is a risk that falls outside of biological health management. It was also 

assessed as a risk that varied by locality, and not necessarily by stand type, and 

therefore warranted a separate management plan. 

The remaining identified risk factors may be grouped together as procedural or 

knowledge based risks, and were dealt with in the main body of the risk management 

plan. 
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8  Carbon measurement 

8.1 Background 

The means by which the volume of sequestration, and thereby the number of 

available carbon credits is estimated must follow documented and scientifically 

defensible procedures.  Such procedures must be capable of quantifying the expected 

levels of variability in the proposed project types (Sartor 2003; NSW GGSA 2005a). 

A Monte Carlo uncertainty analysis must be performed on the data to be used for 

modelling, and only the sequestration available with 70% statistical certainty may be 

claimed (Sartor 2003; NSW GGSA 2005a).  This means that on average, there will be 

a 70% chance that there is more sequestration in each individual stand than is claimed.  

This requirement has the effect of penalising less intensive measurement regimes due 

to the reduction in statistical certainty that they cause (Devore and Farnum 1999). 

8.2 Field measurement procedures 

A number of different frameworks exist for carbon measurement and modelling, 

(Rombold 1996; MacDicken 1997).  The majority of these however have been 

designed with the Clean Development Mechanism foremost in mind, and require at 

least some adaptation to be suitable for use under the NSW scheme.  Field 

Measurement Procedures for Carbon Accounting (2002), published by the Australian 

Greenhouse Office, was identified as generally meeting the needs of the scheme.  It 

provides sufficiently accurate measurement procedures for general carbon accounting 

requirements, and does so in an Australian context.  Specific advantages included: 

 

• Confidence based sampling intensities permit implementation of Monte 

Carlo assessment techniques; 

• Acceptance of these procedures at Government departmental level should 

increase the likelihood of success of an accreditation based on them. 
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8.3 Carbon modelling 

The Australian Greenhouse Office has published two sequestration models that are 

suitable for Australian conditions.  These are CAMFor and FullCAM. 

• The CAMFor model requires that growth data be supplied, and converts 

this growth data into various tree fractions and then into carbon.  It then 

combines the individual estimations back into an estimation of total 

sequestration.  It is able to model a variable estate via the combination of a 

number of stand models, but requires detailed knowledge to set up the 

highly complex input parameters and does not provide for internal 

uncertainty analysis.  The soil modelling component was fount to be 

unusable for the accreditation pilot due to lack of data. 

• The FullCAM model provides a graphical user interface that drives a 

composite model made up of a number of smaller models (including 

CAMFor) and provides most of the technical data required to drive the 

sequestration estimations (Richards 2001).  This model is much easier to 

use than CAMFor due to the provision of default datasets and has 

scientifically defensible soil modelling due to the inclusion of the 

Rothamsted soil carbon model. It is also able to integrate with an 

uncertainty analysis add on called ‘@Risk’7 to provide a built in calculation 

of the 70% certainty carbon estimation point.  

CAMFor was chosen as the sequestration model for the application, despite 

significant inadequacies, due to its availability at the commencement of the thesis.  

The AFC CAMFor Operators Manual details how this model is to be set up and run, 

and has been developed from data largely published by the Australian Greenhouse 

Office.  A large amount of uncertainty remains around some of the parameters 

however and any future implementations should consider using FullCAM.. 

8.4   Carbon measurement results 

The Carbon Sequestration Estimation Methodology and CAMFor Operators 

Manual were developed to manage and implement the sequestration estimation 

process.  

                                                 

7 Available from Palisade software. 
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9 Records management  

9.1 Background 

The NSW GGAS scheme administrator has identified records management as 

sufficiently important to warrant an individual applicants guide to record keeping 

requirements (NSW GGSA nd-d).  The scheme requires that a suitable document 

control system be in place, and that records must be retained for at least six years. 

Australian Standards compliant quality control procedures are required and all 

sequestration related activities must be fully verifiable and auditable (NSW GGSA 

nd-d). 

9.2 Record management systems 

Standards Australia defines a record as ‘information created, received, and 

maintained as evidence and information by an organisation or person, in pursuance 

of legal obligations or in the transaction of business’ (Standards Australia 2002a). In 

order for this information to be useful however, it must be the ‘right information 

presented at the right time, to the right person, at a reasonable cost’ (Kennedy and 

Schauder 1995).  To this end, a records management system was sought that would 

meet the needs of the pilot accreditation process without undue complication, but 

would also be scalable and facilitate the introduction of technologically advanced 

information storage and retrieval systems as required. 

9.3 Developing the framework 

The International Standards Organisation has established a record management 

framework that includes a requirement to  (Standards Australia 2002a p4): 

i. Set policies and standards; 

ii. Assign responsibilities and authorities;  

iii. Establish and promulgate procedures and guidelines;  

iv. Provide a range of services relating to the management and use of records;  

v. Design, implement and administer specialized systems for managing 

records; and  

vi. Integrate records management into business systems and processes.  

 

http://en.wikipedia.org/wiki/Guideline
http://en.wikipedia.org/wiki/Administration_(business)
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9.4 Developing the system 

The development of a records management system involves (Standards Australia 

2002a):  

i. Identifying information requiring capture;  

ii. Defining the form and structure of the records; 

iii. Determining record metadata requirements; 

iv. Determining records retention, retrieval and transmittal requirements; 

v. Defining record organization needs; 

vi. Assessing risks associated with system failure; 

vii. Defining record lifecycle and archival needs; 

viii. Determining legal and regulatory requirements; 

ix. Ensuring record safety and security; 

x. Establishing appropriate end of life procedures; 

xi. Implementing a quality assurance and improvement process. 

 

9.4.1 Information identification 

The information requiring capture relates to the regulation and oversight of the 

accreditation, and the management and oversight of the registered stand.  

Information requirements relating to stand management may be defined during the 

development of stand management policies.  Stand management information must 

then be summarised and/or modelled, and then be transmitted to the scheme 

administrator to facilitate the regulation of the stand.  Information that is related to 

a project or group of stands but not to any one particular stand will also be 

transmitted between the accredited party and the scheme administrator.  

 

9.4.2 Form and structure definition 

The form of a record should correctly convey the information it contains (ISO 

15489.1 p7).  The small scale of the pilot accreditation requires that record form and 

structure should be simple and not onerous to use.  Useability should not be degraded 

by project scale however.  Taylor (1992) claimed that approximately 95% of office 

records were still stored on paper.  This may in part be due to the relative ease with 

which paper records may be created, stored and accessed in small, and well run 
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medium scale records management systems, and the failure of technology to offer 

greater convenience at this scale (Taylor 1992; Kennedy and Schauder 1995).  

The structure of a record should ideally follow a standard format for each record 

type, and may be defined in records management policy (Kennedy and Schauder 

1995).  

 

9.4.3 Metadata requirements 

The scheme administrator requires that a system be implemented to ensure that 

superseded versions of controlled documents (such as policies, procedures, manuals 

and forms) are removed from use.  In addition, records related to the regulatory 

compliance with scheme requirements should also be registered in order to facilitate 

auditing processes. This means that records need to be assigned a unique identifier, a 

date and time of creation/registration, a record of the author, sender or recipient, and 

that procedures for archiving or disposal of documents be established (Standards 

Australia 2002b).   

 

9.4.4 Retention, retrieval and transmittal requirements 

The scheme requires that most records be retained for at least six years (NSW 

GGSA 2005b p7).  It is recommended however that records essential to the 

reconstruction of critical information (such as stand survey information) be retained 

for the life of the project.   

The scheme administrator also generally requires that retention, retrieval and 

transmittal processes be documented, and a process map be made available (NSW 

GGSA 2005b). 

 

9.4.5 Record organisation 

Records should be organised and stored in a systematic and logical manner in order 

to facilitate record searches (Standards Australia 2002a).  To this end, a record 

categorisation system should be implemented and recorded as form metadata.  The 

layout of the physical storage system should also be considered in order to minimise 

the time required to locate individual records (Kennedy and Schauder 1995). 
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9.4.6 Assessing system failure risk 

Failure of the records management system may result in: 

• Increase in operating costs; 

• Failure of stand management, and resultant risk management systems; 

• Failure of the carbon modelling system; 

• Failure to pass the required audit process, and resultant suspension from 

trading. 

 

9.4.7 Defining record lifecycle and archival needs 

Information usage and transmittal processes are likely to follow yearly and five-

yearly cycles. Information may be archived following the audit process of the five-

yearly processing and reporting cycle in order to reduce the storage requirements of 

the active record storage facility. 

 

9.4.8 Determining legal and regulatory requirements 

It is a legal requirement under the scheme that the records management system 

comply with all relevant policy and procedures documents where said documents are 

included as a condition of accreditation as a sequestration provider (NSW 2002a; 

NSW GGSA 2005b).  Good records management policy should also identify relevant 

legislation, and where necessary should specify the method of compliance.  

 

9.4.9 Ensuring record safety and security 

Risks to record safety and security include (Kennedy and Schauder 1995): 

• Unauthorised access; 

• Environmental hazards; 

• Inadvertent loss. 

 

Access controls may be stipulated in policy and procedures to control against 

unauthorised access.  Environmental hazards relate to physical storage location, and 
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include hazards such as fire and water damage etc.  These hazards may be controlled 

either through backup systems or through control measures (hazard or risk) tailored to 

specific locations.  Inadvertent loss may eventuate through misfiling of a record, or 

failure to otherwise return a record to the filing system.  A record access register may 

be implemented to guard against this form of risk (Kennedy and Schauder 1995). 

 

9.4.10 Establishing appropriate end of life procedures 

Superseded versions of records, or records no longer needed are required by the 

scheme administrator to be destroyed according to a clearly documented procedure, 

and that lifecycle metadata be included with relevant records (NSW GGSA 2005b).    

 

9.4.11 Implementing a quality assurance and improvement 

process 

The scheme administrator requires that the records management system implement 

a process for controlling the accuracy of records and the integrity of the management 

system (NSW GGSA 2005b p8).  ISO 9001 (Standards Australia 2000) outlines the 

principles of competent monitoring and feedback systems, and should be consulted as 

a part of the design of the records management system. 

 

9.5 Records management results 

The records management requirements were met through the Records Management 

Policy and Procedures document. This document outlines the requirements and 

responsibilities of records management personnel, and details implementation of the 

quality assurance procedures.  A series of standardised forms were designed to 

capture and control all information generated through the risk and stand management 

processes.  The system was implemented as a paper based records system due to its 

initial small scale, but was designed with a view to developing a remote electronic 

lodgement system later, as data handling activity increased.   

The Records Manager retains overall control of the Quality Assurance process, 

with the update and controlled document procedures being defined in the records 

management policy. 
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10 Applying for accreditation 

The scheme administrator provided a pilot accreditation process for the first round 

of applicants.  This provided a framework for the trial and error evolution that 

followed, as both the applicants and the scheme administrator came to understand the 

practical requirements of implementing a scheme for which there was no precedent.  

The Sequestration Rule was revised during this time, and AFC’s application evolved 

through three preliminary versions before a final submission was ready for the scheme 

administrator’s formal consideration.   

The scheme administrator assessed that the submitted documents met the 

requirements of the scheme, and registered the Australian Forest Corporation as an 

accredited sequestration provider on the 19th of April 2005. 

 

10.1 Accreditation Results 

The Australian Forest Corporation was accredited as an abatement certificate 

provider on the 19th of April 2005.  The Australian Forest Corporation was the third 

company in Australia to be accredited to create abatement certificates. 

The completed application was designed around a mixed species environmental 

planting. The scheme administrator believes that this accreditation is the first of its 

type in the world to be granted for a sustainable forestry model (AFC 2005).  

Feedback from the NSW GGAS scheme administrator also suggested that 

modifications to the risk management procedures would enable the accreditation of 

commercial plantations using the existing systems.   

 

 

 

 

 

 

  

The Plans that were developed using this framework are included on the 

accompanying CD for examination purposes.  They remain the property of the 

Australian Forest Corporation however, and are not available for public release. 
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11 Macadamia Industry Assessment 

11.1 Introduction 

 

The following chapter presents the results of an investigation into the potential 

sequestration rates of the Australian Macadamia industry.  It was conducted in order 

to assess the Macadamia industry as a candidate partner for a joint accreditation 

project under the NSW GGAS, and also provides a basis for an initial estimate of 

sequestration rates in macadamia plantations. 
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12 Preliminary carbon sequestration modelling for 

Macadamia plantations 

 

12.1 Introduction 

This paper is the first part of an investigation into the sequestration profile of the 

Australian Macadamia industry.  It has arisen from a need to develop information to 

enable sequestration modelling for plantation grown Macadamia spp. in order to 

establish its market potential for participation in a sequestration project.  It also has 

the potential to enhance the economic and environmental sustainability of the 

industry, and assist the development of appropriate climate change policy. This may 

help improve the viability of an important Australian export market through increased 

revenue, and assist the ongoing development of Australia’s international reputation 

for climate change action.   

The Agricultural sector currently contributes around 16% of Australia’s total 

emissions, with horticulture contributing less than 3% (AGO 2006b).  There is, 

however a great deal of uncertainty as to the costs and benefits of a carbon tax or a 

carbon trading system in the agricultural sector.  There is a particular deficit of 

information on the role the various horticultural species play in creating sinks and 

sources of emissions, due probably to their very low timber production significance.   

12.1.1 The Australian Macadamia Industry  

Macadamia nuts are Australia’s only commercially significant native food product. 

The industry is located principally around the northern New South Wales towns of 

Alstonville, Lismore and environs, and in Queensland around Gympie, Bundaberg, 

Rockhampton and the Atherton Tablelands. The industry is the largest of Australia’s 

tree nut industries, and represents around 13% (by tree numbers) of Australia’s fruit 

and nut production (ABS 2008a). According to 2005 data, the Australian Macadamia 

industry consists of over 900 growers who collectively farm 3.3 million nut-bearing 

trees  on 17,000 hectares in QLD and NE NSW (FAR. 2005; ABS 2008a; AMS 

2008).  This was worth a total of $146 million in 2004 (Figure 28), but declined to 
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less than half this value according to 2007 estimates (Heap 2007). It is an ideal 

industry for which to assess the carbon risks and opportunities with a view to 

marketing a “Carbon Friendly” or “Carbon Neutral” Industry and produce, and/or 

generating sequestration income.  

 

 

 

Figure 28: Value of the Macadamia industry (FAR. 2005; Heap 2008)  

 

12.1.2 Macadamia – the species 

Macadamia integrifolia and M. tetraphylla are commercially grown in Australia 

and elsewhere for nut production and are members of the Proteaceae family (Harden 

et al. 2000). A range of natural and controlled hybrids of M. tetraphylla and M. 

integrifolia exist, although M. integrifolia is considered rare in the wild (Harden et al. 

2000).  An unreferenced source notes macadamia timber properties as being hard and 

dense, with a Basic Density (BD) of 800-1000 kg/m3, of fine texture, and with 

pronounced medullary rays (Dimitriadis 2005). M. integrifolia is a tree or tall shrub 6-

18 m tall, whilst M. tetraphylla  grows to 18-20 m (Harden et al. 2000). 

 

12.1.3 Carbon trading  

Australia announced the framework for a national emissions trading scheme in 

December 2008. Supporting publications have signalled an expected carbon price of 

around $25/tonne CO2e commencing in 2010 (Australian Gov't 2008b).  Whilst 
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significant volatility is expected around this price, and its commencement date, 

$25/tonne CO2e is selected as the value of a carbon credit in subsequent estimates.   

The framework also establishes that forests or plantations that were established 

after 1990 on land that was cleared before 1990 may be eligible to sell sequestration 

that is generated after 2008. The 2008 industry census data is presented in Figure 29.  

Information on the previous land use was not available, and this study’s estate 

sequestration estimates are based on all identified post 1990 plantings.  
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Figure 29: Count of trees according to year planted (ref AMS 2008 mac sensus) 

12.2  Research methodology: Macadamia industry assessment 

12.2.1 Site Description 

The study was conducted at Deenford Macadamia Plantations near Knockrow, in 

north-eastern NSW.  

 

Add maps 

 

The average temperature at the study site is 19.3oC, with a daily range of 10.2oC, 

an average annual maximum of 28.2oC, and an annual average minimum of 8.4oC, 

accompanied by an autumn dominated rainfall of 1730mm per annum (BOM 2008).  

The soil forms part of the Wollongbar landscape group, and consists of deep, well 

drained kraznozems, probably of Gn3.11 or Gn4.11 Northcote soil group (Morand 

1994) and the terrain consists of an East facing slope with a fall of approximately 1:4 

(Topoview 2000). 
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12.2.2 Stand description 

The sampled stands consisted of a 17 and 25 year old stand of M. integrifolia var. 

344, and a 10 year old stand of vars. A4, A16 & A42 hybrids.  The Var 344 stands 

were planted as single species stands with a stocking rate of 357 stems per hectare.  

The A series hybrids were planted as a mixed stand, with each hybrid in contiguous 

bays, with a stocking of 250 stems per hectare (James 2008).  The younger stand had 

not attained canopy closure, and would not have attained it if planted at 357 stems per 

hectare. It has therefore assumed to be stocked at the higher rate when comparing 

with the older and more densely stocked stands due to the lack of competition effects 

on basal area increments.  Height data was also compared directly, ignoring any 

varietal variability. 

12.2.3 Sampling methodology 

Thirty trees from the 25 year old stand of M. integrifolia var. 344 were sampled for 

Basic Density, with material being obtained from a systematic thinning operation.  

The stand of 17 year old var 344 was also surveyed for height and diameter growth, 

as was a mixed 10 year old stand of vars. A4, A16 & A42 hybrids.   

Diameter and height measurements were recorded in the 17 and 10 year old stands 

by systematically measuring every 2nd tree, excluding edge trees, using a diameter 

tape and an inclinometer.  The branching habit of multi-stemmed trees made 

measurement of individual stems difficult, and only top heights were measured. The 

quadratic mean diameter method (see Table 5) of summing diameters was found to be 

accurate, and was used to calculate equivalent single stemmed basal area of multiple 

leader trees. Stem volumes were then calculated as for single stemmed trees.  

 Thinning in the 25 year old stand was conducted by removing every second tree 

from every second row, resulting in a systematic 25% thin.  The 30cm height was 

marked prior to felling, and subsequently used to obtain correct height measurements.   

Thirty six trees were obtained for the study in the order they were felled, and with no 

additional selection processes imposed. Heights and diameters (over bark) of the 

thinned trees were measured post felling using a tape measure and Diameter tape.   

Sample disks were removed from thinned trees at heights of 1.3m and 5.3m, and 

re-sawn to provide two outer and two inner-wood blocks of approximately 30mm x 

30mm.  Blocks from the centre of the disk were cut directly adjacent to the pith, 

whilst perimeter blocks were obtained from 3/4 of the distance from pith to bark.  No 
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sapwood banding was visible, but the medullary ray tissue was noticeably spongy 

when directly adjacent to the bark. This spongy tissue extended to a depth of around 

5mm, and was not included in the Basic Density samples 

Bark samples were obtained from the 1.3m and 5.3m disks, being removed with 

the aid of a chisel, and then being trimmed to retain only material with a complete 

cross section. Bark thickness was measured using a Vernier calliper on a cut surface 

prior to bark removal. 

Samples were weighed on an electronic balance to obtain green mass and volume 

(using the water displacement method (Ilic et al. 2000), (Bootle 1998)), and 

subsequently dried at 1030C in a wood drying oven until no further reduction in mass 

occurred (~3 days).  Samples were then re-weighed to obtain oven-dry mass.   

12.2.4 Modelling methodology 

Stem Volume was calculated using a combination of Newtons and Smalian’s 

formulae to the 5.3m mark, and assuming that the remainder of the stem followed a 

conical form after (West 2004).  The 0-0.3 sectional volume was calculated as a 

cylinder, with the short section length minimising the modelling error (Philip 1994). 

Bark volume was obtained by calculating the basal area of the bark as the 

difference between the over and under bark diameter measurements and calculating 

volume in the same way as stem volume.  Values for bark thickness between 

measurement points were extrapolated using separate linear functions for the lower 

and upper stem, and assuming that bark thickness was zero at the tip, in a manner 

similar to that proposed by Husch, Beers et al (2002).  

A Formula for estimating stem volume (over bark and under bark) as well as bark 

volume of the 25 year old stand was developed using multivariate regression of the 

form: exbxby  ...2211 . Factors were identified with a backwards elimination 

approach (Vanclay 1994), with elimination criteria being 1.0p .  Eliminated factors 

were reintroduced and re-eliminated where co-linearity was suspected. Regression 

analysis was calculated using MS Excel and the null hypotheses )( 0 yxH  was 

tested using the F and P statistics from the regression analysis table, subject to 

acceptable model evaluation as recommended in Vanclay (1994).  The over-bark 

volume model was then recalibrated against a sub-dataset, and validated against the 

remaining data.  The under-bark volume was not validated, as it followed the same 
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form as the over-bark model, and was based on modified over-bark measurements. 

The derived formula was then applied to survey results from two neighbouring stands 

to further validate the models.  

The default expansion factors for estimating stem and carbon volume are tabled in 

Table 5.  No Macadamia  specific expansion factors were found, and the AGO 

recommended default factors are therefore applied.  A factor of 0.5 is the generally 

accepted biomass to carbon conversion ratio in Australia (Gifford 2000; AGO 2002a), 

however this estimate is based on a limited suite of predominantly Eucalyptus species 

(Gifford 2000).  Fourteen random samples of wood and bark were submitted for 

LECO CNS2000 analysis by the Southern Cross University Environmental Analysis 

Laboratory.  The wood was not differentiated into sap and heartwood due to the 

absence of a visually distinct sapwood band. 

Mean and current annual increment rates of carbon sequestration were estimated 

using an MMF model of the form shown in Table 5, and the three age estimates of 

sequestration derived by this study. The MMF model was selected as the most 

appropriate model by applying Vanclay (2004)’s criteria of logic and simplicity to the 

ranked recommendations provided by the curve fitting software “Curve Expert’ 

(Hyams 2005) 

 

Table 5:  Summary of default formulae and factors used to estimate carbon sequestration (AGO 2002a) 

(Philip 1994)+hyams 2005 + ref[j1]. Default values are recognised as approximate values that require 

further study for macadamia species. 

Newton’s volume 

formula 
V = H x (d1^2 + 4 x dmid + d2^2) x (PI / 24) 

Smalian’s volume 

formula 
V = H x (S + s) / 2  

where S and s are big and small end cross sectional 

area respectively 

Quadratic Mean 

Diameter 
 nxQMD i /)( 2

 

MMF model   y=(a*b+c*x^d)/(b+x^d) 

Generic stem volume 

model 
 

Above ground 

expansion factor 
Above ground volume (m3) = 1.25 x stem volume 

Root to Shoot ratio Total volume (m3) = 1.25 x above ground volume 

Basic Density Biomass (t) = total volume x 0.5 t/m3 

Biomass to carbon C(t) = biomass x 0.5 

CO2 conversion factor CO2 (t) = C x 3.67 
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12.3 Results: Macadamia industry assessment 

12.3.1 Wood and bark carbon content 

The LECO carbon analysis showed that the macadamia wood was 46.3% carbon 

(+/- 0.28%), and the bark was 47.4% (+/- 0.46%) carbon.     

12.3.2 Basic Density 

Basic Density of the wood was 650 kg/m3 (+/- 4.78 kg/m3)α=0.05 at 1.3 m, and 668 

kg/m3 (+/- 5.56 kg/m3)α=0.05 at 5.3 m. One outlier lay above 800 kg/m3, and two lay 

below 400 kg/m3. These outliers were identified as measurement errors and removed 

from analysis. No significant difference was identified between the outer and inner 

wood samples of 1.3 m and 5.3 m disks using a paired T-Test.  A significant 

difference was identified between the pooled 1.3 m and 5.3 m samples however, with 

Basic Density increasing by 2.8% at the 5.3 m measurement point (approximately half 

way up the stem). The bark Basic Density was 533 kg/m3 and 531 kg/m3 for 1.3 m 

and 5.3 m samples, +/- 0.40 and 0.33 kg/m3 respectively.  A T Test found no 

significant difference between the Basic Density of the 1.3 and 5.3 m bark samples.  

The Basic Density data distributions are illustrated in Figure 30. 

 

Figure 30: Basic Density distribution of wood and bark samples from 1.3 m and 5.3 m. Error bars 

denote the data range, or 1.5 x the inter-quartile range, whichever is the lesser value. 

 

12.3.3 Stem volume 

The data ranges of over bark stem diameters are plotted in Figure 31.  Both 

outlying data points were assessed as valid according to Chauvenet’s criterion.  

Further assessment indicated that the 2.3 m outlier (Tree 22) appeared to be a 

legitimate data point, whilst the 1.3m outlier generated by Tree 27 was caused by a 
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measurement or transcription error (see Figure 32).  This data point has a high 

leverage in the regression and it was excluded from further analysis.  

Diameter & Taper: M. integrifolia var. 344
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Figure 31: Quadratic Mean Diameter (over bark) vs height for 25 year old Macadamia integrifolia var. 

344.  Outliers represent data lying more than 1.5 x the IQR from the 1st and 3rd quartiles. 
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Figure 32: Assessment of outliers generated by Trees 22 and 27 in Figure 31.  Tree 27 outlier appears to 

be caused by a measurement anomaly. 

 

The diameter and height distributions for the three surveyed stands are shown in 

Figure 33.  The increase in diameter of the 17 year old stand over the 25 year old 

stand was found to be significant (α=0.05), but its cause was not ascertained.  The 

mean stem height of the 25 year old M. integrifolia var. 344 stand was 10.2 m, +/- 

0.25 mα=0.05.  28% of sampled trees contained double leaders at 1.3m, and the average 

height difference of these leaders was 0.38 m, or 3.56% less than the top height.   

The nature of the crowns was such that the accurate measurement of multiple 

leaders on taller trees with an inclinometer was not possible.  Stem volume analysis 

was therefore based on top height. 
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Figure 33: Diameter and height distribution of sampled 10, 17 and 25 year old Macadamia stands.  

Error bars denote the maximum and minimum range, or 1.5 x the inter quartile range, whichever is the 

lesser value.  The 10 year old stand consisted of three different tetraphylla/integrifolia hybrids, whilst the 17 

& 25yo stands consisted of M. integrifolia var 344. 

 

12.3.3.1 Over Bark Volume: 25yo M. integrifolia 

Regression analysis found that Over Bark Volume was related to Diameter and 

height (Figure 34):  

1113647657.0008927399.0)(000386842.0 2  hobQSDBHy  

The combined regressors of DBH and top height returning an r2 adj value of 0.937, 

and individual coefficient significance levels are given in Table 6.   The Plot of the 

over bark volume regression is shown in Figure 34, with associated regression 

validation charts being shown in Figure 35.   

 

Table 6: Over Bark Volume Regression coefficients and values (MS Excel). α=0.05.  

Multiple R R2 Adj R2 Std Error Obs F Sig F 

0.969784319 0.940481626 0.936761728 0.017236866 35 252.8245497 2.4798E-20 

 Coefficients 
Standard 

Error t Stat P-value Lower 95% Upper 95% 

Intercept -0.113647657 0.041543189 -2.735650747 0.01006968 -0.198268365 -0.0290269 

QSDBH^2 0.000386842 2.02104E-05 19.14070415 4.37442E-19 0.000345675 0.00042801 

top height 0.008927399 0.004229135 2.11092776 0.042683373 0.000312932 0.01754187 
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Measured vs. predicted over bark volume
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Figure 34: plot of calculated over bark volume vs. predicted volume 

 

 

Figure 35: Regression component analysis for Figure 34 (over bark volume regression). 

 

12.3.3.2 Bark 

The average total crossection bark thickness of the 25 year old stand was 7.9 mm 

+/- 0.39 mmα=0.05. at 1.3 m, and 5.8 mm +/- 0.38 mmα=0.05. at 5.3 m (Figure 36).  The 

relative thickness of the bark increased from 4% of stem diameter at 1.3 m to 5.7% of 

stem diameter at 5.3 m.  
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Figure 36: Mean bark thickness (two sides) vs measurement height for 25 year old Macadamia 

integrifolia var 344. Bark thickness is assumed to equal zero at the average sampled tree height of 10.57m.  

The error bars delineate the inter-quartile range. 
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12.3.3.3 Under Bark Volume: 25yo M. integrifolia 

Under Bark Volume was also significantly related to Diameter and height by 

(Figure 37 and Figure 38):  

1178482.00003578.0)(0093005.0 2  hubQSDBHy  

Regression analysis of these coefficients returned an r2 value of 0.892 and a P 

significance value of 3.62E-16.  Individual coefficient significance levels are tabled in 

Table 7.    

 

Table 7: Under bark volume regression coefficients and values (MS Excel).   

Multiple R R2 Adj R2 Std Error Obs F Sig F 

0.9706859 0.9422311 0.9386205 0.0158032 35 260.96556 1.539E-20 

 Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 

Intercept -0.1178482 0.0380879 
-

3.0941087 
0.004079 -0.1954308 -0.0402656 

QSDBH^2 0.0093005 0.0038774 2.3986502 0.0224561 0.0014025 0.0171985 

top height 0.0003578 1.853E-05 19.311243 3.367E-19 0.0003201 0.0003956 
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Figure 37: Under bark volume vs. predicted volume regression 
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Figure 38: Regression component analysis for Figure 37 (under bark volume regression). 

 

12.3.3.4 Regression model evaluation 

The regression model was evaluated by recalibrating the over bark model to 20 

data points and fitting the revised model to the remaining 15 data points, as suggested 

in Vanclay (1994). The data set was split at n=20, with no sorting or selection criteria 

(Figure 39 and Figure 40). The mean of the 15 residuals was -0.0012, with σ = 

0.0174. The normal probability plot and histogram show that the smaller data set 

resulted in a poorer approximation of a normal distribution, however this error was 

not found to invalidate the model.  The revised model was found to fail completely in 

trees smaller than those measured, with ŷ = 0 when d = 10 cm and h = 4.8 m.  Stem 

volumes for the 10 year old stand were subsequently estimated using the formulae of 

cone and cylinder for above and below 1.3 m stem height. 
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Figure 39: Plot of recalibrated over-bark model showing fit of validation data. ncalibration = 20 and 

nvalidation = 15. 
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Figure 40: Residual analysis for validation of regression model.  15 data points were removed with the 

remaining dataset being re-analysed.  The residuals of the resulting model were assessed for normalcy, and 

fit to the remaining data.  No particular patterns are discernable, and the plots of distribution show that the 

data remains somewhat normally distributed.  In addition, the recalibrated model retains the ability to 

predict the validation sub-data set. 
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12.3.4 An estimate of the carbon sequestration rate of 

macadamia plantations 

The average tree volume for the three stands was calculated using the models and 

is given in Table 8.  Bark volume was calculated as being an average 8.58% of over 

bark stem volume.  The results are given in Table 8, and Table 9 summarises the 

conversion factors used to derive total CO2 per tree from bark volume and under bark 

stem volume.  An MMF model (Table 10) of Mean and Current Annual Increments is 

graphed in Figure 41.   

 

Table 8: Stem volume and total CO2 estimates for plantation Macadamia trees.  The 17 and 25 year old 

trees were M. integrifolia, whilst the 10 year old trees consisted of several M. tetraphylla hybrids.  The 

factors in Table 9 were used to derive total CO2.  The confidence range of the  

  

Volume (m3 /tree) 
CO2e 
/tree Over 

bark 
Under 
bark 

Bark 

10yo 
mean 0.0198 0.0181 0.0017 0.033705 

Confidence (95%) *** *** ***  

17yo 
mean 0.1625 0.1481 0.0143 0.276387 

Confidence (95%) 17.00% 17.37% 13.21%  

25yo 
mean 0.2020 0.1852 0.0167 0.343904 

Confidence (95%) 11.31% 11.48% 9.47%  

 

Table 9: summary of conversion factors used to convert stem volume to total CO2. 

 Wood Bark 

Above ground expansion factor 1.25 

root to shoot ratio 1.25 

Basic Density 0.65 0.533 

Carbon fraction 46.30% 47.40% 

CO2 conversion factor 3.67 

Combined Factor 1.72576 1.44874 

 

Table 10: MMF Model coefficients for estimating stem volume vs. age. 

MMF model:  y=(a*b+c*x^d)/(b+x^d) 

Coefficient  over bark under bark 

a = 0 0 

b = 47591923 31688386 

c = 73.55737 67.67044 

d = 6.70408 6.54456 
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Volume (over bark) and CO2 increment rates
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Figure 41: Stem volume (over bark) and CO2 increment rates.  The Current Annual Increment (CAI) is 

the estimated growth occurring in a given year, and the Mean Annual Increment (MAI) is the average 

growth rate to a given year.  Graph is derived from the MMF formula in Table 10.  

 

 

12.4  Discussion: Macadamia industry assessment 

 

Applying the sequestration vs. age estimate in Figure 41 to the post 1990 planting 

statistics from Figure 29 suggests that Australian Macadamia plantations will 

sequester around 51 thousand tonnes of CO2e in 2008/09 and 56 thousand tonnes in 

2010/11, assuming no new plantings.  This is equivalent to an average sequestration 

rate of 2.9 tonnes of CO2e/ha/yr, and is worth around $1.3 million per annum at a 

value of $25 tonne CO2e, or 2.2% of the estimated value of nut production in 2008. 

This is equivalent to 0.06% of the nationally required annual emissions reductions for 

the 2008-2012 period, and 8.3% of the projected emissions savings from the 

agricultural sector (AGO 2008).  The potential for converting this sequestration into 

carbon credits may be limited however, with fewer than 10% of growers holding 

plantations of more than 10,000 trees.  The prevalence of smaller operators within the 
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industry is likely to increase compliance and management costs when compared to 

medium to large-scale forestry type sequestration projects. 

A potential cash value of $1.3 million pa at the industry level also compares poorly 

to the total industry value, representing a maximum potential increase in the farm gate 

nut price of $0.034/t NIS (Nut in Shell).  The real economic value of the sequestration 

is likely to lie in the ability to assist market positioning of macadamia produce.  The 

market price of macadamia nuts has dropped due to a current global oversupply. The 

ability to demonstrate good environmental credentials may assist Australian nuts to 

compete on quality and desirability.   

 

A search of the literature indicates that further research into expansion factors for 

carbon sequestration modelling for Macadamia spp. is required.  Macadamia spp are 

known to have a large network of fine surface roots, accompanied by a proteoid root 

structure, and a shallow taproot on grafted species (Firth et al. 2003).  Keith et al. 

(2000) note that massive variation in root to shoot ratios may occur, but did not 

identify any previous research into appropriate values for either the proteaceae family 

as a whole, or any of the Macadamia species in particular.  Significant errors may 

therefore be introduced by estimating sequestration with default root to shoot ratios. 

 

The Basic Density value obtained by this study was significantly lower than was 

identified in the literature, and was obtained from a single location. The quality of the 

literature estimate is doubtful, and as it was not possible to identify how this estimate 

was derived, it was not incorporated in this analysis.  The estimates of carbon content 

for both wood and bark were both within 3% of the recommended default value of 

50%.  Testing was only conducted on a single variety of a single age however, and 

further testing for both values may still be warranted.  

 

  

12.5 Conclusions: Macadamia industry assessment 

The Australian agricultural industry is likely to come under increasing scrutiny for 

its carbon emissions in the post 2010 and post 2015 carbon trading environments. 

Current government policy prevents the trading of carbon from agricultural activities 

until at least 2015, but the placement of the horticulture industry at the crossover 
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between agriculture and forestry provides a unique opportunity for the carbon value in 

agricultural produce to be recognised. 

 

This estimate of sequestration appears to be the first instance of a horticultural 

industry in Australia acting to capture the potential value of the sequestration it 

generates.  This is worth around $1.3 million annually if valued at estimated market 

prices, or 2.2% of the value of the 2007 crop.   

 

It is recognized that these values are a preliminary estimation and a based upon a 

number of assumptions. Key assumptions include: 

• Default expansion factors are used.  These are expected to cause a degree of error 

due to their non-species specific nature, and are likely to benefit from further 

research. 

• No research into variability of growth and form of hybrids was identified. Research 

into varietal variation is indicated. 

• No research into variation in growth, form, or management across the growing 

range was identified. Research into management and regional variability is 

warranted. 
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13 Tying it all together 

13.1 Introduction 

This thesis has arisen from the need to use the body of knowledge associated with 

the fields of forestry and climate research to develop a carbon sequestration project 

management system.  The accreditation gained is unique in being one of the first in 

the world to be granted for a sustainable forestry model, and has been designed as a 

set of templates which can be adapted to cover forestry, agro-forestry and 

environmental planting systems. 

 

The examination of the Australian macadamia industry as a candidate for an 

accreditation is also significant, as it appears to be the first time that the timber and 

growth characteristics of Macadamia spp. have been assessed.  This process required 

the application of forestry research techniques in the horticulture industry, and has 

resulted in the first approximation of a growth and sequestration formula for 

Macadamia spp. to be published anywhere. 

 

13.2 The Significance of carbon sequestration and the NSW 

scheme 

The NSW scheme is a test case for carbon sequestration in Australia. It has 

provided the world’s first mandatory trading scheme, and contains the first fully 

functional carbon sequestration component.  This is a major achievement.   

 

Even though carbon sequestration in forestry is not necessarily permanent (Kim et 

al. 2007), it can provide two benefits that will outlast the 100 year sequestration 

commitment.   

The first benefit is it will aid the transition to a low emission economy.  

Sequestration helps to fill the initial shortfall in carbon credits created by a well 

designed scheme, and allows time for carbon efficient energy technologies to be 

developed.  The cost imposed on emissions has the potential to increase spending on 

low emission technology development, although it may take a number of years for 
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some developments to be fully commercialised. This is likely to result in a gradual 

reduction in demand for abatement style credits (in the absence of increased targets). 

The second benefit is the financial boost that sequestration credits can provide to 

the Plantations 2020 Vision (Thompson 2008 p15), and to vegetation management in 

general.  A single sequestration project can only guarantee abatement for 100 years, 

but a vibrant and sustainable timber economy can ensure that forestry is a preferred 

land use well into the future.   

The scheme itself is most significant as Australia’s first broad scale emissions 

trading scheme, and points the way forward for increased emissions cuts driven by an 

even broader penalty based scheme.  The need for such a scheme is evident in Figure 

19 and Figure 20 (pp35-36), with the lack of significant success at driving voluntary 

emissions reductions at both state and national levels demonstrating that any further 

reductions will require some form of additional regulatory framework. 

13.3 Strengths and weaknesses of the NSW Scheme 

The NSW scheme is modelled after a baseline and credit system, and this style of 

system is widely considered to be the less efficient of the two available models 

(Buckley 2004; MacGill et al. 2005).  Baseline and credit schemes are generally more 

flexible, but are also more costly to regulate. 

13.3.1  ‘Early Action’ vs. Additionality 

Direct experience has shown that there is no mechanism within, or attempt made 

by, the NSW scheme to implement any form of additionality test for sequestration 

projects.  This means that it is technically possible to chop down a forest, place the 

logs in an accredited stand, survey the carbon, and generate NGACs from it.  This 

outcome is certainly not the intent of the scheme, nor is it likely to inspire a desire to 

purchase sequestration based credits preferentially. It does confirm the point raised by 

the CEEM authors (MacGill et al. 2005 etc.), than despite The NSW Minister for 

Energy’s assertions to the contrary (NSW 2007), the scheme does not seek to identify 

and exclude business as usual abatements.  It is therefore likely that at least some of 

the abatements would have occurred anyway and that the benefits of the scheme are 

less than stated.  This may affect the ability to link NSW GGAS projects into other 

trading schemes.  
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13.3.2 The 70% rule 

The 70% rule financially penalises poor survey design or small datasets without 

directly controlling and regulating the processes.  If data has a small standard 

deviation, the 30th percentile value will be close to the mean value, and the amount of 

‘lost’ carbon will be small. If however the standard deviation is large, the 30th 

percentile value will be significantly less than the mean value.  The ability to increase 

the amount of saleable carbon by reducing the standard deviation of the survey data 

results creates a direct economic incentive to conduct well designed and rigorous 

sequestration surveys. This is achieved without imposing additional penalties on 

sequestration producers or management costs on the scheme administrator. 

The NSW GGAS appears to be the only carbon trading scheme to have 

implemented such a rule. 

 

13.4 Scheme context 

13.4.1 The national picture 

The Australian carbon trading environment has been affected by lack of 

coordination (AETF 2004), with many businesses calling for greater investment 

certainty (Carlisle 2005; Huetson 2005).  NSW was the first the state to provide an 

industry wide carbon penalty, but the relatively short term nature of the scheme meant 

that major infrastructural investment remained on hold (Carlisle 2005).  The proposed 

introduction of the CPRS, and its absorption of the NSW scheme may change this.   

 

13.4.2 Australia’s place in the world 

Countries who have ratified the Kyoto protocol had, on average, emitted more than 

double their emissions reduction targets according to 2002 data (Schneider and Fox 

2005; UNFCCC nd-b).  Despite this, Australia still claims to be on track to meeting 

its target (AGO 2005c; UNFCCC nd-b), and according to the data shown in Figure 

19, this may be so. 

The Australian official position on the Kyoto Protocol up until 2007 may be 

summed up as: “It’s too expensive, it won’t do any good, and we won’t ratify, but 

we’ll do it anyway”.  Australia’s official position changed following a change of 
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government in 2007, with the first act of the new government being to ratify the 

protocol.   

13.4.3 Linking the NSW Scheme to other markets 

The NSW Greenhouse Gas Reduction Scheme legislation has already established 

that the scheme administrator it is to hand over its powers to the administrator of a 

national trading scheme when it becomes appropriate to do so.  The only identified 

impediment to this process is the potential for conflict that may arise from the lack of 

additionality clause.  The additionality of abatements is a very strong focus in the 

Kyoto markets, and it is difficult to see how these markets would accept credits that 

do not represent real abatements, or how they would link to another scheme that has 

absorbed or accepted them. 

13.5 The Significance of AFC’s accreditation under the NSW 

scheme 

The Australian Forest Corporation is the first private organisation in Australia, and 

possibly the world to be licensed to generate carbon credits from forestry based 

projects.  The framework under which the application was developed was designed to 

provide a template for future applications of both harvested and unharvested stands.  

The pilot project consisted of an unharvested stand, and the success of the application 

stands as evidence that the template is acceptable to the scheme administrator for this 

style of project.   

 One of the basic strengths of the accreditation is that it is relatively 

unsophisticated, but established a framework for adaptive management.  This means 

that the accreditation could be implemented at relatively low cost for the pilot stand, 

but may evolve as the estate grows in size and complexity.  This system relies on a 

site monitoring process to identify and respond to local events, and requires as a 

condition of accreditation that appropriate management strategies be identified and 

implemented as time passes.  This has the additional benefit of growing the 

knowledge base within the scheme administrator in incremental steps.  

The requirements set by the scheme administrator appeared to be based on 

establishing management systems, and did not include any mention of forest 

management systems or standards.  The framework given does permit the 

implementation of sustainable forest management systems, but did not assess the 
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application against any known forestry standard.  Whilst this may have been beyond 

the knowledge and experience of the Scheme Administrator, it does leave open the 

possibility that an accreditation model may be approved that is likely to fail at the 

local level.  The adaptive management strategy mentioned in the previous chapter is 

intended to manage this risk in the submitted accreditation, but it remains a potential 

point of weakness for the scheme overall. 

 

13.6 The investigation of sequestration opportunities in the 

Australian Macadamia Industry 

The investigation of sequestration rates in macadamia plantations was conducted in 

order to assess the industry as a candidate for a joint sequestration accreditation.  The 

study estimated that a macadamia stand is capable of sequestering approximately 2.9 

tonnes of CO2e per hectare per year.  This is quite low when compared with 

sequestration rates possible in commercial forestry (over 20 t CO2e/ha/yr) , but seems 

reasonable when it is considered that macadamia trees put much of their energy into 

producing a nut crop.  The study also found that only a small proportion of 

macadamia growers owned plantations of more than a few tens of hectares.  This 

would mean that it is necessary to build a consortium of growers if a sequestration 

project is to be developed for macadamia plantations. 

The sequestration component of nut shell was not assessed in this study.  It is 

thought that the density and carbon content of the shell material be a worthwhile point 

of further study.  
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14 Conclusion 

14.1 Goals achieved 

This program of research began with the aim of investigating the requirements of 

an appropriate management system for implementing and managing an accreditation 

under the NSW Greenhouse Gas Reduction Scheme.  The system developed resulted 

in the Australian Forest Corporation being accredited to generate carbon credits from 

a mixed rainforest species plantation.  In addition, unofficial advice from the scheme 

administrator suggests that this system is sufficiently adaptable and scaleable to 

manage a full commercial forestry accreditation with the addition of activity specific 

risk management procedures.  This accreditation has established the Australian Forest 

Corporation as the first party accredited under the scheme working with private 

commercial forestry and joint accreditation projects. 

14.2 The Accreditation 

The most important components of the submitted application are the information 

and risk management systems.  The creation of a successful carbon sequestration 

industry will depend on the ability of a participant to act confidently with regard to its 

commercial risk exposure.  This dictates a requirement for the ongoing development 

of clear risk identification, management and communication strategies. 

14.2.1 Information management 

Successful implementation of the information management systems will allow 

tracking of carbon across individual stands for the full 100 year abatement period.  

This has demonstrated to the scheme administrator that AFC is capable of complying 

with the current 100 year rule, and that compliance can be monitored easily. 

14.2.2 Risk management 

The current risk management components are applicable to a small estate, such as 

the one that was accredited.  Verbal feedback from the scheme administrator has 

indicated that the risk management framework is suitable for managing risk in larger 
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forestry estates, subject to component expansion to provide more surety against the 

risks caused by an uncertain future.   

14.3 Opportunities in the Macadamia industry 

The examination of sequestration rates in the macadamia industry is a part of this 

ongoing process.  This investigation identified sequestration rates within the industry 

with sufficient accuracy to identify and assess options.  The estimated sequestration 

rate of 2.9 credits per hectare per year is thought to be too low to encourage many of 

the smaller growers to opt into the scheme, although there may still be some scope to 

develop a pooled accreditation.  The main value of sequestration for the industry is 

likely to be in branding and market positioning opportunities however. 

 

14.4 Ongoing development of opportunities 

The Australian Forest Corporation is currently pursuing a number of development 

strategies, including automation of information handling, and estate expansion.  The 

success of these strategies will require the expansion and development of the systems 

described herein, and will form the ultimate measure of the success of the systems 

defined and developed by this thesis. 
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