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Executive Summary 

This progress brief has been prepared for the NSW Department of Primary Industries by the 
project team based at the University of New South Wales (UNSW) and the University of 
Technology Sydney (UTS) to address the following two information needs: 

● A review of all tools/frameworks/approaches to assess environmental co-benefits e.g. 
land degradation, biodiversity (directly or indirectly e.g. habitat quality) and trends in 
resource condition (ground cover, erosion) as well as approaches to assess farm-scale 
carbon neutral primary industries products. 

● A review of global mechanisms for entering into carbon farming, environmental 
services markets, what are the currently accepted best practices, including an 
evaluation of their application to Australian context. 

In this report, we identify various co-benefits and ecosystem services that may be associated 
with carbon farming and explore market mechanisms, tools and metrics that can be used to 
measure, value and incentivise the delivery of these co-benefits. Firstly, we provide a rapid 
overview of the carbon markets context internationally and in Australia, with a particular focus 
on the role played by carbon farming practices such as human induced regeneration, 
environmental plantings and avoided deforestation. Secondly, we describe the different co-
benefits associated with carbon farming practices, particularly habitat for biodiversity, soil and 
water protection and cultural services. Thirdly, we review the different market mechanisms 
that currently exist for the co-benefits of carbon farming internationally and in Australia, 
including programs that ‘bundle’ these co-benefits alongside carbon sequestration and those 
that involve separate markets for different ecosystem services. 

The final section of the report considers the implications of Australian and international studies 
into carbon farming co-benefits and experiences with markets for ecosystem services for the 
Australian carbon farming context. A key conclusion from this review is that the selection of 
appropriate tools and metrics depends on the aims of policymakers and the purposes for which 
they are employing these tools. Three key purposes discussed in the final section of the report 
(and matched to appropriate tools and metrics) are: 

• Decision support for landholders: Providing guidance on how to manage carbon 
farming to maximise the co-benefits valued by landholders or to enable landholders to 
participate in existing market-based schemes 

• Development of new market-based schemes (or adaptation of existing schemes): 
This requires careful consideration of whether to bundle ecosystem services together 
(e.g. through multifunctional indices), whether to prioritise certain areas, how to 
structure payments (e.g. flat or differentiated), and whether to use input-based or 
outcome-based payment metrics. 

• Enhancing scientific understanding of co-benefits: This may involve measurement 
of actual on-ground outcomes for biodiversity, soil health or cultural benefits in order 
to verify that carbon farming policy is achieving the co-benefits that have been 
theorised in recent academic studies or to improve understanding of the relationships 
between indirect indicators (e.g. from satellite data) and on-ground outcomes for 
biodiversity or soil health. 
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1. Introduction 

Markets to sell and buy carbon emissions have gained momentum worldwide since 1992 when 
the United Nations Framework Convention on Climate Change designated carbon markets as 
one of its main policy instruments to mitigate anthropogenic climate change. Australia has 
committed to a 26-28% reduction on 2005 emissions levels by 2030 and has seen substantial 
policy development around carbon markets over the past decade, including government 
purchases, compliance-based and voluntary approaches.  

The primary market mechanism for trading carbon from sequestration projects in Australia is 
the Emissions Reduction Fund (ERF), which began in 2014. This emerged from the 
Liberal/National government’s repeal of the Clean Energy Act 2011, which had previously 
aimed to deliver a cap-and-trade scheme but was repealed before it had passed its initial fixed-
price (or ‘carbon tax’) phase. Participation in the ERF is voluntary and it operates according to 
a baseline and credit model, whereby emitters can earn credits by reducing emissions below a 
baseline level and landholders can earn credits by sequestering carbon above a baseline level 
of carbon stored in the vegetation on their land. The ERF has a single buyer (the Australian 
Government) and prices are determined through regular auctions of Australian carbon credit 
units (ACCUs), which are awarded to bidders willing to provide abatement at the lowest cost. 

While the ERF focuses on a diversity of sectors such as energy efficiency, facilities, mining, 
oil and gas, waste, waste water and agriculture, 70% of the projects to date (195 of 279) relate 
to vegetation management. Different methodologies relating to vegetation management have 
been developed, such as avoided deforestation, human induced regeneration and environmental 
plantings. In this report, we refer to these vegetation management practices as ‘carbon 

farming’. 

Carbon farming has the potential to not only enhance carbon sequestration but to also create 
synergies with the provision of other ecosystem services (Berkessy & Wintle 2008; Bryan et 
al. 2014). Ecosystem services include regulating services such as climate regulation and water 
purification, supporting services such as soil formation and habitat provision, provisioning 
services such as food and fuel supply, and cultural services such as aesthetic value and spiritual 
connection (Millennium Ecosystem Assessment 2003). Practices that increase carbon may be 
linked to specific co-benefits such as soil formation, nutrient buffering and increased yields of 
food or other products (Figure 2). In this review, we regard climate regulation as the primary 
objective of carbon farming and discuss the delivery of other ecosystem services as ‘co-
benefits’. 

The ERF does not specifically account for, or place an economic value on, the co-benefits of 
carbon farming. However, some of the ERF methodologies acknowledge and promote these 
co-benefits, such as the guidance on human-induced forest regeneration that highlights 
‘additional benefits’ such as ‘improved quality of your land and water supply, increased 
biodiversity and shade and shelter for stock’ (Clean Energy Regulator, 2018). Carbon trading 
entities elsewhere in the world have also acknowledged the importance of taking environmental 
and social co-benefits into account (Kollmuss et al. 2008; Net Balance Foundation 2013). 
Conversely, other researchers have highlighted risks, including that some forms of carbon 
farming may involve trade-offs between carbon storage and other ecosystem services such as 
habitat for biodiversity, particularly where carbon farming involves monocultural plantations 
(e.g. Lindenmayer, Hulvey, et al. 2012).  
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Figure 1: Categories of ecosystem services and their contribution to human well-being 
(Millennium Ecosystem Assessment 2003, p. 57). 

 

 

Figure 2: Ecosystem services provided by soil organic carbon at local scale (blue boxes) and 
landscape level (green). After: van Noordwijk et al (2014) 
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The most widespread carbon farming methodology employed under the ERF to date is human-
induced regeneration (HIR), also referred to as assisted natural regeneration (e.g. Evans, 2018). 
This involves natural regrowth of trees and shrubs that is facilitated through management of 
grazing and other practices and is concentrated in the rangelands of NW NSW and SW 
Queensland (Evans 2018). This approach has been identified as more likely to provide diverse 
ecosystems than direct tree planting, with this diversity linked to enhanced ecosystem resilience 
in relation to weeds, pests, fire and drought (Evans 2015; Lindenmayer, Hulvey, et al. 2012). 
However, while a range of potential co-benefits from HIR have been identified, including 
biodiversity protection, improved soil, shade for livestock and the enabling of traditional 
cultural practices, Evans (2018) emphasises the challenges in measuring such outcomes, noting  
an inability to derive accurate estimates of even the total area of native forest being restored, 
let alone quantifying the co-benefits being delivered across these areas. 

In this report, we review the main co-benefits that are likely to result from carbon farming in 
western NSW, as well as the potential market mechanisms that could be used to value and 
incentivise these co-benefits. Through this, we identify a range of  tools and metrics that could 
be used to quantify and incentivise the delivery of co-benefits. Section 2 provides a more 
detailed overview of carbon markets internationally and in Australia before co-benefits are 
reviewed systematically in Section 3. Section 4 provides an overview of international and 
Australian markets for trading ecosystem services, including their relevance to carbon farming 
in NSW. Section 5 presents an overview of the various ways that the tools and metrics 
identified in previous co-benefit studies and market-based schemes could be applied to the 
promotion and measurement of carbon farming co-benefits in the Australian context. 

 

2. Carbon markets 

2.1. Carbon markets: international context 

Carbon markets are a central tenet of climate change policy at the international scale. The 
discussion on the need to tackle climate change in the international arena started in 1987 when 
a report acknowledging global warming (‘Our Common Future’) was published by the UN 

World Commission on Environment and Development (Calel 2011). In the following year, a 
hot summer triggering crop failure in the United States of America (USA) sparked again the 
conversation on global warming and a world conference on climate change was organised, 
where the need to reduce emissions by 20% by 2005 was established (Calel 2011; 2013). This 
led to the creation of the IPCC (Intergovernmental Panel on Climate Change) and the 
subsequent establishment of the Framework Convention on Climate Change (UNFCCC) at the 
1992 Earth Summit in Rio de Janeiro (Energetics 2017). In this context, economists started to 
develop the idea of designing and implementing international markets to trade greenhouse 
gases, with the UNFCCC launching its first voluntary pilot market called Activities 
Implemented Jointly in 1995 in order to determine how a market would work (Calel 2011, 
2013).  

In 1997, the Kyoto Protocol established a global carbon market where Annex 1 (developed 
countries) could buy offsets from developing countries through the Clean Development 
Mechanism, or from economies in transition through Joint Implementation (Calel 2011; 
Energetics 2017). The market mechanism developed in Kyoto became operational in 2005, and 
the largest compliance market to date, the EU Emission Trading Scheme commenced that same 
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year (Calel 2011). In 2012, at the 18th Conference of the Parties to the UNFCCC in Doha, 
governments agreed that a new agreement was needed, and in 2015 the Paris Agreement was 
established, which set new targets for global emissions reductions and reiterated the role of 
carbon markets in reaching those targets (Energetics 2017). 

Since their conceptualisation in the 1990s, carbon markets have proliferated around the world, 
and have been implemented at various geographical scales. The EU Emission Trading Scheme 
is one of the only transnational markets. NSW was one of the first jurisdictions to develop a 
carbon trading scheme with its Greenhouse Gas Abatement Scheme (GGAS) that was 
subsequently overtaken by national schemes (the Carbon Pricing Scheme and then the 
Emissions Reduction Fund). Other countries also developed markets at the state or province 
level, such as New Zealand, the United States of America, Canada, Japan and South Korea 
(Energetics 2017). In 2017, 19 carbon market mechanisms existed, four were in progress and 
11 under consideration (Energetics 2017). Those markets have taken various shapes and forms, 
but overall, two types of markets can be identified: cap and trade markets and baseline and 
credit (or project-based) markets (Kollmuss et al. 2008).  In a cap and trade system, specific 
caps are established which aim to bring emissions down. Participants may be required to 
purchase all emissions permits in the market or may be allocated a certain number of permits 
for free based on their historical emissions (a ‘grandfathering’ approach). The goal of this 
mechanism is to encourage emission reduction cost-effectively through a competitive market 
whereby multiple buyers of emissions permits trade with multiple sellers (Kollmuss, Zink & 
Polycarp 2008).  

A baseline and credit system works quite differently to cap and trade. An entity can develop a 
project that generates credits, either by reducing emissions below a set baseline or sequestering 
carbon above a baseline. The types of projects that are eligible will vary from system to system. 
To be eligible, a project needs to ensure ‘additionality’, which means that the emission 

reduction provided by the project would not have happened in a business as usual scenario. 
Depending on the nature of the scheme, entities that have generated credits may be able to sell 
them through three main pathways: 

1. Direct government purchases: Governments may directly purchase credits from 
sellers, either through a fixed-price mechanism or an auction-based approach that seeks 
to obtain lowest-cost abatement (as happens in Australia’s ERF). 

2. Compliance markets: Entities that are required to comply with regulations regarding 
greenhouse gas emissions (e.g. a cap or emissions-intensity benchmark) can buy credits 
in order to offset their own emissions and therefore comply with regulations. 

3. Voluntary markets: Entities that voluntarily elect to purchase credits to become 
carbon neutral or to assist with mitigating climate change. 

A key distinction in the carbon market landscape is between the compliance market and the 
voluntary market. Compliance markets are markets made mandatory by regulations at the 
international, national or regional scale (Kollmuss et al. 2008). They generally involve some 
form of cap and trade, whereby entities are limited in the greenhouse gases they can emit 
without buying additional permits or credits. At the international level the 1997 Kyoto Protocol 
created opportunities for compliance markets to be established through the binding 
commitments made by Annex I Parties and the key flexibility mechanisms of emissions trading 
within national or multi-national blocs, the Clean Development Mechanism (CDM) between 
developed and developing countries and Joint Implementation between industrialised countries 
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and economies in transition. More recently, the Paris Agreement targets for emissions 
reductions have fed into emissions caps set at national or regional scales. 

The Clean Energy Futures scheme that existed in Australia from 2011 to 2014 was an example 
of a national compliance market, whereby certain emitters were required to hold emissions 
permits or offset credits covering their emissions. The EU Emissions Trading Scheme is an 
example of a multi-national compliance market. At the regional level, the Regional Greenhouse 
Gas Initiative has been established in the United States of America, while China has developed 
seven regional Emission Trading Scheme pilots. Some baseline and credit schemes are directly 
connected to compliance markets, like the Clean Development Mechanism and the Joint 
Implementation, which are linked to the Kyoto protocol and the EU Emissions Trading 
Scheme.  

Voluntary markets differ from compliance markets in that the purchasers of carbon credits are 
not compelled to hold them through government regulation. Instead, various entities and 
individuals may elect to voluntarily purchase carbon credits to offset some or all of the 
emissions associated with their activities (i.e. their ‘carbon footprint’). Due to the lack of direct 
government involvement, such markets can face issues around credibility of carbon credits, 
(e.g. whether they comply with UNFCCC rules on additionality or permanence).  Conversely, 
some purchasers of voluntary credits may wish to go beyond UNFCCC rules and contribute to 
outcomes such as social benefits and environmental benefits beyond climate change, which has 
led to the creation of various standards and certification schemes for voluntary carbon credits 
(Kollmuss et al. 2008). Prominent schemes include Gold Standard, Verified Carbon Standard, 
CCBA (Climate, Community and Biodiversity Alliance), SocialCarbon and Plan Vivo. These 
schemes are discussed further in section 2.3 and systematically reviewed in section 4. 

 

2.2. Government purchases and compliance markets in the Australian context 

In Australia, climate change policy has been a highly sensitive political matter. NSW was the 
first jurisdiction in Australia to develop a carbon trading scheme with its Greenhouse Gas 
Abatement Scheme (GGAS), which included a provision for trading the carbon sequestered in 
tree plantings At the national level, the Howard government dedicated a $555 million package 
to better understand and monitor greenhouse gas emissions and established a Mandatory 
Renewable Energy Target scheme to encourage the development or renewable energy, it did 
not ratify the Kyoto protocol and rejected the creation of an Emissions Trading Scheme until 
2006, when bipartisan support for a domestic emissions trading system emerged (Crabb 2018). 
In December 2007, the incoming Labor government ratified the Kyoto Protocol and announced 
the creation of the Carbon Pollution Reduction Scheme or CPRS (Baumber 2017b). Bipartisan 
support for emissions trading ended with the election of Tony Abbott as leader of the Liberal 
party, but the Gillard Labor government was able to gain support from The Greens to legislate 
for a modified Carbon Pricing Scheme to start on 1 July 2011.   

A change back to a Liberal/National government in 2013 saw the Carbon Pricing Scheme 
repealed and the implementation of a Direct Action Plan, which started in 2014 (Baumber 
2017b; Crabb 2018). Contrary to the Carbon Pricing Scheme, which was a compliance market 
based on a cap and trade mechanism, the Direct Action Plan, with the Emissions Reduction 
Fund as its centrepiece, is a voluntary baseline and credit mechanism funded by the 
Government through an auction process (Climate Change Authority 2014). If a project bid is 
accepted for the ERF, proponents are paid by the government to reduce emissions or sequester 
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carbon. The Fund applies to a diversity of sectors across the economy through a range of 
projects: energy efficiency, cleaning up power stations, reafforestation and revegetation and/or 
improvement of soil carbon.  

The Carbon Farming Initiative (CFI) began under the Carbon Pricing Scheme as a baseline and 
credit system that complemented the scheme’s cap and trade approach. Entities such as 

electricity generators could buy credits created through the CFI to offset their emissions. Once 
the Carbon Pricing Scheme was repealed in 2014, the CFI was incorporated into the Emission 
Reduction Fund (Climate Change Authority 2014), with carbon credits able to be sold to the 
government via the ERF auction rather than to entities wanting to offset their emissions. When 
it was created in 2011, the CFI was only applicable to sectors that were not covered by the 
Carbon Pricing Scheme, such as agriculture, legacy waste, land use, land use change and 
forestry (Climate Change Authority 2014). Once the CFI was incorporated into the ERF, its 
methodologies formed the basis of the agriculture and vegetation management categories of 
the ERF, with new ERF methods created around the categories of energy efficiency, facilities, 
transport, mining, oil and gas, and waste and wastewater. 

To be eligible for the ERF, a project must: 

• not have begun to be implemented before it has been registered with the Clean Energy 
Regulator; 

• not be required to be carried out by or under a Commonwealth, State or Territory law; 
and 

• not be likely to be carried out under another Commonwealth, state or territory 
government program in the absence of registration under the Emissions Reduction 
Fund.  

Together, these conditions ensure that the abatement from an ERF project is genuine and 
additional (i.e. not likely to occur in the ordinary course of events). To ensure that credits are 
only awarded to activities that result in emissions reductions (or sequestration) that is additional 
to baseline activities, methodologies have been developed to quantify the abatement from 
specific emission reduction or sequestration activities. As explained in the introduction, the 
key ERF category that relates to carbon farming is vegetation management. Table 1 
summarises the main carbon farming methods under the ERF’s vegetation management 
category, including human-induced regeneration, avoided deforestation, avoided clearing and 
reforestation by environmental or mallee plantings (Department of Environment and Energy 
2018a; 2018b; 2018c; 2018d), as well as increasing soil carbon through grazing management 
and savanna burning, which are not classified as vegetation methods under the ERF but are 
often considered to be forms of carbon farming (e.g. Moran-Ordonez et al. 2017; Carbon 
Farmers of Australia 2019). 

 

Table 1: Key methods of the ERF relating to carbon farming, including eligibility 
conditions, land management and monitoring requirements. 
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Method Eligibility conditions and 
measurement  

Land management requirements 

Human 
induced 
regeneration 
(HIR) 

Land needs to have been 
cleared of native vegetation 
and regrowth suppressed for 
at least  ten years. 

Australian carbon credit 
units (ACCUs) are earned 
when carbon stock is 
increased as a result of the 
project activities. The 
carbon stock change is 
calculated using the Full 
Carbon Accounting Model 
(FullCAM) tool. The area 
must be a minimum of 
0.2ha. 

Additional benefits of 
running a human-induced 
regeneration project may 
include improved quality of 
the land and water supply, 
increased biodiversity and 
shade and shelter for stock. 

 

Storage of carbon by regenerating native 
forests using one of five activities: 

i. Excluding livestock and taking 
reasonable steps to keep livestock 
excluded  

ii. Managing the timing and extend 
of grazing  

iii. Managing feral animals in a 
humane manner 

iv. Managing plants that are not 
native to the project areas  

v. Implementing a decision to cease 
mechanical or chemical 
destruction or suppression of 
native regrowth  

Chemical or mechanical destruction of native 
species is forbidden except if it improves the 
growth/health of vegetation. The use of lime 
or fertiliser is not permitted. 

There is a 'permanence obligation' which 
means the sequestration must be maintained 
for the nominated permanence period (either 
25 or 100 years). 

(https://www.legislation.gov.au/Details/F201
5C00576, viewed 28 February 2019) 

http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Permanence-obligations
https://www.legislation.gov.au/Details/F2015C00576
https://www.legislation.gov.au/Details/F2015C00576
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Method Eligibility conditions and 
measurement  

Land management requirements 

Avoided 
deforestation
(AD) 

Project area must be located 
in Australia or territories;  

Land needs to have forest 
cover at the time of 
application, and a clearing 
consent must have been 
issued authorising the 
permanent conversion of 
forest to cropland or 
grassland (before 1 July 
2010) 

The forest's carbon stock is 
calculated by collecting and 
analysing tree samples from 
different parts of the forest. 
Using a series of 
mathematical equations, the 
data from the sample trees 
are used to estimate the 
amount of carbon stored in 
all the eligible areas of the 
forest. The net amount of 
abatement during a project's 
reporting period is 
determined by subtracting 
any actual emissions due to 
fires and fuel use from the 
theoretical emissions that 
would have been caused if 
clearing had occurred. 

Native forest that would be otherwise cleared 
for crops or grassland is protected. This helps 
to reduce GHG emissions  

The forest must be managed to retain forest 
cover and achieve a mix (composition and 
structure) of trees, shrubs and understorey 
plants that occur naturally in the project 
areas. 

The person responsible for the project must 
not have a license or permit to remove wood 
from the forest for commercial purposes or 
firewood.  

Up to five per cent of wood can be collected 
for personal uses such as fencing or 
household firewood. 

Permanence obligation as with HIR (either 25 
or 100 years). 

(http://www.cleanenergyregulator.gov.au/ER
F/Choosing-a-project-type/Opportunities-for-
the-land-sector/Vegetation-methods/Native-
forest-protection-(avoided-
deforestation)#Eligibility%20requirements, 
viewed 28 February). 

 

Avoided 
clearing of 
native 
regrowth 
(AC) 

Land needs to have native 
forest cover, be uniformly 
covered in trees, and have a 
permit for unrestricted 
clearing. At least two 
clearing events must have 
occurred on the land and the 
land must have been used 
for grazing or cropping after 
these clearing events. Land 
must not be used for 
plantations or environmental 
plantings. 

Biomass must not be removed (10% of fallen 
timber can be harvested each year for 
personal use), native cover must be 
maintained, thinning may be used for 
ecological purposes if it does not reduce 
carbon stocks, and fertilisers cannot be used. 

http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Permanence-obligations
http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods/Native-forest-protection-(avoided-deforestation)#Eligibility%20requirements
http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods/Native-forest-protection-(avoided-deforestation)#Eligibility%20requirements
http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods/Native-forest-protection-(avoided-deforestation)#Eligibility%20requirements
http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods/Native-forest-protection-(avoided-deforestation)#Eligibility%20requirements
http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Vegetation-methods/Native-forest-protection-(avoided-deforestation)#Eligibility%20requirements
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Method Eligibility conditions and 
measurement  

Land management requirements 

Reforestation 
by environm-
ental or 
mallee 
plantings 

The land needs to have been 
cleared of forest at least five 
years before the application, 
it must not contain woody 
biomass or invasive native 
scrubs species that need 
clearing before planting 
(except the clearing of these 
species is required or 
authorised by the law).  

Mallee plantings are eligible 
if they use mallee eucalypt 
species, are 2 rows wide 
(minimum) and in areas with 
<600mm rainfall. 

The carbon stock change in 
the project's trees, shrubs 
and debris (dead plant 
material) is calculated using 
the Full Carbon Accounting 
Model (FullCAM). The net 
amount of abatement during 
a project's reporting period 
is then determined by 
subtracting emissions due to 
fires and fuel use from the 
increase in carbon stock. 

 

Establishing and maintaining vegetation such 
as trees or shrubs on land that has been clear 
of forest for at least five years.  

Participants can plant either a mix of trees, 
shrubs and understory species native to the 
local area or species of mallee eucalypts. 

Biomass must not be removed, aside from 
10% of fallen timber that can be harvested 
each year for personal use, thinning for 
ecological purposes, biomass removal for fire 
management, removal of fruits, nuts, seeds, 
removal of material for fencing or craft 
material or in accordance with traditional 
indigenous practices or native title rights.  

Grazing and the application of lime and 
fertilisers are permitted. 

The project is subject to a 'permanence 
obligation'. This means the project must be 
maintained 'permanently' (for a nominated 
period of either 100 or 25 years). 
Carbon Credits (Carbon Farming Initiative) 
(Reforestation by Environmental or Mallee 
Plantings—FullCAM) Methodology 
Determination 2014, 
(https://www.legislation.gov.au/Details/F201
5C00581, viewed 28 February 2019) 
 

https://www.legislation.gov.au/Details/F2015C00581
https://www.legislation.gov.au/Details/F2015C00581
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Method Eligibility conditions and 
measurement  

Land management requirements 

Native forest 
from 
managed 
regrowth 

There must be evidence of a 
decision to conduct a 
project; that is, to change 
land management practices 
that maintain pasture by 
suppressing or removing 
native vegetation regrowth, 
to a management regime that 
enables native tree 
regeneration. 

The land must have been 
subject to at least one 
comprehensive vegetation 
clearing for grazing or 
cropping and must not have 
had forest cover in the 10 
years before commencing 
the project. Before the 
clearing, there must have 
been forest cover (20% 
crown cover, 2m tall). The 
regrowth must have the 
potential to reach forest 
cover. 

Native forest from managed 
regrowth projects use the 
Full Carbon Accounting 
Model, or FullCAM, to 
estimate changes in the 
amount of carbon stock as a 
result of the project. A 
project must be located in 
Australia excluding 
Australia's external 
territories. 

 

A native forest from a managed regrowth 
project allows native vegetation to grow and 
become forest by stopping activities that 
suppress or destroy regeneration of native 
vegetation. 

Regrowth may only be grazed by livestock if 
it does not prevent vegetation reaching or 
maintaining forest cover. No harvest of the 
regrowth except for very limited 
circumstances such as hazard reduction. The 
project must establish forest cover only 
through the promotion of natural regrowth of 
vegetation (cannot direct seed or plant trees). 

Regeneration must arise from existing natural 
seed beds, rootstocks or lignotubers in the 
project area. Direct seeding or planting is not 
permitted. 

Permanence obligation as with HIR and AD 
(either 25 or 100 years). 

http://www.environment.gov.au/climate-
change/government/emissions-reduction-
fund/methods/native-forest-managed-growth 

http://www.cleanenergyregulator.gov.au/ERF/Choosing-a-project-type/Opportunities-for-the-land-sector/Permanence-obligations
http://www.environment.gov.au/climate-change/government/emissions-reduction-fund/methods/native-forest-managed-growth
http://www.environment.gov.au/climate-change/government/emissions-reduction-fund/methods/native-forest-managed-growth
http://www.environment.gov.au/climate-change/government/emissions-reduction-fund/methods/native-forest-managed-growth
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Method Eligibility conditions and 
measurement  

Land management requirements 

Plantation 
forestry and 
farm forestry 

Plantations only within 
regions defined under the 
Australian Government’s 

National Plantation 
Inventory. For farm forestry, 
land must have been 
predominantly used for 
grazing or cropping for at 
least five years prior to the 
project commencing. 

Restrictions also apply to 
plantations in higher rainfall 
zones to avoid water 
competition. 

Salvage harvesting may be undertaken only 
following a fire or natural disturbance that 
affects the whole area. Management regimes 
must be specified for plantation forestry and 
variations reported, including choice of 
species, rotation periods and disturbance 
events. Farm forestry projects limited to no 
more than 30% of a farm’s area. 

 

Savanna fire 
management 

Must be within eligible 
geographic or rainfall zones 
in northern Australia. 

A management plan must be prepared each 
year outlining proposed burning activities. 
These must be planned to ensure that the 
amount of carbon sequestered in savanna in 
the project area does not decrease 
significantly over the permanence obligation 
period for the project. 

Sequestering 
carbon in 
soils in 
grazing 
systems  

Management must increase 
carbon inputs into the soil or 
reduce carbon losses.  

Land must have been under 
permanent pasture or 
continuous cropping for at 
least 5 years.  

Soil carbon measurement 
before and after the change 
in management must be 
undertaken by a qualifies 
technician and a certified 
laboratory.  

Projects must include at least one new 
management action, including (but not 
limited to): converting from continuous 
cropping to permanent pasture; pasture 
cropping; changing pasture irrigation; 
applying organic or synthetic fertiliser to 
pastures; rejuvenating pastures, including 
through seeding; changing stocking rates; 
altering the timing, duration and intensity of 
grazing. 

Ineligible actions include: permanent de-
stocking of grazing systems; bare fallow; 
application of biochar, or soil amendments 
containing coal, to the soil; and clearing 
woody vegetation. 

 

Many of the methods shown in Table 1 involve the use of the FullCAM modelling tool to 
estimate the level of carbon sequestration associated with the prescribed actions under each 
methodology. Monitoring is required throughout the life of the project, with reporting required 
every five years. The factors monitored vary between methodologies but include, for example 
for Human-Induced Regeneration (HIR): evidence of activities that suppressed forest prior to 
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the project commencing, evidence of that agreed activities have been carried out (type and 
timing), details of plant species regenerating on site, areas burnt each year, records of permitted 
grazing activities, records of fuel use. Landholders are not required to directly measure the 
amount of carbon sequestered on their land in each five-year reporting period, but they are 
required to update the FullCAM model with key details such as fire and unplanned grazing 
events so that it can recalculate the estimated mass of stored in trees and debris and any 
emissions related to fire, which determine the number of carbon credits generated. 

For projects where future harvesting is intended (e.g. plantation forestry, farm forestry), the 
creation of carbon credits is possible if the average amount of carbon sequestered at a site over 
the project period is higher than it was prior to the establishment of the plantation, which is 
likely especially if it is established on previously cleared or degraded land. Environmental 
plantings can be distinguished from farm forestry and plantation forestry by the relative 
diversity of native plant species, understorey and shrubs, and by an intention to maintain the 
planting rather than harvest it periodically. Mallee plantings are a specific type of monocultural 
plantation commonly established in medium to low rainfall areas of Australia, involving multi-
stemmed eucalyptus species planted in belts or strips, often established as shelterbelts or for 
salinity mitigation (Baumber 2016), the current ERF methodology for environmental or mallee 
plantings precludes harvest of biomass for these purposes (although it may be possible to 
establishe mallee trees under another methodology such as plantation forest or farm forestry if 
harvesting was desired). 

The most common forms of carbon farming in Australia to date have been HIR and AD 
(Figure 3), with the greatest concentration of these projects being in the rangelands of 
western  NSW (Figure 4). These are the primary focus on this report due to their relevance to 
NSW. HIR accounted for the greatest number of projects as of 29 March 2019 and AD 
accounted for the greatest number of ACCUs issued. However, comparing ACCUs issued for 
different methodologies can be misleading, as AD projects have ACCUs issued annually, 
while HIR projects have ACCUs issued at the end of each five-year reporting period (Clean 
Energy Regulator 2018). 

 

Figure 3. Projects established and Australian carbon credit units (ACCUs) issued for 
vegetation management, savanna burning and soil carbon in grazing systems under the ERF. 
Source: Clean Energy Regulator (2019). ‘Plantings’ incorporates methods for reforestation, 
afforestation, environmental plantings, mallee plantings, plantations and farm forestry. 
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Figure 4: Major ERF areas in western NSW after six auctions (September 2018). Areas 
indicated are slight overestimates, as property boundaries are indicated rather than actual 
carbon estimation areas.  

 

To develop an ERF carbon farming project, landowners need to meet eligibility criteria and to 
put in place the required management activities and monitoring and reporting practices. 
However, with regards to the co-benefits of carbon farming, the ERF does not attempt to place 
any economic value on outcomes such as biodiversity habitat or soil health. ERF bids are 
evaluated based on the amount of carbon sequestered (or emissions prevented) and the price 
per unit of carbon. Bids that offer biodiversity, soil protection or other co-benefits are not given 
preference over bids that offer none of these co-benefits. Despite this, some of the ERF 
methodologies acknowledge and promote potential co-benefits. For example, the guidance on 
human-induced regeneration (HIR) highlights that this methodology may result in ‘additional 
benefits’ such as ‘improved quality of your land and water supply, increased biodiversity and 
shade and shelter for stock’ (Clean Energy Regulator, 2018). The HIR methodology also 
requires landholders to keep records of the mix of species that regenerate on-site (although 
payments are not linked to these outcomes in any way). Where these co-benefits represent a 
private benefit, landholders may factor them into their asking price for their bids, but there is 
no mechanism at present for valuing and incentivising the delivery of public co-benefits such 
as habitat for biodiversity, water quality downstream of the carbon farming site, salinity 
mitigation for neighbouring properties or cultural benefits for groups other than the landholder 
managing the site. 
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2.3. Voluntary carbon markets in Australia 

Australian carbon farming projects can be certified under international standards relating to 
voluntary carbon credits, such as the Gold Standard. However, the Australian Government 
has also sought to facilitate voluntary trade in carbon credits through its National Carbon 
Offset Standard (NCOS).  This standard is used to award the Carbon Neutral Certification 
Trade Mark. Entities wishing to use certified credits to offset their emissions voluntarily can 
use the NCOS to measure their carbon footprint and identify eligible offsets. The following 
offset units are eligible under the National Carbon Offset Standard (Department of 
Environment and Energy 2018d): 

● Australian Carbon Credit Units (ACCUs) issued by the Clean Energy Regulator in 
accordance with the framework established by the Carbon Credits (Carbon Farming 
Initiative) Act 2011. 

● Certified Emissions Reductions (CERs) issued as per the rules of the Kyoto Protocol 
from Clean Development Mechanism projects, with the exception of some from 
nuclear and other industrial projects. 

● Removal Units (RMUs) issued by a Kyoto Protocol country on the basis of land use, 
land-use change and forestry activities under Article 3.3 or Article 3.4 of the Kyoto 
Protocol. 

● Verified Emissions Reductions (VERs) issued by the Gold Standard. 
● Verified Carbon Units (VCUs) issued by the Verified Carbon Standard. 

The Australian Government has also supported the development of Australia's Carbon 
Marketplace by the Carbon Market Institute. This Marketplace assists businesses in navigating 
the voluntary carbon market and includes a list of offsets projects (Table 2) and a directory of 
carbon market professionals including offset brokers and traders. This registry has far fewer 
listed projects than the ERF registry, with savanna burning accounting for the most projects, 
followed by vegetation projects in NSW and Queensland. 

Table 2: Voluntary carbon projects listed on Australia’s Carbon Marketplace registry. 
Source: http://marketplace.carbonmarketinstitute.org/registry/ 22 March 2019. Projects that 
across multiple states are included in the totals for each state. 

 WA NT QLD NSW SA TAS VIC 

Agriculture 0 0 1 0 0 0 0 

Energy efficiency 0 0 0 0 0 0 0 

Industrial fugitive 0 0 0 0 0 0 0 

Savanna burning 5* 10* 8 0 0 0 0 

Landfill and 
alternative 
treatment 

1 0 0 1 1 0 1 

http://marketplace.carbonmarketinstitute.org/registry/
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Vegetation 6 0 6* 6* 1* 2* 0 

*Projects with 2 locations: WA and NT, QLD and NSW, QLD and NSW  

Two voluntary carbon standards that are of particular relevance for the Australian context are 
the Gold Standard and Verified Carbon Standard. These have been granted eligibility under 
NCOS due to their prominence amongst international carbon standards. Other international 
standards that have not yet been granted eligibility under NCOS include CCBA (Climate, 
Community and Biodiversity Alliance), SocialCarbon and Plan Vivo. These standards are 
reviewed further in section 4 in relation to their potential to promote other co-benefits alongside 
carbon sequestration. 

3. Potential co-benefits from carbon farming 

Carbon farming has the potential to provide a range of co-benefits in the form of ecosystem 
services other than climate regulation through carbon sequestration (Figure 5). Lin et al. 
(2013) provide an overview of the diverse range of co-benefits that could occur from carbon 
sequestration plantings in a range of contexts, including biodiversity conservation, soil health, 
water quality, provisioning services (food, fuel etc.) and cultural services (particularly 
Indigenous land management and livelihoods). Co-benefits can be divided into environmental 
and socio-economic benefits, as in Figure 5, and can be further categorised as private or 
public benefits. Private benefits to landholders may include savings of time, money or 
resources as a result of improved ecosystem service delivery (e.g. decreased need for 
pesticide application), as well as productivity increases, and non-financial benefits such as 
improved aesthetics (if landholders prefer the aesthetics of carbon farming to alternative land 
uses). Other co-benefits represent public goods, including environmental benefits such as 
biodiversity conservation and improved water quality (e.g. reduced sediment or chemical 
loads), as well as cultural benefits such as connection to land and community development 
(especially relevant for Indigenous communities). 
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Figure 5: Potential environmental and socio-economic co-benefits of carbon farming 

 

A range of potential co-benefits from carbon farming have been identified in recent 
Australian studies. Table 3 summarises 24 such studies that have been published since 2011. 
Across these studies, the most commonly cited co-benefits relate to biodiversity, soil quality, 
and Indigenous cultural benefits. Further details of each study reviewed are provided in 
Appendix A. 

 

Table 3. Co-benefits identified and methods employed across 24 recent studies discussing the 
co-benefits of carbon farming in Australia 

Practices, co-benefits and methods featured No. of studies 

Carbon farming 
practices 

Permanent plantings (monocultures and/or 
mixed-species) 

20 

Plantation or farm forestry 2 

Human-induced regeneration 5 

Avoided deforestation 4 

Savanna burning 5 

Soil carbon management (e.g. stubble 
retention, no-till cropping, perennial 
pasture) 

3 

Ecosystem services 
identified  
(in addition to 
climate regulation) 

Regulating 

Salinity mitigation 5 

Water quality (e.g. 
sediment/nutrient levels) 

3 

Nutrient cycling 1 

Supporting 

Habitat for biodiversity 17 

Soil health (e.g. erosion 
control, soil quality) 

5 

Provisioning 

Food production 2 

Fuel production 1 

Fibre (wool) production 2 
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Practices, co-benefits and methods featured No. of studies 

Cultural 

Indigenous land 
management 

5 

Aesthetics 1 

Tools and metrics 
employed to 
identify and analyse 
co-benefits 

Qualitative 

Theorised from previous 
studies only 

8 

Identified by stakeholders 5 

Quantitative 

Spatial prioritisation 
modelling 

4 

Other modelling (e.g. 
economics biomass 
growth, biodiversity 
value, fire regimes) 

6 

Used or proposed 
indicators for co-benefits 

3 

 

 

The most commonly cited co-benefits in Table 3 - biodiversity, soil/water health and 
Indigenous cultural benefits – are discussed further in sections 3.1 to 3.3. Section 3.4 then 
considers synergies and trade-offs between co-benefits and the implications for the 
development of metrics and indicators to target and measure co-benefits from carbon 
farming.  

Quantifying the co-benefits of carbon farming remains a key challenge due a lack of data on 
actual outcomes from carbon farming projects (Evans 2018). A number of the studies 
reviewed applied modelling and indicators to overcome this limitation. Of the 24 studies 
reviewed in Table 1, ten involved some form of modelling. The most common type of 
modelling was spatial prioritisation analysis.  A case in point is Bryan et al.’s (2014) study 

that used  principles of complementarity, connectivity and representation of plant species 
compositional diversity to identify priority locations for targeting mixed-species carbon 
plantings aimed at enhancing biodiversity. Carwardine et al. (2015) and Robinson et al. 
(2016) each prioritised areas that had less than 30% of their original vegetation remaining for 
the establishment of mixed-species carbon plantings. Moran-Ordonez et al. (2017) identified 
priority sites for savanna fire management in northern Australia, based on how many 
different species and communities occur there and the relative rarity of those species and 
communities. Other modelling approaches focused on biomass growth rates and carbon 
sequestration (Renwick et al., 2014; Doran-Browne et al., 2016), economic modelling (Evans 
et al. 2015; Bryan et al. 2016), modelling of fire regimes (Russell-Smith et al. 2015) and a 
conceptual model for managing trade-offs between carbon, biodiversity and water impacts 
(Cunningham et al. 2015). 
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Amongst recent studies of carbon farming co-benefits in Australia, Robinson et al. (2011), 
Robinson et al. (2014) and Paul et al. (2016) and go furthest in terms of developing 
indicators. Robinson et al. (2011) developed indicators that could be used to measure carbon 
farming impacts on Indigenous cultural assets and values, such as whether or not there was 
free and prior informed consent, whether local Indigenous people had control over benefit-
sharing, and whether they reported increased quality of life as a result of the project. 
Robinson et al. (2014) used levels of remnant vegetation as an indicator of potential 
biodiversity benefit, while Paul et al. (2016) developed a biodiversity potential index based 
on the proportion of eucalypts in a planting and the width of the block, drawing on previous 
research that has shown diversity of birds and other fauna are higher in plantings where 
eucalypts are less dominant and where plantings blocks are wider. Some international studies 
have also attempted to develop biodiversity indicators for carbon sequestration projects, such 
as Gilroy et al. (2014), who measured indicators such as aboveground living tree biomass, 
tree root biomass, dead wood, leaf litter, living vines and bird and dung beetle populations in 
the Andes of Colombia. 

Another key challenge for understanding the co-benefits of carbon farming in Australia is the 
paucity of studies that focus on rangelands and the methods of HIR and AD that dominate in 
these environments. Of the 24 studies reviewed, five discussed HIR (Butler et al. 2014; Evans 
2015; Kragt et al. 2016; Evans 2018; Nolan et al. 2018) and four covered AD (Wentworth 
Group of Concerned Scientists,  2011; Butler et al., 2014; Evans 2018; Nolan et al. 2018). It 
also reinforces that quantifying co-benefits remains a key challenge (Evans, 2018), as none of 
the studies involved direct empirical analysis of co-benefits at carbon farming sites. Renwick 
et al. (2014) measured carbon sequestration, but did not quantify other ecosystem services. 
Five other studies identified potential co-benefits by asking key stakeholders, mostly 
landholders (Dumbrell et al., 2016; Kragt et al., 2016; Torabi et al. 2016; Robinson et al., 
2016; Kragt et al., 2017). The remaining studies relied on previous research into similar 
vegetation management practices to identify or model potential co-benefits. 

Focusing on rangelands globally, Dutilly-Diane et al. (2007) identify five main ecosystem 
services they provide: carbon sequestration, biodiversity, wind erosion reduction, water 
provision and flood erosion control. Brown & MacLeod (2017) identify the key provisioning 
services of rangelands as the production of forage for livestock production, energy resources 
(oil, gas, coal) and water supply. They also identify regulating services, such as carbon storage 
and pollination, and supporting services as soil formation and erosion, hydrology, primary 
production and biodiversity. They cover cultural services to a limited degree, noting only that 
they are present and that ecological restoration of culturally significant sites will be necessary.  

Both Brown & MacLeod (2017) and Dutilly-Diane et al. (2007) acknowledge that key drivers 
of the loss of ecosystem services in rangelands are management practices such as bringing new 
areas into use as pasture lands, intensifying grazing leading sometimes to overgrazing, and the 
cultivation of marginal dryland areas. They also acknowledge that improved management 
could lead to reduced wind erosion, reduced biodiversity loss and improved water productivity.  
However, Dutilly-Diane et al. (2007) emphasise that it is often difficult to attribute positive 
environmental outcomes to specific management practices, as the causal factors leading to 
rangelands degradation can be difficult to identify. 

  

3.1. Biodiversity 
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Enhanced habitat for biodiversity is one of the most commonly cited potential co-benefits of 
carbon farming (e.g. Lin et al. 2013; Butler et al. 2014; Kragt et al. 2017; Evans 2018). 
However, much of the research into biodiversity co-benefits focuses on hypothetical benefits 
that may be delivered based on the particular types and/or locations of carbon farming (e.g. 
Standish and Hulvey 2014, Kragt et al. 2016; Evans et al. 2015) or on landholder perceptions 
of biodiversity benefits (e.g. Torabi et al. 2016; Kragt et al. 2016). Furthermore, many studies 
consider only active tree planting rather than assisted regeneration. For example, Lin et al. 
(2013) argue that the probability of co-benefits is greater for environmental plantings with a 
mix of species on degraded land than for plantations involving monocultures or block 
plantings (Figure 6), but their analysis does not consider assisted regeneration of the type that 
is most common amongst Australian carbon farming projects. 

  

 

Figure 6: Probability of co-benefits of environmental plantings vs plantations (Lin et al. 
2013). 

In section 3.1.1 we consider the potential biodiversity benefits of carbon plantings, assisted 
regeneration and other forms of carbon farming found in Australia. Section 3.1.2 then 
explores potential guidelines for maximising the biodiversity outcomes of carbon farming 
and 3.1.2 discusses the implications for developing metrics to measure and target such 
outcomes. 

  

3.1.1 Potential biodiversity benefits of various ERF methodologies in Australia 

Tree-planting for carbon sequestration in Australia may fall under the ERF categories of 
plantation forestry, farm forestry, environmental plantings or mallee plantings. Plantation 
forestry and farm forestry refers to trees (often monocultures) planted for silvicultural purposes 
(future harvest). 
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A number of previous studies have shown that plantations can provide habitat value when 
established on previously cleared land. For example, Loyn (2007) found that the mean 
abundance of forest and woodland birds in Victorian eucalypt plantations was higher than on 
cleared farmland. Similarly, Smith (2009) found that habitat quality scores for Oil Mallee 
plantations in Western Australia were higher than for adjacent crop and pasture land. Felton et 
al. (2010) undertook a review of 36 global studies of plantation and pasture biodiversity, 
finding that plantations showed significantly higher species richness for birds and 
reptiles/amphibians and higher abundance for mammals compared to pasture lands that lacked 
remnant vegetation. However, both Loyn (2007) and Smith (2009) also found that biodiversity 
value of plantations was lower than remnant native vegetation and plantations often lack key 
habitat features that are known to enhance biodiversity, such as a diversity of species and age 
classes, the existence of older hollow-bearing trees, understorey plants and retention of fallen 
timber (Lindenmayer and Hobbs 2004).  

The assertion by Lin et al. (2013) that environmental plantings are more likely to provide 
biodiversity co-benefits than plantation or farm forestry is supported by previous studies from 
Australia. For example, Munro et al. (2009) found that ecological plantings in the Gippsland 
region of Victoria had higher condition scores, greater plant diversity, lower weed cover and 
greater midstorey than woodlot plantings. However, Munro et al. (2009) also found that 
ecological plantings did not have the floristic diversity or ground cover of remnant forests. 
Thus, while environmental plantings are more likely to provide habitat for native flora than 
woodlot plantings, the level of floristic diversity is still likely to be lower than that provided by 
remnant forests.  

Regeneration and regrowth are covered by different methodologies of the ERF (see section 
2.2), but both practices involve passive human management that allows trees and shrubs to 
regenerate or grow from seedstock or lignotubers found on site, without the need for active 
planting of seedlings. Regrowth and regenerated vegetation is likely to include a diversity of 
locally adapted species that have the potential to enhance resilience to disturbance and may 
ultimately enable the restoration of a mature local ecosystem (Fensham & Guymer 2009). 
However, as with planted ecosystems, regrowth forest is still likely to hold less biodiversity 
value than remnant vegetation. For example, Hatanaka et al. (2011) found that conserving old-
growth forest was two times more beneficial than regrowth forest in terms of bird biodiversity 
in the Gippsland region of Victoria. 

The biodiversity value of regrowth and assisted regeneration sites depends on factors such as 
land use history, the dimensions of the site and the composition of species that regenerate (Hall 
et al. 2012). Key land use history factors that can impact on biodiversity include the degree of 
soil disturbance (e.g. grazing vs mechanical cultivation), the  number of times that a site has 
been cleared, and the time lag between clearing and regeneration (Doherty 1998). 

Savanna burning in Northern Australia’s tropical savannas is usually linked to changes in 

burning practices, with low-intensity, early-season burns used to maintain carbon by 
minimizing the amount of fuel burnt in large-scale, high-intensity late-season wildfires. Such 
cooler, early-season burns are also considered to be generally commensurate with biodiversity 
conservation objectives (Moran-Ordonez et al. 2017). Andersen et al. (2012) highlight the large 
area of northern Australia’s tropical savannas burnt each year through high-intensity, late-
season fires as a major threat to small mammal species in the region.  In their modelling of the 
potential biodiversity benefits of carbon farming via savannah fire management, Moran-
Ordonez et al. (2017) applied the assumption that any area to be put under a management 
program of early-season burns would benefit in terms of biodiversity conservation.  
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Of all ERF methodologies, avoided deforestation has the greatest potential to achieve 
biodiversity outcomes equivalent to those of remnant vegetation because it involves vegetation 
being retained rather than re-established. van Oosterzee (2012) highlights this potential by 
noting that the area being deforested in Australia each year -and hence holding potential for 
avoided deforestation - is 100 times greater that the area of environmental plantings being 
established each year (as of 2012). However, for avoided deforestation to be considered a 
benefit, a baseline needs to be applied that assumes clearing would have happened in the 
absence of the carbon payment (i.e. additionality). The degree of benefit also depends on the 
biodiversity value of the area being protected, creating the potential to prioritise certain areas 
at risk of deforestation over others.  

 

3.1.2 Assessing and promoting potential biodiversity benefits of carbon farming 

Most of the studies presented in Table 3 assess potential biodiversity benefits indirectly by 
theorising, based on previous studies, that the types of vegetation established under carbon 
farming projects could offer a range of benefits for biodiversity (e.g. Butler et al. 2014; Evans 
2018, Nolan et al. 2018). Others employ stakeholder analysis to identify potential benefits 
(e.g. Kragt et al. 2017; Torabi et al. 2016). While there is a paucity of empirical studies that 
directly measure biodiversity outcomes at actual carbon farming sites, some overseas studies 
have attempted to do this. For example, Gilroy et al. 2014 attempted to measure the 
biodiversity benefit of regenerating forest on marginal agricultural land in the Columbian 
Andes by measuring indicators such as aboveground living tree biomass, tree root biomass, 
dead wood, leaf litter and living vines and undertaking biodiversity surveys (birds and dung 
beetles).  

Some studies into the biodiversity benefits of carbon farming in Australia (and biodiversity 
from revegetation more broadly) present guidelines on how to maximise biodiversity 
outcomes. In their review of potential co-benefits of carbon framing in Australia, Butler et al. 
(2014) contend that biodiversity benefits are maximised when revegetation occurs:  

1. On land that historically supported ecosystems heavily impacted by habitat 
destruction than on land types that are still largely intact. 

2. In landscapes that have been more heavily impacted by habitat destruction than in 
landscapes that are still largely intact. 

3. In places well connected to existing natural habitats than in places that are remote 
from natural habitats, and  

4. Where it may provide additional habitat for a large number of threatened species than 
in places likely to support few threatened species.  

Butler et al’s approach focuses primarily on the strategic placement of regeneration or 

planting sites within the landscape and requires a system for prioritising which sites should be 
selected for such activities. Other authors have also highlighted the importance of connecting 
revegetation projects to remnant vegetation areas, which have higher species richness, 
increases the likeliness of colonisation of the revegetated area by native species (Bradshaw et 
al. 2013; Cunningham et al. 2015; Lindenmayer & Hobbs 2004; Paul et al. 2016; Nolan et al. 
2018). Cunningham et al. (2015) argue that revegetation can be used to develop forest 
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networks that reduce the isolation of remaining forest patches, with the habitat range of 
umbrella species used to design these forest networks. Another strategy involves the creation 
of ‘tree islands’ or ‘stepping stones’ in fragmented areas in order to alter the immediate 

microclimate (Bradshaw et al. 2013; Cunningham et al. 2015).  In a rangeland context, 
landscape connectivity is less of an issue than in higher rainfall areas but a focus on smaller, 
paddock-scale heterogeneity to maximise biodiversity benefits may be important. 

As part of the Regional NRM Planning for Climate Change in the Western NRM Region 
project, the NSW Office of Environment and Heritage undertook a study of the potential for 
remote sensing to be used to identify areas of western NSW that could function as important 
biodiversity refugia under future climate change scenarios (Gill et al. 2016). This involved 
mapping of woody vegetation extent, green cover fraction, water bodies and topographic 
features, which would then need to be combined with modelling and expert knowledge to 
identify potential refugia. Although this study was not specifically focused on carbon 
farming, refugia identified using these methods could represent high priority areas for 
conservation and/or enhancement through carbon farming (e.g. avoided deforestation, 
assisted regeneration or active reforestation). 

Other studies that have used prioritisation approaches to identify priority areas for 
establishing carbon sequestration sites include Bryan et al. (2014), Carwardine et al. (2015), 
Robinson et al. (2016) and Moran-Ordonez et al. (2017). Bryan et al. (2014) identified spatial 
biodiversity priorities for targeting environmental plantings according to the principles of 
complementarity, connectivity and representation of plant species compositional diversity. 
Here, grid cells were assigned a value based on the extent to which ecological restoration 
would increase the representation of vascular plant communities within a 1000 km radius 
which require similar environmental conditions. Carwardine et al. (2015) and Robinson et al. 
(2016) each prioritised areas that had less than 30% of their original vegetation remaining for 
the establishment of environmental plantings. Moran-Ordonez et al. (2017) identified priority 
sites for carbon farming via savanna fire management in northern Australia, based on how 
many different species and communities occur there and the relative rarity of those species 
and communities.  

The potential for remote sensing data to be used to develop indicators for biodiversity and 
other co-benefits is revisited in section 3.4. 

Moving from the macro scale to the micro scale, a range of plot design factors have been 
highlighted by other authors (Bradshaw et al. 2013; Crossman et al. 2011; Cunningham et al. 
2015; Lindenmayer, Hulvey et al. 2012; Paul et al. 2016; Pichancourt et al. 2014). These 
studies highlight the following plot-scale factors that should be taken into account in order to 
maximise biodiversity outcomes from carbon farming and other plantation projects: 

● the characteristics of the regrowth/planting (width, tree density, size, age);  

● its structural complexity;  

● its floristic richness (compositional complexity);  

● the management practices implemented in the project area, such as thinning.  

Site width plays an important role in the colonisation of a planting by animals, in particular 
birds and certain species of arboreal marsupials (Munro et al. 2007; Paul et al. 2016). 
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Consequently, block plantings (as opposed to belt plantings) are often regarded to provide 
better habitat for animals, with Paul et al. (2016) recommending block plantings of at least 40 
metres wide. Cunningham et al. (2015) recommend a minimum width of 100 metres in order 
to develop forest-interior conditions, as the influence of agricultural land uses on the 
microclimate can be felt 50 meters into a forest. Munro et al. (2007) argue that the patch size 
of revegetation sites can play an important role for birds, arboreal marsupials and reptiles, as 
relationships between patch size and the presence of these animals have been shown for 
remnant patches.  

In terms of density, Cunningham et al. (2015) argue that plantings should imitate native forests 
and provide a variety of tree densities. Areas of relatively low tree density are conducive to the 
fast development of the crown and branches, while enabling shrubs and understorey vegetation 
to grow, while higher densities may inhibit this growth pattern  (Cunningham et al. 2015).  

Structural complexity is important for biodiversity, as the structure of the vegetation 
contributes to the colonisation of an area by animals (Lindenmayer & Hobbs 2004; Paul et al. 
2016). Indeed, a complex vegetation structure can provide a favourable context for nesting, 
perching and shelter, as well as providing a microclimate conducive to the establishment of 
seedlings (Munro et al. 2009). Using a chronosequence approach, Waters et al (2018) provide 
some insights on how structural complexity may change over time as regrowth occurs. These 
authors suggest that as habitat features change, different groups of species will benefit 
(Gonsalves et al. 2018, Figure 7) but emphasise mixed species responses can be hidden within 
overall trends for each taxa. These authors also highlight the value of mosaics  landscapes and 
maintaining landscape heterogeneity. The age of regrowth is therefore related  to structural 
complexity, but the impacts of age of revegetation can vary between faunal groups. For 
example, Munro et al. (2007) found that the age of revegetation has an impact on the richness 
and abundance of birds and arboreal marsupials, but not necessarily on bats, reptiles and 
invertebrates. Moreover, the structural complexity of a vegetation site does not necessarily 
increase linearly with age, which means that a reforested area does not necessarily provide 
continuous habitat for species. For example, Hatanaka et al. (2011) showed in their case study 
that regrowth forest stands less than twenty years old were characterised by a vegetation 
structure that provided nesting and foraging for some species, notably birds, but that regrowth 
stands older than twenty years did not provide this habitat value anymore.   

Floristic diversity of revegetation sites can provide food and shelter and therefore encourage 
colonisation by animals. Floristic diversity is also believed to enable forested ecosystems to 
better resist weed invasion, but this theory is not always verified in all ecosystem types (Munro 
et al. 2007). Overall, floristic diversity is thought to be of lesser importance than structural 
complexity when it comes to the colonisation of a planting/regrowth by native fauna in 
temperate areas (Hatanaka et al. 2011; Paul et al. 2016). 

The final element that needs to be taken into consideration are the management practices 
implemented in a revegetated area, particularly thinning. Thinning is a silvicultural practice 
that aims at reducing the density of a plantation/regrowth area in order to facilitate tree growth. 
Thinnings may be gathered and sold or used (e.g. firewood) or may remain on site (Gonsalves 
et al. 2018). Thinning practices may also be used to use to restore the structural complexity of 
a reforested area (Gonsalves et al. 2018). Indeed, thinning can be used to provide various 
habitat resources. For example, the thinning of dense stands can accelerate the growth of trees, 
while providing fallen timber (Cunningham et al. 2015). However, it has been shown that 
thinning can have a mixed effect on attributes of structural complexity (Waters et al. 2018) and 
the impact of thinning on biodiversity is taxa specific. A multi-taxa study by Gonsalves et al. 
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(2018) showed that overall biodiversity responded positively to the thinning of regrowth (bats, 
reptiles, birds), with a few taxa having a neutral response, such as non-volant mammals and 
plants (Figure 7). Even if the overall impact of thinning on biodiversity is positive, Eyre et al. 
(2015) have observed that the response could sometimes be species-specific. Looking at 
reptiles, they observed that larger skinks, dragons, arboreal geckos and snakes responded 
positively to thinning, which was not the case of small skinks, which were more abundant in 
unthinned areas. This highlights a potential need to keep some areas unthinned in order to 
develop a heterogeneous forest structure suited to a variety of different species (Gonsalves et 
al. 2018).  

In summary (Table 4), a reforested area is most likely to enhance biodiversity if the patch size 
is large, wide (i.e. blocks rather than belt plantings), with a variety of tree densities, a complex 
structure (overstorey, midstorey, understorey) and floristically rich vegetation.  Old 
regrowth/plantings are more likely to develop structural complexity than young ones. 
Regrowth/plantings that occur in proximity to remnant vegetation are more likely to encourage 
colonisation by fauna than isolated patches. Finally, management practices, such as thinning, 
can also provide positive biodiversity outcomes. 

Table 4: General impacts of different reforestation characteristics on biodiversity 

Impacts on biodiversity Negative Positive 

Width Belt plantings Large blocks 

Tree density Only high density Variety of tree densities 

Size Small Large 

Age Young Old 

Structural complexity Overstorey only Overstorey/midstorey/unders
torey 

Floristic richness Limited variety of plant 
species  

Variety of plant species 

Proximity to remnant 
vegetation 

Far from remnant 
vegetation 

Close to remnant vegetation 

Landscape-scale connectivity  Disconnected patches Functionally connected 
forest network within 
ecological zones 

Management  No thinning Thinning 

 

 

 



 28 

Forest thinning has a mixed effect on key structural attributes 
of the Pilliga forests in northern New South Wales.

Thinning 
reduced the 
density of small 
trees and 
shrubs

Thinning had 
no effect on 
the density of 
large trees 
and hollows

Thinning 
reduced mid-
storey and sub-
canopy

Thinning had 
no effect on 
groundcover

The effect 
depends on 
the time since 
thinning and 
on the species 
present. 

These results 
have implications 
for managing 
regrowth for 
carbon 
sequestration 
and for 
biodiversity.

Thinning 
increased the 
volume of 
downed coarse 
woody debris 
and hollow-
bearing logs

 

Figure 7: Effects of thinning on biodiversity in the Pilliga forest of northern NSW. Source: 
Cathy Waters, NSW Department of Primary Industries 

 

3.2 Soil and water quality (watershed management)  

Forested ecosystems are often associated with a variety of ecosystem services connected to 
watershed management such as water quality, nutrient export, soil erosion and soil salinity. 
Butler et al. (2014), in their review of carbon farming in Queensland, highlighted potential co-
benefits in the form of reduced sediment load in river systems and salinity mitigation through 
reforestation of recharge and discharge areas. Kragt et al. (2017) found that soil health benefits 
such as reduced erosion and increased water-holding capacity were important co-benefits for 
landholders in the Western Australian wheatbelt considering carbon farming practices such as 
tree-planting and stubble retention. In this study, 86% of survey respondents cited ‘Improved 
soil condition’ as a driver for participation in carbon farming and 72% cited ‘Increased yield 
and/or productivity of the land’.  Evidence for potential benefits is presented in sections 3.2.1 
to 3.2.3. 

3.2.1 Potential co-benefits of reforestation via carbon farming 

Reforestation of watersheds can lead to higher rates of water infiltration (Butler, Halford & 
Evans 2014; Filoso et al. 2017; Munro et al. 2012). Filoso et al. (2017) show that, out of the 
308 case studies they reviewed, 83% reported an increase in infiltration after reforestation. In 
addition, the deeper root systems of forests can reduce the potential for flash floods (van Dijk 
& Keenan 2007) and limit soil erosion (Butler et al. 2014; Calder 2002; Filoso et al. 2017). 
Calder (2002) notes that the impact of reforestation on soil erosion is likely to be greater in 
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areas of high to medium rainfall, with lesser benefits for areas where overland flow is scarce, 
such as dryland areas. 

The mitigation of secondary salinity has been cited as another potential co-benefit of carbon 
farming (George et al. 2012; Butler et al. 2014; Nolan et al. 2018). Secondary salinity or 
salinization is caused by the removal of trees to replace them by shallow rooted crops or 
pastures. These crops and pastures use less water than the native vegetation, which raise the 
level of groundwater tables containing salt, leading to salinization. The planting of trees has 
the potential to prevent or reverse salinization by reducing soil water drainage and lowering 
the level of the ground water table (Butler et al. 2014; van Dijk & Keenan 2007). If the aim of 
a planting is to lower groundwater tables then the trees should be planted on the hilltops and 
the slopes, which are the recharge zones (Cunningham et al. 2015), although Butler et al. (2014) 
also highlight the potential benefits of carbon plantings in saline discharge areas. George et al. 
(2012) highlight the role that narrow alley or belt plantings can play in balancing competing 
goals around mitigating salinity, reducing wind impacts (erosion and moisture loss) and 
maintaining food production (e.g. from wheat intercropped with belts of mallee eucalypts). 

Aside from the potential benefits in terms of soil erosion and salinity mitigation, regeneration 
and reforestation also has the potential to enhance soil carbon. Eldridge et al. (2011) reviewed 
59 cases of grasslands being converted to shrublands globally and found that soil carbon 
increased in 33 of these cases and declined in only 6 (being unchanged in the remaining cases). 
Hacker et al. (2010) also highlight that conservative grazing management strategies in 
rangelands, such as those associated with HIR carbon farming, are likely to be associated with 
increased ground cover (including litter, cryptogamic crusts, plant bases etc.) and increased 
soil carbon.  

While HIR may offer potential benefits in terms of soil erosion, salinity mitigation and soil 
carbon, it can also raise concerns around invasive native scrub (INS), which is commonly 
viewed as a form of land degradation in the rangelands (Reed et al., 2015). Largely this 
perception is based on the loss of grass cover that accompanies INS. In their global review, 
Eldridge et al. (2011) highlighted that shrubland encroachment was associated with reduced 
grass cover in 37 of 53 cases reviewed. While this loss of grass cover (and the associated loss 
of grazing productivity) may be a source of concern for graziers, some positive ecosystem 
effects from INS have been identified in western NSW (Lunt et al., 2010; Eldridge and 
Soliveres, 2014). A recent study by Berry et al. (2018) also found that the inclusion of INS 
retention as a carbon farming method (and the potential to earn income from INS) may be 
contributing to changing views about the relative costs and benefits of INS in the NSW 
rangelands. 

Surface water quality can be affected by carbon farming through sediment flows and chemical 
runoff (Butler et al. 2014; Cunningham et al. 2015; Filoso et al. 2017; van Dijk & Keenan 
2007; Feng and Kling 2005). The reduction of surface runoff and channelled flow through 
reforestation can reduce the volume of sediments and nutrients in waterways by increasing the 
infiltration and deposition of material (Cunningham et al. 2015; van Dijk & Keenan 2007). As 
we explained earlier, reforestation has also the potential to lower the level of saline 
groundwater tables, which may lead to a reduction of salt entering streams  (Cunningham et al. 
2015; van Dijk & Keenan 2007). However, this will not necessarily lead to a decrease in 
nutrient and sediment concentrations, due to the concomitant reduction in volume (van Dijk & 
Keenan 2007). Plantings established on shallow aquifers, have greater potential to improve 
water quality, as they are more likely to reduce the volume of nutrients reaching streams 
(Cunningham et al. 2015).   



 30 

Reduction in nutrient levels in river systems is a key co-benefit of carbon farming that has 
been considered in the USA. In their study of the potential co-benefits of carbon 
sequestration in the Upper Mississippi River Basin, Feng and Kling (2005) included reduced 
nitrogen runoff and nitrogen leaching in their model alongside reduced soil erosion. Tang et 
al. (2016) included the economic gains from reduced nitrogen impacts in their modelling of 
carbon farming economics. 

One final co-benefit that reforestation can have is through its potential impact on rainfall. 
According to Cunningham et al. (2015) and van Dijk & Keenan (2007), reforestation can 
modify the circulation patterns and recycling of atmospheric moisture, the temperature and 
vapour flux in the atmosphere, the breezes strength, as well as the cloud levels and convection 
patterns. All these elements can lead to an increase in rainfall. However, for this to happen, the 
reforestation needs to be large in scale (van Dijk & Keenan 2007). 

3.2.2  Potential risks and disbenefits of reforestation 

While reforestation may have a positive effect on a range of water related issues (Filoso et al. 
2017), scientific research has highlighted the complex (and not universally positive) impacts 
that reforestation can have on water quality. Calder (2002) notes that ‘conventional wisdom’ 
and ‘public perception’ is that forests are necessarily good for the water environment, including 
that they increase rainfall, regulate flows, reduce erosion, reduce floods, ‘sterilize’ water 

supplies and improve water quality. However, forests do not always have a positive impact on 
water related issues (Alix-Garcia & Wolff 2014; Bradshaw et al. 2013), particularly by 
reducing water availability for users who are reliant on stream flows or water tables  (Bradshaw 
et al. 2013; van Dijk & Keenan 2007).  

Forests have an impact on water quantity, therefore reforestation projects have the potential to 
reduce run off, groundwater recharge and eventually water yields (Butler, Halford & Evans 
2014; Calder 2002; van Dijk & Keenan 2007). Reduced groundwater recharge can be beneficial 
in contexts where dryland salinity is a risk, but may be problematic for areas where 
groundwater quality is good and water users are reliant on it. van Dijk & Keenan (2007) assert 
that forests produce less run off, streamflow and groundwater recharge than shallow rooted 
vegetation like pastures or grasslands. While reforestation of agricultural lands often increases 
infiltration, the water use of the trees induce a reduction in soil moisture as well as a 
diminishing deep drainage to the water table, which can reduce groundwater recharge 
(Cunningham et al. 2015). These alterations of the hydrological cycles lead to a reduction in 
water yields (Cunningham et al. 2015; Filoso et al. 2017). In a review of 167 academic 
publications based on 308 case studies of the impact on water of forestry systems, restored 
forests, reforestation and afforestation, Filoso et al. (2017) observed that in 80% of the cases, 
reforestation was leading to a decrease in water yields. Similar results were found in a meta-
analysis of 504 catchments where it was observed that, 20 years after reforestation, streamflow 
was reduced by 50% (Cunningham et al. 2015; Jackson et al. 2005). 

There is not a simple linear relationship between the area reforested and the impact on water 
yield. As trees age, evapotranspiration diminishes (Cunningham et al. 2015; Filoso et al. 2017), 
meaning that with time, water yields might increase and eventually reach their pre-reforestation 
level. Another element is the size of the catchment, with Filoso et al. (2017) reporting that, 
across 308 case studies they reviewed, larger water catchments recorded a smaller loss in water 
yields than smaller water catchments. Other factors may also affect water yield, including land 
use history, ecological  and landscape conditions, local geology, hydrological functioning and 
climate change (Filoso et al. 2017; van Dijk & Keenan 2007).  
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The type of trees to be planted is significant for water yield, as certain species and planting 
arrangement of trees will have a higher impact on water yields than others (Cunningham et al. 
2015; Filoso et al. 2017; van Dijk & Keenan 2007). Fast growing exotic trees planted at a high 
density tend to contribute to diminishing water yields more than slow-growing species planted 
sparsely. Filoso et al. (2017) and Cunningham et al. (2015) stress the need to plant trees that 
are adapted to the water regime of the specific environment in which they are going to be 
planted. Furthermore, projects that are designed to limit soil erosion or to enhance carbon 
sequestration may not necessarily consider water related issues. As example of this can be 
found in the Green for Grain project in China, which aimed at diminishing soil erosion and 
flooding without considering issues related to water quantity (Bullock et al. 2011).  

The ERF considers risks to water supply by requiring plantations to be approved by the 
Minister for Agriculture and Water Resources as not having an undesirable impact on 
agricultural production in the region before it can be used to earn ACCUs. The effect of 
plantations and environmental plantings is likely to vary depending on whether an area is 
affected by dryland salinity (in which case reduced recharge may be beneficial) or not (in which 
case the usage of water by the planting may have negative impacts on users of stream flow or 
groundwater). 

 

3.2.3 Soil and water co-benefits from other carbon farming practices 

While the primary focus of this report is on carbon farming practices that involve assisted 
regeneration, active reforestation and avoided deforestation, it is important to briefly consider 
other practices that could simultaneously sequester carbon and improve soil or water health. 
In their study in the Western Australian wheatbelt, Dumbrell et al. (2016) found that croppers 
and mixed farmers (i.e. practising cropping and grazing) had strong preferences for carbon 
farming practices such as stubble retention, no-till cropping, applying mulch and rotational 
grazing over practices that involved tree-planting (tree belts, environmental plantings or 
mallee for harvest). Stubble retention and other practices aimed at increasing soil carbon are 
covered by the ERF’s agricultural methods rather than its vegetation methods, with farmers 
able to earn ACCUs by retaining stubble, converting cropland to pasture or through 
‘sustainable intensification’ (e.g. planting high-productivity grasses).  

Notably, the landholders surveyed by Dumbrell et al. (2016) considered co-benefits relating 
to soil health (reduced erosion and improved soil quality) to be the primary co-benefits of 
carbon farming. In contrast, biodiversity was the principal co-benefit identified in a 
landholder study by Torabi et al. (2016) in Victoria involving landholders who had 
previously participated in a voluntary program involving the establishment of biodiverse 
environmental plantings. These differences may reflect either the practices involved (e.g. 
stubble retention vs environmental plantings) or the priorities of the landholders involved in 
the studies, or both.  

The co-benefits of stubble retention have been a subject of debate by researchers. While  the 
landholders surveyed by Dumbrell et al. (2016) felt that it was likely to reduce erosion and 
increase soil quality, a 2013 NSW DPI review of stubble retention and no-till cropping found 
no evidence that such systems have enhanced soil health and increased soil carbon across 
southern Australia (Scott et al. 2013). They argued that the primary benefit of stubble 
retention is likely to be an increased ability to crop more often rather than an increase in soil 
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quality. This equates to an increase in private provisioning services for landholders rather 
than a public benefit from enhanced supporting or regulating services. 

3.3 Social and Cultural services 

Carbon sequestration projects may provide a range of cultural services, including aesthetics, 
recreation, sense of place or spiritual connection. To the extent that cultural services of carbon 
farming sites has been considered in Australia to date, much of the focus has been on 
Indigenous cultural connections to land. Moran-Ordonez et al. (2017) highlight socio-
economic benefits and protection of areas of cultural significance as potential benefits of 
carbon farming in the form of savanna fire management. Robinson et al. (2016) highlight 
knowledge-sharing, decision-making, and maintenance of cultural connections to land as 
potential benefits of environmental plantings. They also note the close integration between 
these cultural co-benefits and other supporting or provisioning services, such as preserving 
local landscapes and maintaining livelihoods for Indigenous people. 

Stakeholder perceptions are a critical source of information for the measurement of cultural co-
benefits and may be assessed through interviews or surveys (e.g. Robinson et al. 2016). These 
sources of information are arguably more important for cultural benefits than for biodiversity 
or soil benefits, as cultural benefits are inevitably more subjective in nature. However, it may 
be possible to develop metrics that measure key cultural attributes without relying on 
stakeholder perceptions, for example by measuring the amount of time spent by Indigenous 
people on their land, the income generated from carbon farming (as a proxy for livelihoods) or 
health outcomes. Key challenges with such approaches involve limited understanding of the 
relationships between these indicators and cultural benefits. 

3.4 Assessing, promoting and integrating multiple co-benefits 

While some studies have focused on particular ecosystem services such as biodiversity or soil 
health, others have sought to understand the potential synergies and trade-offs between these 
different ecosystem services. Cunningham et al. (2015) provide a conceptual diagram 
explaining the interactions between reforestation practices and four types of ecosystem 
services, namely biodiversity, water yield, water quality and carbon sequestration (Table 5). 
For each ecosystem service, the model specifies what the ideal location of a reforestation 
project would be, the ideal species mix and the ideal density. 

Table 5: Ideal location, species mix and tree density to maximise particular ecosystem services 
of reforestation projects 

Ecosystem service Location Species mix Tree density 

Biodiversity All Mixed Various 

Water yield Not aquifers Low water use Low 

Water quality Aquifers High water use High 

Carbon sequestration Productive Production Medium 
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While Cunningham et al. (2015) provide only a conceptual understanding of what some of the 
trade-offs and synergies might be between various ecosystem services, other studies have gone 
further and attempted to provide empirical results or to design models to guide management 
decisions. For example, Paul et al. (2016) looked at the trade-offs between carbon sequestration 
and biodiversity potential by analysing results from 1491 tree planting sites around Australia. 
This involved comparing biomass carbon levels from different types of plantings, using a 
database of aboveground biomass estimates, with biodiversity outcomes based on vegetation 
structure as an indicator of habitat complexity. The trade-offs between carbon and biodiversity 
potential were calculated by comparing carbon sequestration for each management type with a 
score of biodiversity potential. The study showed that a balance between carbon sequestration 
and biodiversity was likely to be reached by planting mixed-species trees in narrow belts 
(<20m), with a high proportion of eucalypt trees (>75%). 

In another study, Pichancourt et al. (2014) developed a model to identify the management 
practices (planting and thinning rules) that are the most likely to achieve the optimal balance 
between carbon sequestration and biodiversity in various climate and landscape contexts. The 
model is constituted of three submodels. The first submodel focuses on the different 
management decisions that can be made by managers and distinguishes between the 
regeneration phase and the maintenance phase. In the regeneration phase, three options can be 
adopted: let the forest regenerate on its own (self-recovery), plant trees with the highest 
functional traits, or plant trees with the highest functional diversity. In the maintenance phase, 
three options are also possible: no thinning and two different selective thinning methodologies. 
The second submodel simulates the growth of a forest according to the species planted, 
management decisions that have been taken, climate (arid or wet), landscape position (upland 
or lowland) and soil conditions. Finally, a third submodel was used to determine the optimal 
set of decisions to maximise co-benefits, while taking into account the different conditions 
defined in the second submodel.  

Other studies have attempted to map spatial trade-offs and synergies between ecosystem 
services, including biodiversity, carbon storage, fodder provision by natural vegetation, water 
recharge, dryland salinity mitigation and soil erosion (Carwardine et al. 2015; Crossman & 
Bryan 2009; Egoh et al. 2010; Wendland et al. 2010). This involved spatial assessment of the 
presence (real or potential) of these ecosystem services. Some of the tools and information 
sources that have been applied to this type of research is show in Table 6.  

Table 6: Tools and metrics used to evaluate trade-offs and synergies between ecosystem 
services in previous studies 
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Services Carbon Biodiversity Water Salinization Soil 

Tools 
and 
metrics  

3 PG model to 
estimate 
biomass in the 
roots, stems 
and leaves per 
hectare 
(Crossman and 
Bryan, 2009) 

Information 
related to the 
species ranges 
of mammals, 
birds and 
amphibians 
weighted 
against their 
IUCN threat 
status 
(Wendland et 
al, 2010)  

Weighting 
areas 
providing 
hydrological 
services to 
downstream 
populations                                                             
Weighting 
areas 
providing 
silt-free water 
for irrigated 
rice fields 
Weighting 
areas that 
provide 
hydrological 
services to 
the mangrove 
(Wendland et 
al, 2010) 

Spatial 
distribution 
in depth, 
related to 
groundwater;  
The amount 
of water 
passing 
beyond the 
root zone 
(soil type and 
farming 
system type) 
(Crossman 
and Bryan, 
2009) 

Soil wind 
erosion 
potential,                                                                
wind erosion 
factor score 
layer (soil 
and climate 
information 
and farming 
systems 
information)   
(Crossman 
and Bryan, 
2009)                                                                  

Carbon stocks 
of above and 
below ground 
biomass  using 
remote sensing 
data 
(Wendland et 
al, 2010) 

Habitat and 
vegetation type 
(Egoh et al, 
2009) 

Estimation of 
carbon benefit 
by experts 
based on upper 
limit provided 
by data on 
adjacent 
vegetation and 
similar 
vegetation 
elsewhere in 
the world 
(Egoh et al, 
2009) 

Vegetation 
types 
(Carwardine et 
al, 2015) 

Pre-European 
vegetation 
classes                                   
Soil types                                                                 
Climate zones                                                   
Bioregions 
(Crossman and  
Bryan, 2009) 

 

In their study of deforestation risk, Wendland et al. (2010) estimated a multivariate probit 
model of deforestation with deforestation (between 1990 and 2000) as the dependent variable 
and distance to footpaths and roads, elevation, slope, population density, mean annual per 
capita expenditure, household income inequality and presence of protected areas as 
independent variables. Crossman & Bryan (2009) used the Land Use Impact Model, which is 
a Bayesian framework used to calculate the risk posed to vegetation based on the surrounding 
land use and the inherent vulnerability of the vegetation. 

Egoh et al. (2010) observed that identifying areas to conserve biodiversity and several other 
ecosystem services is more efficient and cost-effective than conservation plans that focus only 
on biodiversity and consequently only capture other ecosystem services coincidentally. In the 
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same way, Carwardine et al. (2015) observed that the areas they identified as providing both 
carbon sequestration and biodiversity were different from the areas that only produced one of 
these services. Illustrating this point with numbers, Crossman & Bryan (2009) claim that 
spatially targeting a variety of ecosystem services in the lower portion of the Murray–Darling 
Basin could lead to a doubling of water benefits, increasing carbon sequestration by 30% and 
biodiversity by 25%, compared to a random approach.  

As noted in section 3.2, a number of carbon farming studies in Australia have attempted to use 
remote sensing and GIS data to identify priority areas for carbon farming activities that could 
enhance biodiversity (Bryan et al. 2014; Carwardine et al. 2015; Robinson et al. 2016; Moran-
Ordonez et al. 2017; Gill et al. 2016). None of these studies attempted to integrate co-benefits 
other than biodiversity into their models, but they provide examples of how remote sensing 
data can be used to prioritise areas for conservation or revegetation and to develop indicators 
to measure the outcomes from carbon farming practices.  

Table 7 provides a review of  projects and initiatives that employ remote sensing and GIS tools 
that have the potential to be used to assess the co-benefits of carbon farming in NSW. It should 
be noted, however, that these tools have not been developed specifically for carbon farming 
and do not represent ‘off-the-shelf’ solutions for assessing biodiversity or soil outcomes at 

carbon farming sites. As discussed by Gill et al. (2016) in their study of biodiversity refugia in 
western NSW, spatial data of this nature need to be combined with expert knowledge and 
modelling before they can be applied to planning or incentive schemes.  

Some of the most promising tools listed in Table 7 are those relating to the TERN 
Auscover/TERN Landscape initiative. Of these data layers, fractional cover and green 
accumulation indicators have previously been identified by Gill et al. (2016) as having value 
for the identification of biodiversity refugia in western NSW. However, other TERN data layers 
could also be used to develop proxies for vegetation quality and soil condition. Woody cover, 
seasonal cover and seasonal persistent green data could potentially be used to develop proxies 
for soil condition as well as biodiversity. Woody vegetation height and structure data could be 
used to develop proxy indicators for habitat value, with Dean et al. (2015) noting that Landsat 
data offers the potential to measure vertical foliage distribution in rangelands. This vegetation 
height and structure data could potentially be used to create an index of structural complexity, 
which has been linked to biodiversity factors such as nesting, perching, shelter and seedling 
establishment in forested ecosystems (Lindenmayer & Hobbs 2004; Munro et al. 2009; Paul et 
al. 2016). 

A key insight from Table 7 is the lack of remote sensing and GIS data layers that could be used 
to develop indicators for cultural co-benefits of carbon farming. Given the highly subjective 
nature of cultural benefits, stakeholder analysis is likely to remain the most important source 
of data, as employed by researchers such as Robinson et al. (2016) and Kragt et al. (2016). 
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Table 7: Projects/initiatives employing remote sensing tools that could be used to assess co-benefits of carbon farming in NSW 

Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

TERN 
Auscover 

TERN 
Landscape 

Fractional cover  
Landsat, Joint 
Remote Sensing 
Research Program 
algorithm, 
Australia 
coverage 

Spatial resolution: 
30 m 

 

Also known as 
Seasonal 
fractional cover - 
Landsat, JRSRP 
algorithm, 
Australia 
coverage 

Provides fraction of bare (bare 
ground, rock, disturbed); green 
vegetation, nongreen vegetation 
(litter, dead leaf and branches), 
one composite image per season 

• Reduced soil erosion (information 
on trends and a baseline is 
needed) 

• Salinity control (baseline is 
needed and combination with soil 
information (pH and EC) 

• Improved connectivity (using 
trends of the green fraction to 
map extent and changes over 
time) 

• Conservation of biodiversity and 
ecosystems (needs to be 
combined with field information 
or other programs of OEH (Turak 
et al., that measures ecological 
integrity using lizard assemblages 
and spatial modelling). 

• Increased habitat area 
• Livestock shelter 
• Wind breaks (depending on the 

width of the breaks) 

Nil This 
information 
could be used 
as proxy (with 
other 
variables) for 
mapping 
improved 
connectivity, 
increases in 
habitat area, 
conservation 
of ecosystems 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

Landsat 2000-
2010 woody 
vegetation cover.  
Spatial resolution: 
30 m 

Include maps of foliage projective 
cover and forest extent. It also 
includes a map of woody 
vegetation cover that can be used 
as a ‘mask’ of forest and other 

wooded lands for studies that are 
more focused on herbaceous 
cover 

Can serve to determine baselines and 
benchmarking for assessing 
environmental co-benefits of carbon 
farming and/or to prioritise areas of 
intervention for carbon farming (e.g. 
decide on initiatives at landscape 
level rather than individual farms).   

Nil Could help 
aggregators or 
policymakers 
to identify 
priority areas 
for carbon 
farming 

Seasonal cover 
deciles - Landsat, 
JRSRP algorithm, 
Australia 
Coverage 

30 m spatial 
resolution.  

Seasonally - At 
least one image 
per standard 
calendar season. 

Green cover and total cover. For 
each pixel all cover values over 
the entire time-series of seasonal 
images are classified into deciles. 
Serves to identify areas of low or 
high cover, relative to what is 
normal at that location, at that 
time of year.  

Can be used to derive information 
on changes in cover and structure 
of vegetation (vertical- height; 
horizontal - patch changes). 

• Reduced soil erosion 
• Salinity control  
• Enhancing biodiversity on farms 

(will need to be coupled with 
other on-ground measurements) 

• Conservation of ecosystems 
• Connectivity of habitats 

 

Nil Areas of 
constant high 
cover could be 
associated to 
good 
infiltration, 
low runoff, 
decreased 
erosion. 

Structural 
changes could 
be linked to 
biodiversity 
value. 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

Seasonal 
persistent green 
- Landsat, JRSRP 
algorithm, 
Australia 
coverage. 30 m 
spatial resolution. 
Seasonally - At 
least one image 
per standard 
calendar season 

Estimates persistent green cover 
per season (i.e. portion of 
vegetation that does not 
completely senesce within a year, 
which primarily consists of 
woody vegetation (trees and 
shrubs), although there are 
exceptions where non-woody 
cover remains green all year 
round).  

Persistent green could serve as proxy 
for SOC estimation and for co-
benefits related to: 

• Reduced soil erosion  
• Wind breaks 
• Salinity control 
• Livestock shelter (depending on 

size of patch) 
• Proxy for improved connectivity 
• Increases habitat area 
• Conservation of ecosystems 

Nil Persistent 
green can be 
associated to 
cover %, and 
high cover 
percentage 
could be 
associated to 
soil properties 
of infiltration 
(relating to 
reduced soil 
erosion) 

Water Count and 
Prevalence - 
Landsat, JRSRP 
algorithm, NSW 
coverage 

Water count and water 
prevalence. Water count is  the 
sum of number of observations 
with water present across the 
Landsat time series as a fraction 
of total number of possible 
observations in the 25yr period. 
Prevalence provides a measure of 
the relative persistence of water in 
the landscape (e.g. from always 
present to rarely and never 
present) 

• Enhancing biodiversity on farms 

 

Nil For example, 
distance to 
locations of 
persistent 
water bodies 
can be 
modelled as a 
contributing 
indicator of 
potential 
biodiversity 
refugia. 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

Green 
Accumulation 
Index - Landsat, 
JRSRP 
algorithm, NSW 
coverage. 

Spatial resolution: 
30m. Temporal: 
1988-2012 

The green fraction has been 
analysed for a sequence of images 
to show how long an area stays 
green following a greening event, 
such as grass growth in response 
to rainfall. Areas exhibiting the 
highest values in an image are the 
areas of NSW that respond with 
high green cover for a long period 
after a greening event. 

• Biodiversity (e.g. refugia) - could 
be helpful for planning priority 
areas of induced human 
regeneration. 

 

Nil This approach 
was taken by 
Gill et al. 
(2016) to 
identify 
biodiversity 
refugia in 
western NSW 
under climate 
change 
scenarios. 

Vegetation 
height and 
structure - 
derived from 
ALOS-1 
PALSAR, 
Landsat and 
ICESat/GLAS 
2009 updated for 
2019 (Roxburgh 
et al. 2019) 

Height, cover, age class. forest 
uses a version of the Walker and 
Hopkins (1990) structural 
classification 

• Conservation of biodiversity and 
ecosystems 

• Improved connectivity, increases 
habitat area 

• Biomass is a proxy for habitat 
condition and ecosystem 
assessment. 

• Information on changes in height, 
cover can serve as proxy for 
condition, vegetation change 
(extent and health) 

Nil Needs to be 
used in 
combination 
with other 
TERN 
Auscover 
products 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

Phenology - 
MODIS, derived 
from MOD13A1 
EVI, NSW-Vic 
coverage 

500 m spatial 
resolution, every 
16 days. 2000-
2015 

Allows quantitative analysis of 
phenology ; the product can be 
used to characterize phenological 
cycles of greening and browning 
and quantify the cycles’ inter and 

intra annual variability from 2000 
to 2015 

Could be used as input layer for 
proxies in support of co-benefits 
related to: 

• Conservation of ecosystems  
• Pollination (phenology related 

work by Huete and team at UTS). 

Nil Computation 
ceased in 2015 

Ecosystem 
Disturbance 
Index - MODIS, 
(experimental) 

500 m spatial 
resolution. Once a 
year, from 2000-
2013 

The Disturbance Index  can be 
used to detect the timing, location 
and magnitude of major 
ecosystem disturbances such as 
wildfire, flooding, climate change 
and human-triggered land use. 

• Ecosystem conservation 
• Habitat conservation (landscape 

scale) 

Nil Risk of loss of 
benefits? 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

EMAR  
(OEH NSW) 

 

Environmental 
Monitoring 
Assessment and 
Reporting 
Framework 
(EMAR)  

Working on new indicators of 
ecological integrity, biodiversity 
condition, using reptile species 
richness, small mammal 
population and birds. Focus on 
Mallee landscape  

Depending on status of development 
and coverage it could serve to 
measure: 

Conservation of biodiversity and 
ecosystem (services) 

Enhancing biodiversity on farms 
(currently is being applied on 
reserves) 

Indigen-
ous 
cultural 
benefits  

Project 
incorporates 
cultural 
burning 

The 
VegMachine 

https://vegma
chine.net/  

(CSIRO, UQ, 
and others) 

Measure land 
cover change or 
estimate soil 
erosion rates 
from satellite 
image land cover 
products. 
(integrates total 
ground cover, 
fractional cover, 
cover deciles 
green, cover 
deciles total, 
persistent 
vegetation) 

It can help to better understand 
the links between management, 
climate and cover in grazing 
land. 

 

• Reduced soil erosion 
• Windbreak (depending on size 

of the patch) 
• Salinity control 
• Livestock shelter 
• Improved connectivity 
• Increased habitat area 
• Conservation of ecosystems 

(proxy) 

Nil More of a 
visualisation 
tool - could be 
coupled to a 
decision 
support system 

https://vegmachine.net/
https://vegmachine.net/
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

CSIRO SOIL 
GRID 

 

OEH SEED  

(Sharing and 
enabling 
environm-
ental data) 

 Soil attributes 

Landscape attributes 

 

OEH SEED (Espade for soil 
information, etc) 

Can be input on landscape level 
estimations/proxies for: 

• Reduced soil erosion 
• Salinity control 

 

Nil  

Habitat 
Condition 
Assessment 
System 
(HCAS)  
CSIRO 

Approach to map 
change in habitat 
for biodiversity. 
Mix of remote 
sensing and 
environmental 
variables to 
model habitat 
condition in 
bioregions of 
Australia. 

HCAS is designed to work with a 
range of long timeseries, 
nationally consistent remote-
sensed data and derivatives that 
represent attributes of habitat 
structure, function and 
composition, primarily using 
vegetation as a 

surrogate.  

• Conservation of biodiversity and 
ecosystems 

• Improved connectivity, increased 
habitat area 

 

Nil Final report 
not released 
yet 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

Australian 
Ecosystem 
Models 
Framework 

CSIRO led Provides a robust architecture for 
natural resource management 
prioritisation, as well as 
monitoring and evaluation 
activities, including supporting 
the development of methods to 
assess ecosystem resilience 

Potentially good for conservation of 
biodiversity and ecosystems 

Nil Underway, no 
clear mention 
of indicators 

Biodiversity 
Indicator 
Program for 
NSW 

OEH/CSIRO and 
other experts 
from the 
Australian 
Museum and 
Macquarie 
University.  

To be published: 
Measuring 
biodiversity and 
ecological 
integrity in NSW: 
Method for the 
Biodiversity 
Indicator Program 

Measuring biodiversity and 
ecological integrity in NSW: 
Method for the Biodiversity 
Indicator Program 

• Conservation of biodiversity and 
ecosystems 

• Improved connectivity, increased 
connectivity 

 

Nil Confidential, 
not released to 
the public 
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Project/ 
Initiative 

Products/  
Tools 

Description Environmental co-benefits that 
could be assessed using these tools 

Social/ 
cultural 

Comments 

Australia’s 

Environm-
ental 
Explorer 

Soil water 
availability 
(2016) 

Runoff , exposed 
soil, etc. 

 • Reduced soil erosion 
• Salinity control 

Nil  

Australia 
Beef 
Sustainability 
Framework 

To report at an 
industry level 
using available 
data where 
appropriate, 
whilst identifying 
and addressing 
where there is a 
need to develop 
or improve 
indicators that 
better inform the 
understanding and 
attainment of 
sustainable 
practices. 

Across the entire 
value chain. 

5.2a Area of native vegetation 
managed for conservation 
outcomes on-farm 

5.2b Maintaining grassland 
systems from unproductive 

encroachment of native and 
introduced species 

5.2c No deforestation of 
primary forests  

5.2d Increase in healthy 
grassland systems  

• Reduced soil erosion 
• Pest control 
• Salinity control 
• Enhancing biodiversity on farms 
• Conservation of biodiversity and 

ecosystems 

 Case studies.  
Use of remote 
sensing and 
field data. No 
national 
coverage 
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3.5 Synthesis 

In summary, the following key points can be discerned from the literature on co-benefits of 
carbon farming in Australia and elsewhere: 

● Biodiversity, soil and water health, and Indigenous cultural benefits are the main types 
of co-benefits that have been identified in the literature around carbon farming in 
Australia. 

● There is a paucity of empirical studies that have directly measured these co-benefits at 
actual carbon farming sites in Australia. 

● Most co-benefit studies rely on inferences based on past research into reforestation and 
regeneration or stakeholder perspectives on potential co-benefits. 

● There is a paucity of studies that have explored assisted natural regeneration relative to 
other types of carbon farming such as environmental plantings, stubble retention and 
savanna burning. 

● Opportunities exist to develop indicators and other metrics using spatial and other data 
that could be used to prioritise carbon farming sites or measure outcomes for 
biodiversity and soil health. 

● Where metrics have been developed around co-benefits to date, these primarily relate 
to prioritisation approaches (i.e. where should carbon farming be located to maximise 
co-benefits) or guidance approaches (i.e. what design and management principles 
should proponents follow in order to maximise co-benefits) 

In relation to this last point, the identification of ecosystem services ‘hotspots’ where carbon 

sequestration could be prioritised is not unique to Australia. For example, Venter et al. (2009) 
looked at how the REDD fund aiming at enhancing carbon sequestration by limiting 
deforestation and forest degradation could also be used to protect biodiversity in 68 developing 
countries. This involved mapping areas that could minimise carbon emissions while 
maximising biodiversity outcomes. Several national-scale studies have also been conducted, 
including in Madagascar (Wendland et al. 2010) and South Africa (Egoh et al. 2010). 

Some of metrics discussed in this section that have been proposed for identifying priority sites 
for carbon farming to deliver co-benefits in Australia include: 

● Prioritising sites for carbon sequestration based on principles of complementarity, 
connectivity and representation of plant species compositional diversity (Bryan et al. 
2014) 

● Prioritising areas that have less than 30% of their original vegetation remaining for the 
establishment of environmental plantings (Carwardine et al. 2015; Robinson et al. 
2016). 

● Prioritising areas based on how many different species and communities occur there 
and the relative rarity of those species and communities (Moran-Ordonez et al. 2017). 

● Prioritising sites based on their potential to act as biodiversity refugia under future 
climate change scenarios (e.g. Gill et al. 2016). This study was not specifically focused 
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on carbon farming, but avoided deforestation, assisted regeneration and active 
reforestation may help to conserve or enhance refugia. 

The other main use of metrics discussed in this section is the development of standards to 
guide landholders and proponents in the design and management of carbon farming projects.  

A range of studies have outlined principles for designing and managing reforestation and 
regeneration sites to maximise biodiversity (Bradshaw et al. 2013; Crossman et al. 2011; 
Cunningham et al. 2015; Lindenmayer, Hulvey, et al. 2012; Paul et al. 2016; Pichancourt et 
al. 2014) and soil/water health (Cunningham et al. 2015; Filoso et al. 2017; van Dijk & 
Keenan 2007). In their Victorian Department of Sustainability & Environment report, 
Kapambwe and Keenan (2009) highlight the need for standards to ensure that carbon 
sequestration plantings deliver biodiversity outcomes. Robinson et al. (2016) also argue that 
standards are needed to complement their proposed site prioritisation approach (i.e. targeting 
areas with <30% remnant vegetation), with such standards used to ensure that projects 
actually delivered the desired biodiversity and other co-benefits. Based on the factors 
discussed in section 3.1.1, such standards could include consideration of patch size, width, 
structural diversity, floristic diversity and ongoing management such as thinning and fire 
regimes.  

Future metrics and indicators may be able to be developed using spatial data from TERN and 
other initiatives, with some key data layers including green accumulation, seasonal persistent 
green, woody vegetation cover and vegetation height and structure. 

Section 4 discusses existing market-based schemes for valuing and incentivising biodiversity, 
soil and water, and cultural benefits, including the various ways that such schemes have 
sought to combine different ecosystem services and the various tools and metrics that have 
been employed under such schemes. 

 

4. Markets for payments for ecosystem services 

In this section, we review a range of market-based schemes that have been developed to value 
and incentivise the key co-benefits of carbon farming identified in section 3, namely 
biodiversity conservation, soil and water health, and cultural services. The purpose of this 
review of market-based approaches is twofold: 

1. To identify opportunities for landholders and policy-makers in NSW to capitalise on 
current or future market opportunities around the co-benefits that might be generated 
by carbon farming 

2. To identify tools and metrics used by market-based schemes to quantify and value 
ecosystem services that could be applied or adapted to the NSW carbon farming 
context.  

Section 4.1 begins with some key principles of market-based approaches, before we move on 
to biodiversity markets (4.2), soil and water markets (4.3) and markets for bundled services 
(4.4). We did not identify any market-based approaches that focused on cultural services only, 
but several of the bundled schemes discussed in section 4.4 cover cultural services. Our focus 
is primarily on Australian markets where they exist, such as around biodiversity, with 
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international markets cited where they offer additional options not currently being implemented 
in Australia (primarily in relation to watershed protection and bundled services). 

 

4.1 Market-based approaches to ecosystem service delivery 

Approaches to incentivising the delivery of ecosystem services can be divided according to 
various typologies. In section 1, we discussed three main ways in which landholders may earn 
income from sequestering carbon (direct government purchases, compliance markets and 
voluntary markets). Mercer et al. (2011) and Madsen et al. (2010) highlight that these three 
categories apply to market-based approaches to ecosystem services more broadly, which they 
term: 

(i) Public payments: Where a government pays landowners to implement management 
practices that enhance ecosystem services;  

(ii) Compliance driven transactions: Where a market is established to abide by 
government regulations (e.g. offset mechanisms, cap and trade markets); and  

(iii) Voluntary transactions: Where markets are not created to comply with regulations, 
but rather for ethical, philanthropic, profit or consumptive motives.  

The Department of the Environment Water Heritage and the Arts (2009) takes a different 
approach, dividing market-based mechanisms into three different categories: 1) price-based 
(e.g. tenders), 2) quantity-based (e.g. cap and trade or offset schemes); and 3) market friction 
(e.g. environmental labelling, eco-certification). They also note that market-based approaches 
are only one means of influencing behaviour, alongside suasion (non-financial measures such 
as education or extension) and regulation (e.g. taxes and rates). 

Baumber (2017a) adopts another typology where a distinction is made between whether the 
measure is based on a positive or negative incentive, and the degree to it incorporates market 
characteristics. Negative incentives can be regulations that, for example, require an industry to 
rehabilitate land at risk of penalties for non-compliance. Positive incentives can be divided into 
three categories: voluntary markets, indirect markets (e.g. R&D, knowledge) and grants and 
other types of payments. Offset mechanisms include both negative and positive elements 
because they constraint certain activities that damage ecosystems but also provide flexibility 
by enabling those damaging activities to be pursued if an offset is secured in another location.  

In this section, we will mostly focus on what Baumber (2017a) describes as positive incentives, 
and will cover all three of the market approaches presented by Mercer et al. (2011) - public, 
compliance and voluntary. Markets for ecosystem services may be two sided (several sellers 
and buyers are competing), one-sided (competition exists only on one side) or no sided (there 
is no competition on either side) (Williams et al. 2009).  
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4.2. Biodiversity markets 

4.2.1 Biodiversity offset markets (compliance driven payments) 

Biodiversity markets are growing worldwide, with many taking the form of compliance driven 
transactions, such as offset mechanisms. Madsen et al. (2010) identified 39 offset or 
compensatory biodiversity programs worldwide in 2010, with another 25 under development. 
In this section, we consider the Biodiversity offsets scheme in New South Wales (formerly 
Biobanking) and the Native Vegetation Credits scheme in Victoria (formerly Bushbroker).  

4.2.1.1 Biobanking and the Biodiversity Offsets Scheme (NSW) 

BioBanking was the NSW state government’s first attempt to create a verification and market 

process for biodiversity offsetting. It existed from 2008 to 2017 before being replaced by the 
modified Biodiversity Offsets Scheme. Both schemes involve conservation covenants that are 
voluntary and in perpetuity, with credits able to be generated through a range or actions such 
as grazing management for conservation, weed control, ecological fire management, retention 
of regrowth and remnant native vegetation, replanting or supplementary planting where natural 
regeneration is not sufficient, erosion control and the retention of dead timber and rocks (OEH 
2014a). These credits can be sold to developers wishing to degrade biodiversity in other 
locations (who would not be permitted to do so without offsetting their impact). Like-for-like 
provisions are incorporated through the use of both species credits, covering impacts on 
specific threatened species, and ecosystem credits, covering impacts on threatened ecosystems 
(Madsen et al. 2010). 

The most significant change under the 2017 Biodiversity Offsets Scheme was the creation of a 
Biodiversity Conservation Fund managed by a newly-created Biodiversity Conservation Trust. 
If developers cannot find a suitable offset themselves or through a broker, they may pay an 
amount determined by the Offsets Payment Calculator into the Fund, with the Trust then taking 
responsibility for sourcing suitable offsets (OEH 2018). 

In order to generate credits, landholders need to enhance and protect the biodiversity value of 
their land by making improvements in the habitat or by increasing the habitat or population of 
threatened species. To determine the number and type of credits that may be created, an 
assessor must assess the current biodiversity values of the property and the likely increase 
based the proposed land management activities (e.g. grazing management, supplementary 
planting). Once a landholder enters into an agreement, he/she is obliged to submit an annual 
report that assesses his/her performance against the agreement, with annual payments 
dependent on the submission of the report (Crossman et al. 2009). In addition, landholders may 
undergo inspections and audits. 

The metrics and management requirements applied under the Biodiversity Offsets Scheme 
represent an input-based approach to assessing biodiversity impacts. Data relating to the site, 
such as occurrences of threatened species or ecological communities, may be used to determine 
the type of credits that can be generated (species or ecosystem). Certain management actions 
are assumed to produce certain benefits, which are then used to calculate the number of credits 
generated. Compliance is based on the inputs of ongoing land management (e.g. adherence to 
prescribed management actions) rather than being based on the measured outcomes for 
threatened species or communities (i.e. an outcomes-based approach). 
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4.2.1.2  Bushbroker/Native Vegetation Credits (Victoria) 

Victoria introduced the Bushbroker system for the registration and trading of native vegetation 
credits in 2006. While native vegetation clearing regulations were overhauled in 2017, 
offsetting principles remain part of the regulatory framework (ELWP 2017). As with the NSW 
Biodiversity Offset scheme, one of the main principles of Victoria’s offset approach is the 

concept of like for like (Madsen et al. 2010). While credit types under Bushbroker were 
determined based on ecological vegetation classes in 28 bioregions (Madsen et al. 2010), the 
post-2017 approach is simplified into species offsets (where a rare or threatened species is 
affected) and general offsets (where no listed species are affected). Native Vegetation Credits 
can be purchased via an accredited broker and must be listed on the Native Vegetation Credits 
Register. To ensure that offsets are located in areas with a strategic biodiversity value that is 
comparable to the native vegetation being removed, the strategic biodiversity value score of an 
offset must be at least 80 per cent of the strategic biodiversity value score of the native 
vegetation to be removed (ELWP 2017).  

Landholders can generate credits by undertaking management actions that are predicted to 
generate a certain biodiversity ‘gain’. They first need to have their site assessed and given a 
habitat score out of 100 based on current condition, by evaluating the factors shown in Table 
8. A maximum score of 100 is supposed to correspond to a mature, long-undisturbed site of the 
same vegetation type, taking into factors such as landscape context and the presence of large 
trees, understorey plants and logs (DSE 2004).  

Table 8: Factors contributing to habitat score under the Victorian offset gain calculator 
(ELWP 2017) 

Habitat Factor Maximum Score 

Large trees 10 

Tree canopy cover 5 

Understorey 25 

Lack of weeds 15 

Recruitment 10 

Organic litter 5 

Logs 5 

Landscape context 25 

TOTAL 100 
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Once a baseline habitat score has been obtained, a predicted gain in site condition  can be 
calculated based on the following gain categories (ELWP 2017): 

● Prior management gain: improvements delivered prior to registering the site as an offset 

● Security gain: when a landowner increases the protection of native vegetation 

● Maintenance gain: achieved by giving up currently allowed land uses and controlling 
threats that would otherwise cause a decline in native vegetation condition 

● Improvement gain: achieved from management commitments that are predicted to 
improve the site condition 

The ‘gain score’ associated with each of the above activities is divided by 100 and multiplied 
by the area of land under the agreed management practices to produce the ‘habitat hectares’ of 

gain. This is then multiplied by a landscape factor that considers the strategic value of the 
biodiversity in the landscape, based on a Strategic Biodiversity Values Map that assigns each 
part of Victoria a value from 0 to 1 based on species habitat distribution, vegetation types and 
vegetation condition. The final result is a value in either Species Habitat Units or General 
Habitat Units, which can then be traded to someone wishing to degrade a commensurate 
number of Habitat Units.  

As with the NSW offset scheme, Victoria’s scheme can be considered an input-based approach, 
as it requires producers of credits to follow an agreed set of management actions and assumes 
a certain benefit based on those actions. Notably, it considers both localised gain (i.e. 
improvements from actions undertaken onsite) and strategic value (i.e. a site prioritisation 
approach that increases payments for areas with higher strategic conservation value). 

4.2.2 Conservation tenders (public payments) 

In addition to offset markets, a large number of conservation tenders have been developed to 
encourage conservation of biodiversity, including almost 100 tenders conducted in Australian 
across various programs between 2001 and 2012 (Rolfe et al. 2017). These can be further 
divided into research-focused tenders (e.g. EcoTender), federal level tenders (e.g. Stewardship 
Environment program), state level tenders (e.g. NSW Environmental Services Scheme or 
Nature Assist), state/regional tenders (e.g. Bush Tenders) and regional tenders. The examples 
we focus on here are the Environmental Stewardship program (national scale program), Bush 
Tenders (Victoria) and Nature Assist (Queensland).  

4.2.2.1 Environmental Stewardship program (Australia-wide) – 2007 to 2012 

The Environmental Stewardship program was a national program created in 2007 to encourage 
the protection and extension of Matters of National Environmental Significance as defined by 
the Environment Protection and Biodiversity Conservation Act 1999 (Burns et al. 2016). The 
main objectives of the program were to improve habitat quality, increase the viability and 
integrity of high quality remnant and improve the protection of nationally threatened species 
and ecological communities. Initially the program targeted specific species or ecosystems, such 
as the Box Gum Grassy Woodland. Progressively, the program expanded to include multiple 
ecological communities, with the development of the Multiple Ecological Communities 
Project, which has been implemented in New South Wales and South Australia.  
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The Environmental Stewardship program was based on a reverse auction model, which is an 
auction where the sellers (namely landholders) compete against each other in order to obtain a 
contract or business (Burns et al. 2016). In this specific case, landholders compete against each 
other to obtain government funds in exchange for management actions aimed at improving the 
condition and extent of vegetation. The activities that landholders may undertake include weed 
and pest control, maintenance of buffer zones and grazing management. When landholders 
enter an agreement with this program, they commit to implement management activities for 15 
years in exchange for an annual payment (Lindenmayer et al. 2012). Again, this is an input-
based approach whereby annual payments are based on implementation of agreed actions rather 
than specific outcomes (e.g. increase in population of a threatened species).  

4.2.2.2 Nature Assist (Queensland) – 2007 -2013 

The Nature Assist program was launched in 2007 and aimed to encourage landholders to 
protect conservation values on their lands. The program targeted properties that had been 
identified as having significant conservation values, connectivity as well as having the potential 
to be resilient in the face of climate change (Department of Environment and Science 2017a). 
At the property level, the targeted properties were those who are considered to have significant 
conservation values and whose size, condition and localisation in the landscape indicate that 
they will remain viable in the future. At the landscape scale, a property could be considered 
suitable if it added to the representation of the state’s biodiversity or contributed to the creation 

or maintenance of corridors. Finally, at the strategic level, properties were required to 
contribute to the improved conservation of Queensland or align with the goals of Nature Assist 
(Department of Environment and Science 2017b). 

An index was employed by Nature Assist to assess potential sites, divided into three main 
indicators with different weights: site suitability (weight: 68), management suitability (weight: 
26) and contract security (weight: 6). The site suitability was further divided into four 
subcategories: cultural heritage, catchment health, representativeness (for biodiversity) and 
rarity and distinctiveness of biodiversity (Hajkowicz et al. 2009).  

The Nature Assist program involved staff directly assessing properties based on several criteria, 
including the condition of the land, the current land uses and management practices as well as 
the proposed future uses (Department of Environment and Science 2017b). The types of 
management activities that could be eligible for payment included: establishing artificial 
watering points, building fences to manage stock access and controlling pests (Department of 
Environment and Science 2017a). Following assessment, a nature refuge agreement would be 
put in place, with payments linked to agreed management actions.  

4.2.2.3  Bush Tender (Victoria) – 2001 – 2011 

The Bush Tender program started in 2001 with the aim of improving vegetation conservation 
and foster positive biodiversity outcomes, namely the enhancement of the habitat value of the 
vegetation for rare or threatened vegetal or animal species (Department of Sustainability and 
Environment 2006, 2009). Interested landholders could have their property assessed by a field 
officer who would assess the quality of the vegetation on the property (using the same habitat 
hectares methodology discussed in relation to Victoria’s offsets scheme), identify potential 

threats, and evaluate actions that would need to be carried out to improve the biodiversity value 
of the site (Department of Sustainability and Environment 2006). The types of actions that 
could be carried out included fencing to control access of stock or pests, managing weeds and 
pests, excluding stock or modifying grazing regime to maximise vegetation quality, preserving 
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trees, understory, logs, fallen branches and leaf litter and planting additional vegetation in 
patches of native vegetation (Department of Sustainability and Environment 2009). After this, 
landholders were able to bid for government funds. The selected tenders were those that offered 
the greatest environmental outcomes at the lowest price (Department of Sustainability and 
Environment 2006). Successful bidders entered into a five year BushTender Management 
Agreement with the Department of Sustainability and Environment and received an upfront 
payment. Every year the landholders were required to provide a report stating what 
management actions were undertaken, what outcomes were delivered, and assess them against 
the landholders’ commitments (i.e. an input-based payment approach). In addition to the annual 
reports, officers from the Department of Sustainability and Environment undertook site visits 
in order to monitor progress. 

Bushtender employed a metric known as the Biodiversity Benefit Index (BBI), which was 
calculated in a similar way to habitat ‘gain’ under the aforementioned native vegetation offsets 

scheme. The BBI (expressed as a score out of 100) was multiplied by the area of the proposed 
site to provide a score for each bid in terms of ‘habitat hectares’ (Figure 8). 

 

Figure 8: Cumulative hectares under BushTender agreements and gain in habitat hectares 
2001-2012. Source: (DEPI 2014). 

 

4.3 Watershed-related markets (soil and water services) 

Capodaglio & Callegari (2018) assert that nearly 400 schemes involving watershed payments 
for ecosystem services are currently operating worldwide, making this one of the most 
developed ecosystem services markets in terms of economic value. However, they are not as 
common in Australia as biodiversity markets. Watershed-related markets often focus primarily 
on ensuring good water quality in water catchments. They fall into two main categories: 
compliance driven markets (generally using cap and trade) and voluntary participation markets, 
which may be driven by public payments or voluntary transactions. In this section, we will first 
look at compliance driven payments relating to water quality trading programs before 
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presenting two case studies relating to public payments and one relating to voluntary payments 
by a private company. 

4.3.1 Cap and trade: Water quality trading programs 

Most water quality trading programs have been developed in the USA, with a few in Australia 
(e.g. Hunter river salinity trading scheme), Canada and New Zealand (Selman et al. 2009). 
These programs operate by imposing a nutrient cap and allowing trading in order to minimise 
the cost of meeting the cap. For example, in New South Wales, the Environmental Protection 
Authority established a cap on salinity in the Hunter River.  

Two types of pollutions can be targeted by water quality trading programs: point sources, where 
pollutants reach streams through a specific entry point (e.g. pipes) and nonpoint sources, where 
the source of pollution is diffuse (e.g. agricultural land uses). The trade in credits can occur 
between regulated point sources or between point and nonpoint sources, or only between 
nonpoint sources. To start trading, a baseline needs to be established against which projects are 
measured (Selman et al. 2009), often involving a cut-off date after which new sources of 
pollution must purchase credits in order to pollute. Farmers are usually paid to implement best 
practice management (i.e. an input-based approach), such as exporting manure to nutrient-poor 
sites or on the implementation of no-till or conservation tillage to reduce phosphorus (Selman 
et al. 2009). 

The NSW Hunter River Salinity Trading Scheme is an example of a compliance-based PES 
scheme that employs a cap-and-trade model and is aimed at point sources rather than diffuse 
sources (Selman, 2009). Major emitters of salt into the Hunter River system are required to 
hold permits, with polluters who reduce their emissions able to sell their excess permits. 
Notable features of the scheme include a variable cap that can be lowered during periods of 
low flow and the direct monitoring of saline inputs into the river system at point sources (NSW 
EPA, 2019). Another notable feature of the scheme is that it employs an outcome-based 
approach that measures each participant’s impact directly, rather than the input-based or 
activity-based payment approach used under most other PES schemes discussed so far.  

The experiences with salinity trading in NSW have limited direct relevance for carbon farming 
in the NSW rangelands due to the fact that carbon farming involves diffuse sources and the key 
issues are erosion and dryland salinity rather than river salinity. However, it does highlight how 
payments can be linked to outcomes rather than activities where adequate monitoring of 
outcomes is possible and where key actors have sufficient control over the factors contributing 
to these outcomes (e.g. a direct link between on-site management practices and amount of 
saline discharge into a river). 

4.3.2 Public payments for watershed protection 

In this section, we present two cases of public payments schemes overseas, the New York City 
Watershed program (4.3.2.1) and the Payment for Hydro Services in Mexico (4.3.2.2). 

4.3.2.1 New York City watershed protection scheme 

Several cities in the USA have chosen to encourage watershed protection rather than to invest 
in filtration plants to ensure water quality (Mercer et al. 2011), notably New York City, Boston, 
Portland and Seattle. The example of New York City became iconic and it is for this reason 
that we will focus on it here. The Catskill-Delaware watershed system provides 90% of the 
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water of the city of New York (Lin 2014). However, owing to changing in agricultural practices 
and the increase in toxic land use, concerns regarding the quality of the water have been raised 
since the 1980s. In order to avoid the construction of an expensive water treatment plant, the 
city of New York decided to develop instead a watershed management program to comply with 
federal and state water quality standards (Lin 2014; Mercer et al. 2011). This program has 
mostly focused on providing technical and financial assistance landholders to implement best 
practice management in the agricultural and forestry sector of the catchment (with contract 
lengths of 10 to 15 years).  

The program involves a Planning and Implementation team visiting the farm and identifying 
potential sources of pollutants by looking at animal density, pathogen risk, phosphorus 
saturation etc. (Watershed Agricultural Council 2018). Pollutants may include pesticides, 
phosphorus, parasites, nutrients or sediments. Best management practices are then identified to 
prevent these pollutants entering streams or groundwater., such as replacing animal waste 
storage, developing mixing/loading areas, fertilizer storage, riparian buffers and fencing 
riparian areas to exclude cattle from streams (Watershed Agricultural Council 2018). Once the 
potential sources of pollutants and best management practices are identified, a whole of farm 
plan is established. Forest owners (> 10 acres) can receive free technical assistance to 
implement better forest management in order to reduce the risk of contamination of water by 
pesticides for example. Finally, landholders can sell conservation easements to the City of New 
York. 

4.3.2.2 Mexico PSA-H scheme 

Mexico’s payments for hydrological services program (PSA-H) started in 2003 and stemmed 
from an observation that Mexico had been experiencing a high level of deforestation affecting 
biodiversity and hydrological services (Alix-Garcia et al. 2009). The aim of the program was 
to encourage landholders (whether individual or communal landholders) to avoid deforestation 
on their lands thereby protecting water quality (Alix-Garcia et al. 2009). The program initially 
planned to target properties such as ejidos and communidades in priority watersheds (Alix-
Garcia et al. 2009). Priority watersheds were defined as overexploited watersheds serving large 
populations. Other criteria considered were forest cover, property rights, ecosystem types, high 
deforestation risk and marginalisation. However, the targets progressively changed, extending 
from  overexploited watersheds, to a national context, including private property in addition to 
ejidos and communidades. Finally, some criteria were suppressed (marginalisation and 
deforestation risk) while others were added (priority mountains area, availability of satellite 
images and protected areas). Landholders would apply for contracts and their application would 
be assessed against the selection criteria. Once they were selected, landholders were entering a 
contractual agreement that was renewed every year provided they complied with the agreement 
the previous year (i.e. an input-based approach). Compliance was checked by randomly 
assessing properties through satellite imagery.  

As with most of other the schemes discussed so far, both the New York City and Mexico 
schemes involve input-based (or activity-based) payments that are linked to agreed actions 
rather than indicators of water quality running off a participant’s land. 

4.3.3 Private payment schemes for soil and water quality 

In this section, we present two cases involving voluntary payments by private stakeholders: the 
case of the bottled water brand, Vittel, in France; and two Australian cases: the Macquarie 
salinity credits trial in NSW and the emerging Reef Credits scheme in Queensland. 
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4.3.3.1 Private payments - Vittel (France) 

Vittel is a brand of bottled natural mineral water situated in the north east of France. In the 
1980s, the family owning the company realised that the increasing levels of nitrate and 
pesticides brought about by agricultural intensification, including overstocking and fertilisers 
leaching from cornfields, could lead to a decrease in water quality (Perrot-Maître 2006). After 
examining various options, it was agreed that encouraging farmers to voluntarily modify their 
practices was the preferred course of action. To do so, a baseline was established and a set of 
practices that would need to be modified to improve the water quality in the Vittel catchment 
were identified, through farm modelling and on-farm testing (Perrot-Maître 2006). These 
practices are as follows: 1. Stop using corn to feed animals; 2. Transition to extensive grazing 
with pasture management; 3. Reduce stocking densities; 4. Make compost out of animal waste 
and apply it optimally on the farm; 5. Stop using agrochemicals; 6. Balance animal rations in 
order to achieve optimal milk production and farm viability, and 7. Install optimal waste 
management.  

Farmers who agreed to participate in this scheme entered into 18-30 year contracts. During the 
first five years of the contract, farmers received a subsidy 200 euros per hectare and per year, 
as well as up to 150,000 euros to buy new equipment and modernise the farm, free labour to 
apply compost and free technical assistance (Perrot-Maître 2006). Regarding compliance and 
monitoring, Agrivair (a body created by Vittel) monitors farming practices and stocking 
densities (Perrot-Maître 2006). 

4.3.3.2 Private payments – Macquarie salinity credits trial (NSW) 

A historical Australian example of a PES scheme involving voluntary private payments is the 
salinity credits trial in the Macquarie River catchment of NSW in the early 2000s. This trial 
involved an irrigators’ group, Macquarie River Food and Fibre Association (MRFFA), paying 

State Forests (a government-owned corporation) for salinity control services provided through 
plantation establishment in upstream groundwater recharge areas. provided by 100 ha of 
planted forest. With regards to metrics, Walsh et al. (n.d.) state that, while payment would have 
‘ideally’ be based on the net reduction in recharge due to the planted forest (i.e. an outcome-
based metric), payments were instead based on the estimated transpiration rate of the planted 
forest (a proxy), as measurement of the actual water use of both the forest and the prior 
vegetation under the previous land use would incur ‘high compliance costs’. 

4.3.3.3 Private payments - Reef Credit scheme (Queensland) 

The Reef Credit scheme is a recently developed PES scheme aimed at attracting voluntary 
payments from stakeholders who value the ecosystem services provided by the Great Barrier 
Reef (e.g. tourism, fishing, aesthetics) to pay landholders to reduce nutrient and sediment flows 
onto the reef. As with most other schemes discussed, the Reef Credit Scheme will employ an 
input-based or activity-based approach, with landholders having to comply with an approved 
methodology (yet to be developed at the time of writing) in order to be issued with Reef Credits 
that they can sell into voluntary markets as well as potentially into compliance-based markets 
in the future (Reef Credit Secretariat, 2019). 

The Reef Credit scheme has limited direct relevance for NSW, as it is not in the reef catchment. 
However, it highlights how private funds could potentially be harnessed to support land 
management practices that reduce erosion and nutrient flows, potentially including carbon 
farming. 
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4.4 Bundling of ecosystem services  

Bundling approaches to ecosystem service delivery involve recognising the  synergies and 
trade-offs that can occur between different ecosystem services in space and time (Raudsepp-
Hearne et al. 2010).  Interventions around one service (e.g. provisioning or cultural services) 
can impact the supply and use of other services (e.g., regulating services) and change the 
expression of the whole ES bundle (Vannier et al. 2019). In this section we consider attempts 
to bundle carbon sequestration with other ecosystem services, as well as attempts to bundle 
non-carbon-related services with one another. 

4.4.1 Carbon markets that bundle other co-benefits 

Government-operated carbon market schemes such as Australia’s ERF and the EU Emissions 
Trading Scheme tend to have a narrow focus on greenhouse gas emissions (sequestered 
carbon) in terms of what is quantified and traded. This stems from their origins in the 
UNFCCC and Kyoto Protocol and their role in delivering on commitments under the Paris 
Agreement, all of which have a singular focus on greenhouse gas emissions. Voluntary 
carbon markets are where co-benefits have been considered more explicitly through the use 
of standards and measurement tools. As discussed in section 2, the Gold Standard and the 
Verified Carbon Standard are the two most relevant voluntary standards for Australia, as they 
have been granted eligibility under NCOS. Table 9 presents an overview of the co-benefits 
considered by these and other voluntary standards, including CCBA (Climate, Community 
and Biodiversity Alliance), SocialCarbon and Plan Vivo.  

 

Table 9: Co-benefits covered by leading voluntary carbon standards 

Scheme Co-benefits 
considered 

Metrics applied to co-benefits 

Gold 
Standard  

Biodiversity, soil 
health, clean water, 
social/cultural 
(hunger, education, 
health etc.) 

● Projects must contribute to at least two 
Sustainable Development Goals (SDG) other 
than climate action 

● Monitoring plan to be developed, with impact on 
at least one SDG quantified 

● No methodologies approved yet for reforestation 

● Soil tillage methodology requires ongoing 
evidence that ‘measures are taken to prevent soil 

erosion’ (but no quantification of erosion benefit 

is required) 

Verified 
Carbon 
Standard  

Biodiversity, 
social/cultural 
(supporting local 
communities, 
reducing poverty) 

 

● No direct requirements to deliver co-benefits 

● No direct measurement of co-benefits 

● Verified Carbon Units can be linked to other 
certification schemes such as CCBA and Social 
Carbon 
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Scheme Co-benefits 
considered 

Metrics applied to co-benefits 

CCBA  Biodiversity, 
social/cultural (land 
rights, workers' 
rights, community 
development) 

● Standards require proponents to outline their 
own methodology and to select indicators 

● Proponents must outline ‘without-project’ and 

‘with-project’ scenarios 

● Assessment Manual provides guidance on 
factors to consider and suggested indicators (e.g. 
no. of trees planted, no. of hectares preserved, 
no. of women on project committee etc.) 

● Certification is linked to preparation and 
implementation of methodology rather than 
delivery of specific outcomes 

Social 

Carbon 

Biodiversity, soil & 
water (classed as 
natural), cultural 
(classed as human, 
financial & social) 

● Indicators must be selected or developed for six 
factors (Social, Human, Financial, Natural, 
Biodiversity and Carbon) 

● Six-point indicator model is used, with specific 
outcomes required to score points 

● Certification is linked to preparation and 
implementation of methodology rather than 
performance against six-point scales 

● Approved indicators for forest and REDD 
projects, including biodiversity, soil health and 
community benefit indicators. 

Plan Vivo Biodiversity, 
watershed (soil & 
water), cultural  

● Participants must be small-scale farmers with 
land rights 

● Indicators must be developed and monitored 

● Indicators may be directly or indirectly to 
ecosystem service (e.g. carrying out of 
prescribed actions) 

 

The main co-benefits considered under the voluntary standards shown in Table 9 are 
biodiversity and community development, although explicitly consider soil and water as well. 
Processes for measuring and monitoring these co-benefits are often vaguely defined, with 
proponents given flexibility in terms of which methods and indicators they choose to apply and 
operators of the standards exercising discretion as to whether a given carbon project meets the 
benchmark for achieving a co-benefit. The standards that go furthest in terms of specific 
procedures and indicators in Table 9 are the Climate, Community & Biodiversity Alliance 
(CCBA) and SocialCarbon. 

CCBA is made up of Conservation International, the Rainforest Alliance, the Wildlife 
Conservation Society and other partners, who have developed the Climate, Community & 
Biodiversity Standards to identify projects that contribute simultaneously to climate change 
mitigation, community development and biodiversity conservation (CCBA 2017). With 
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regards to biodiversity, the standards require proponents to ‘use appropriate methodologies to 
estimate changes in biodiversity, including assessment of predicted and actual, positive and 
negative, direct and indirect impacts, resulting from project activities’ (CCBA 2017, p. 43). In 
developing appropriate methodologies, the standards refer proponents to an earlier CCBA 
Social and Biodiversity Impact Assessment Manual (Richards and Panfil 2011), which includes 
suggested (but not compulsory) indicators for both biodiversity and community development. 
The manual includes ‘output indicators’ such as the number of trees planted, as well as ‘impact 

indicators’ such as the percentage increase in the population of an endangered species. 

Performance against these indicators does not directly influence certification of carbon credits 
or the price received for credits, with certification based instead of the preparation and 
implementation of an appropriate methodology (including regular monitoring of selected 
indicators). 

SocialCarbon uses a six factor framework (Social, Human, Financial, Natural, Biodiversity 
and Carbon), with a maximum score of six points possible for each indicator used for each 
factor. Indicators have been approved for various activities, including forest and REDD 
projects. As with CCBA, certification is based on implementation of a monitoring program 
rather than the scores obtained through that monitoring. Approved indicators relating to 
natural resources and biodiversity in forest projects include (SocialCarbon 2011): 

● Percentage of native ecosystems present and their connectivity (>50% and thoroughly 
interconnected = 6 points) 

● Level of land degradation (>50% of area degraded = 2 points, voluntary recovery of 
degraded areas outside project site = 6 points)  

● Level of ecological community degradation (totally degraded = 1 point, undisturbed = 
6 points) 

● Species of conservation interest (complete absence = 1 point, several species with 
populations stable or growing = 6 points) 

4.4.2 EcoTender (Victoria, Australia) 

EcoTender was a pilot program run by the Victorian government in 2005. It was similar to 
BushTender, but instead of focusing only on improving biodiversity values of native 
vegetation, it focused on providing a variety of positive environmental outcomes, such as better 
water quality, reduced erosion, increased carbon sequestration and native vegetation. The 
management activities that could be implemented included weed and pest control, fencing to 
control stock, planting of native vegetation and protection of gullies and wetlands. To 
participate landholders had to tender contracts. The selected contracts were those that provided 
the best environmental outcomes at the lowest cost, but a metric was required that weighed up 
very different environmental outcomes (e.g. biodiversity and erosion control) on a single scale. 

4.4.3 NSW Environmental Services Scheme 

In 2003, the NSW Government trialled a payment for ecosystem services program called the 
NSW Environmental Services Scheme (Grieve & Uebel 2003). The main objective of this 
scheme was to encourage landholders to implement practices enhancing multiple ecosystem 
services, such as carbon sequestration, reduced salinity, improved biodiversity, mitigation of 
acid sulphate soils and improvement of soil retention and water quality (Grieve & Uebel 2003). 
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Eight different management activities or land use changes were identified as having the 
potential to provide these six ecosystem services to different degrees: 1. Putting perennial 
pastures in place; 2. Improving the management of already existing perennial pastures; 3. 
Implementing commercial tree plantings; 4. Implementing environmental tree/shrub plantings; 
5. Regenerating native vegetation; 6. Putting saltbush in place; 7. Developing engineering to 
control runoff or drainage; 8. Reintroducing natural wetting or drying cycles in former wetlands 
or estuarine areas.  

Expression of interest in the program were assessed against various criteria, including the 
location of the land within priority areas, the extent and suitability of the land use changes, 
proposed management activities and the potential positive environmental outcomes that could 
result from these land use changes and activities (Grieve & Uebel 2003). If the expression of 
interest was accepted, landholders where then invited to put in a full proposal, which contained 
a property plan detailing the current and proposed land uses, financial information about the 
operation as well as a bid price. The applications were assessed against a composite 
Environmental Benefits Index. Successful applications were those that provided the most 
environmental benefits for the lowest asking price. Successful applicants then entered into a 
contract that contained scheduled land use changes, a timetable for the implementation of 
activities, payment schedules and provisions regarding monitoring and compliance (Grieve & 
Uebel 2003).  

The tools and metrics developed through the ESS were subsequently incorporated into a related 
PES scheme in NSW called SCaRPA (Site and Catchment Resource Planning and 
Assessment). This scheme considered factors such as salinity, land and soil, biodiversity 
(aquatic and terrestrial), carbon and cultural heritage (Summerell et al., 2011). A key tool 
employed was the Biodiversity Incentive Tool (BIT), with BIT scores determined on the basis 
on vegetation condition and connectivity to the surrounding landscape with the proposed 
management changes. This site-scale metric was complemented by catchment-scale modeling 
using a Biodiversity Forecasting Tool (BFT), which modelled how small site-scale changes 
influence the status of biodiversity at the catchment scale using a metric of Effective Habitat 
Area (EHA) based on both habitat condition and configuration. This model was explicitly 
designed to consider cumulative and non-linear impacts based on the notion that ‘the whole 

can be greater than the sum of its parts’ (Summerell et al., 2011). 

4.4.4 Ground cover incentive pilot program (NSW)  

The ground cover incentive program was part of the Enterprise Based Conservation (EBC) 
program of the WEST 2000 Plus Regional Partnership between the Australian federal 
government and the NSW government (Hacker et al., 2010). It operated as a pilot across three 
properties between 2004 and 2008 and was managed by the Western Catchment Management 
Authority (subsequently superseded by Western Local Land Services). One key element that 
sets this scheme apart from most others discussed here is that it employed outcome or 
performance-based payments, rather than payments based on inputs or activities undertaken. 
Participating landholders were paid based on the amount of ground cover on their properties 
relative to the rainfall conditions (including grasses, litter and cryptogamatic crusts). For 
example, for landholders to receive 100% of their payment, they would need to maintain 
ground cover of 40% in low-rainfall years (rainfall decile 6 or below), rising to a threshold of 
70% in years where rainfall was in the top decile based on long-term rainfall records.  
 
Other key features of the program included (Hacker et al., 2010): 
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• Pro rata payments were made (i.e. less than 100% of the full payment) where the 
required ground cover threshold was not achieved but it was determined that ground 
cover was higher than an expected value based on rainfall conditions. 

• A provision (never actually enacted) was included whereby the outcome-based 
payment system could be over-ridden in cases where stock numbers were reduced to 
less than 10% of normal levels (i.e. maximum payment would be made regardless of 
the level of cover). 

• The three participating properties were selected from a pool of ten bidders based on 
the amount of funding they required per unit of Biodiversity Benefit Index (calculated 
using a modified version of the index developed for the NSW Environmental Services 
Scheme). 

 
The key method used to estimate ground cover was a modified version of the step point 
method (Cunningham, 1962), which involved two observers on foot each recording data from 
a block of five contiguous transects annually on each monitoring site. 
 
4.4.5 Land Restoration Fund (Queensland) 

This Queensland Government scheme is highly relevant to rangelands and carbon farming but 
is preliminary in nature. The program is specifically aimed at maximising the delivery of co-
benefits from carbon farming. The initial funding round in 2018 was made up of two grants 
programs: Kickstarting the Market and Catalysing Action (Queensland Government, 2018).  

Kickstarting the Market involves funding pilot projects related to stakeholder engagement, 
analysis of business models and building understanding of carbon markets and carbon farming 
projects and risk management strategies. Catalysing Action focuses on ‘on-ground’ 

demonstration projects, such as strategic environmental plantings or regrowth. Projects are 
weighting more highly if they address specified priorities such as Great Barrier Reef protection, 
koala habitat or agricultural soil health, but the specific details of the metrics used to weigh up 
competing proposals have not been publicly released. Projects involving regrowth are also 
required to use a Regrowth Benefits Tool that produces scores for both estimated carbon and 
estimated biodiversity benefit (Queensland Government, 2018). 

Payments to the pilot and demonstration projects under the Land Restoration Fund will be 
based on the actions involved (i.e. input-based) rather than the outcomes achieved. However, 
it is possible the program will move towards more outcome-based (or performance-based) 
payment systems once it moves past the pilot/demonstration phase. 

4.4.6 Conservation Reserve Program (USA) 

The Conservation Reserve Program (CRP) was established in 1985 (Baylis et al. 2008; Börner 
et al. 2017; Ribaudo et al. 2001). Its main objective initially was to reduce soil erosion on 
erodible cropland areas, while secondary environmental objectives were to improve water 
quality, to reduce sedimentation and enhance biodiversity (Ribaudo et al. 2001). In 1990, a 
wider range of environmental benefits were added, including water quality and conservation 
priority areas (Ribaudo et al. 2001). An environmental benefit index was developed that has 
been progressively refined through the years (Hajkowicz et al. 2009; Ribaudo et al. 2001).  

The premise of the CRP is that agricultural land uses are generating negative externalities 
(Baylis et al. 2008). As a result landholders who want to participate to the program have to stop 
farming some of their land in order to establish permanent land cover in the form of grass or 
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trees for a period of 10 to 15 years. As many other programs presented here, the CRP employs 
a competitive reverse-auction whereby farmers have to describe the land benefits that their land 
use changes will generate and put forward a bid price (Baylis et al. 2008).  Proposals are ranked 
against the Environmental Benefits Index, which includes the following seven criteria, which 
each have different weights (Baylis et al. 2008; Hajkowicz, Collins & Cattaneo 2009): 

● Wildlife benefit (weight: 100) 

● Water quality benefits (weight: 100) 

● Erosion risk (weight: 100) 

● Enduring benefits – likelihood that practices remain once the contract expires - (weight: 
50) 

● Air quality benefits (weight: 35) 

● State or national conservation priority area (weight: 25) 

● Cost (weight: 150)  

 

4.4.7 Agri-environmental measures (EU) 

Agri-environmental measures emerged in Europe in 2000 at the time of the Agenda 2000 
reform of the Common Agricultural Policy (CAP), where the emphasis was put on the 
sustainability of agricultural land uses throughout Europe (Fraser 2016). Between the end of 
WW2 until the 1970s an emphasis was placed on modernising and increasing the productivity 
of European agriculture. However, this increase led to production surpluses. As the CAP was 
providing price support for agricultural commodities, it was, as a result supporting the surplus 
farm commodities. In order to counter this, a voluntary set-aside policy was introduced in 1988 
whereby farmers were paid to take some land out of production (Fraser 2016). In 1992, reforms 
of the CAP made set-aside compulsory and provided compensatory payments to farmers 
(Fraser 2016).  

The 2000 reforms to the CAP were the first to move beyond set-aside to consider policies that 
were meant to improve the sustainability of agricultural land uses in Europe (Fraser 2016). 
Indeed, the 2000 reform established financial support for farmers who were undertaking actions 
providing positive environmental outcomes (agri-environmental measures). These measures 
can be applied at a national, regional or local scale and can be adapted to the needs of a variety 
of farming and environmental systems throughout Europe. Their objectives are described by 
Baylis et al. (2008) as ‘nebulous’, as they are very broad and generic, such as protecting the 

biosphere or preserving landscape features. More specific objectives relate to water quality, 
water quantity, biodiversity, soil quality, soil erosion, landscape preservation, genetic diversity. 
The types of practices that can be implemented to reach these goals are varied. Some measures 
are related to the management of productive lands, such as input reduction, organic farming, 
extensification of livestock, conversion of croplands to grasslands and rotation measures, 
undersowing, cover crops, buffer strips, postponing mowing dates, rearing rare local breeds, 
maintaining existing sustainable and extensive farming systems and reducing water use 
(European Commission 2005). Other measures are related to the management of non-
productive lands, including setting aside land for environmental purposes, maintaining 
abandoned farmlands or woodlands, maintaining landscape features and public access. A 
number of these represent cultural services. 
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4.4.8 Pagos for Servicios Ambientales (Costa Rica) 

In the 1990s Costa Rica underwent a ‘regreening process’ after having suffered from 

deforestation. Various incentives were introduced to encourage landholders to avoid 
deforestation or reforest. These incentives were not successful but they facilitated the creation 
of the Pagos for Servicios Ambientales scheme (Porras et al. 2013). The scheme started in 1997 
when the Forest Law No, 7575 acknowledged that four ecosystem services were linked to 
forests (Pagiola 2008; Porras et al. 2013): carbon sequestration, biodiversity conservation, 
hydrological services and landscape beauty.  

The management activities that can be implemented by landholders are timber plantations, 
forest conservation, natural regeneration, sustainable forest management and agroforestry. 
Initially, contracts were allocated to landholders on a ‘first-come, first-served basis’. But 

progressively criteria were introduced to guide the process of selection of projects, using a 
matrix of priority weights based on factors such as where a project was situated (Porras et al. 
2013). Successful projects are paid a set amount by the FONAFIFO (organisation in charge of 
implementing and managing the program). Once landholders enter into an agreement with the 
FONAFIFO, ‘regentes forestales’ (technical facilitators) monitor landholders’ compliance with 
their agreement (Pagiola 2008; Porras et al. 2013). The FONAFIFO also sells the credits to 
different stakeholders, including the government, the private sector and international banks and 
bilateral agencies (Pagiola 2008; Porras et al. 2013). While the government uses tax revenues 
from fossil fuels to finance the program, the private sector and international banks also play a 
role. For example, hydrological services agreements were established with key water users (e.g. 
hydropower producers, water bottlers) and biodiversity services have been financed by loans 
from international banks and bilateral agencies, such as the World Bank, the German aid 
agency KfW and Conservation International. 

4.4.9 Land degradation neutrality (LDN) 

Land Degradation Neutrality (LDN) is a state whereby the amount and quality of land 
resources necessary to support ecosystem functions and services and enhance food security 
remain stable or increase within specified temporal and spatial scales and ecosystems. It aims 
to achieve no net loss (neutrality) of land-based natural capital, compared with an agreed 
baseline. Monitoring achievement of neutrality is based on quantifying the baseline and then 
assessing the balance between the area of ‘gains’ (significant positive changes/improvements) 
and area of ‘losses’ (significant negative changes/degradation) relative to the baseline, within 
each land type, at the end of LDN implementation. The scientific conceptual framework for 
LDN (Cowie et al 2018) specifies what to measure (the indicators) and how it is assessed (the 
metrics) as part of the LDN monitoring process.  The indicators are proxies for change in 
land-based natural capital:  

a) Land cover (land cover change); 

b) Land productivity (net primary productivity, NPP); and 

c) Carbon stocks (soil organic carbon, SOC). 

The associated metrics are quantified for each land type at the baseline setting period (prior to 
LDN implementation). To monitor achievement of LDN the metrics are quantified again, 
using the same methods used at baseline, during at least two intermediate monitoring points 
and at the end of LDN implementation. 
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The response hierarchy of Avoid > Reduce > Reverse land degradation articulates the 
priorities in planning LDN interventions at landscape scale, considering all land units of each 
land type and their interactions and ecological trajectories, so that LDN interventions can be 
optimized among those land units, in order to maintain or exceed no net loss, per land type 
(Orr et al 2017). 

The Global Mechanism of the UNCCD developed the LDN Fund, a global impact fund for 
profit-generating sustainable land management projects, launched in September 2015 to help 
operationalising the LDN idea. The fund is structured as a Public-Private Partnership to stop 
land degradation, generating financial returns through certified production, natural capital, 
and alternative uses of degraded lands (Green Climate Fund, 2019). The LDN Fund offers 
financing for the rehabilitation of degraded land and for sustainable business models on land 
undergoing or at risk of degradation. In addition to direct investments into larger scale 
projects, the Fund is also expected to work with financial intermediaries (UNCCD, 2018). 

Mirova, a private sector investment management firm affiliated of Natixis Investment 
Managers dedicated to responsible investing, manages the LDN Fund. The initiative is also 
backed by de-risking partners including the Government of Luxembourg, IDB Invest and the 
Global Environment Facility. In total, investors have announced commitments of over USD 
100 million out of a target of USD 300 million. As well the Green Climate Fund has 
shortlisted the LDN (presented by the AFD) as one of the concept projects to be funded in the 
future.  120 countries have so far joined the LND Target Setting Programme to define 
national baselines, targets and associated measures to achieve LDN by 2030. 

 

4.5 Implications for targeting and monitoring co-benefits of carbon farming in NSW 

Across the examples of market-based schemes covered in sections 4.2 to 4.4, a variety of 
ecosystem services, payment systems, implementation strategies and metrics are evident, as 
summarised in Table 10. Key differences between schemes include: 

● Ecosystem services covered: Biodiversity conservation is the main ecosystem service 
covered by the Australian market-based schemes reviewed. Watershed protection 
schemes are relevant where down-catchment users value high-quality water supply (e.g. 
New York, Costa Rica). There is a lack of schemes that focus specifically on soil health 
or cultural benefits, but these services have been considered in bundled schemes applied 
in the EU and USA and developed for voluntary carbon markets (CCBA and 
SocialCarbon). 

● Payment systems: Some programs established a reverse auction system in order to 
have the highest cost-effectiveness (e.g. Bushtender in Victoria, CRP in USA) while 
others offer flat rates (e.g. New York watershed program) and others allow markets 
with multiple buyers and sellers of credits to establish prices (e.g. NSW and Victorian 
offsets schemes, CCBA and SocialCarbon). Most schemes involved input-based 
payments except for the Hunter River salinity scheme and NSW ground cover incentive 
scheme, which used outcome-based payments. 

● Trade-offs: Some of the schemes evaluated allow ecosystem services be traded off 
against one another in a combined index (e.g. CRP in USA, EcoTender in Victoria), 
while others seek to promote multiple benefits simultaneously (e.g. CCBA). 
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● Location-based prioritisation: Targeting specific locations that provide (or have the 
potential to provide) higher levels of ecosystem services (e.g. native vegetation offsets 
in Victoria, CRP in USA) 

● Additionality: Most programs require some sort of baseline (or business as usual) 
scenario to be assessed in order to identify the additional services provided by the 
program (e.g. Victoria’s habitat hectares metric, CCBA).  

● Monitoring: All programs evaluated are input-based and assess compliance based on 
the implementation of agreed management activities, but some also require evidence 
that monitoring has been undertaken (e.g. CCBA, SocialCarbon). 

● Indicators: None of the schemes evaluated link payments directly to outcome-based 
indicators such as populations of threatened species, quality of water or increases in 
cultural benefits. 

 

Table 10: Indicators used to identify and monitor ecosystem services under selected schemes 

Scheme 
(jurisdiction) 

Ecosystem 
services targeted 

Input-
based or 
outcome-
based 

Metrics used 

Biodiversity 
offset scheme 
(NSW) 

Biodiversity Input-
based 

• Assumed/modelled impact of 
prescribed actions (e.g. grazing 
management, replanting) 

• Compliance with agreed 
management actions 

• Species or ecosystem credits 

Native 
vegetation 
offsets 
(Victoria) 

Biodiversity Input-
based 

• Assumed/modelled impact of 
prescribed actions (e.g. protection, 
maintenance, improvement) 

• Compliance with agreed 
management actions 

• Species or general credits 

• Site-specific gain and strategic value 
both considered 

Environmental 
Stewardship 
program 
(Australia) 

Biodiversity Input-
based 

• Targeted at priority ecosystems 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes) 
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Scheme 
(jurisdiction) 

Ecosystem 
services targeted 

Input-
based or 
outcome-
based 

Metrics used 

Nature Assist 
(Queensland) 

Biodiversity Input-
based 

• Sites selected based on strategic 
conservation value and connectivity 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes) 

Bushtender Biodiversity Input-
based 

• Biodiversity Benefits Index used to 
assess bids in reverse auction 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes) 

Hunter River 
Salinity 
Trading 
Scheme 

Water quality Outcome-
based 

• Saline inputs into river directly 
measured at point sources 

• Cap-and-trade approach employed 
involving major polluters 

New York City 
watershed 
program 
(USA) 

Water quality Input-
based 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes) 

PSA-H 
(Mexico) 

Water quality Input-
based 

• Overexploited catchments 
prioritised initially 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes) 

• Satellite imagery used to ensure 
compliance 

Vittel (France) Water quality Input-
based 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes) 

Reef Credits 
(Qld) 

Water quality 
(sediment and 
nutrients) 

Input-
based 

• Methods under development to 
define eligible actions that may 
attract payments 
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Scheme 
(jurisdiction) 

Ecosystem 
services targeted 

Input-
based or 
outcome-
based 

Metrics used 

CCBA Carbon, 
biodiversity, 
cultural 

Input-
based 

• Proponents outline their own 
methodology and indicators 

• Proponents must outline ‘without-
project’ and ‘with-project’ scenarios 

• Suggested indicators include no. of 
trees planted, no. of hectares 
preserved, no. of women on project 
committee etc. 

• Certification is linked to preparation 
and implementation of methodology 
rather than delivery of specific 
outcomes 

Social 

Carbon 

Carbon, 
biodiversity, 
soil/water, cultural  

Input-
based 

• Indicators must be selected from 
approved list or developed 

• Specific outcomes required to 
achieve points in scoring model 

• Certification is linked to 
implementation of methodology 
rather than performance  

CRP (USA) Biodiversity, soil, 
water 

Input-
based 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes)  

• Environmental Benefits Index used 
to weigh up different benefits 

Agri- 
environmental 
scheme (EU) 

Soil, water, 
biodiversity, 
cultural  

Input-
based 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes)  

 

Pagos for 
Servicios 
Ambientales 
(Costa Rica) 

Carbon, 
biodiversity, water, 
cultural (aesthetics)  

Input-
based 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes)  

• Separate credits for each service 
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Scheme 
(jurisdiction) 

Ecosystem 
services targeted 

Input-
based or 
outcome-
based 

Metrics used 

NSW 
Environmental 
Services 
scheme 

Biodiversity, 
carbon, water 
quality, soil health 

Input-
based 

• Payment linked to agreed 
management actions (predicted to 
deliver desired outcomes)  

• Environmental Benefits Index used 
to weigh up different benefits 

Ground cover 
incentive 
scheme (NSW) 

Soil health, 
biodiversity 

Outcome-
based 

• Payment linked to ground cover % 
as measured through step point 
method 

Land 
Restoration 
Fund 
(Queensland) 

Biodiversity (at 
carbon farming 
sites) 

Input-
based 

• Pilot schemes aimed at 
understanding markets and 
demonstration projects 

• Future metrics and tools still to be 
determined 

 

4.5.1 Relevance to the NSW context 

Looking across the examples in Table 10, those that are most relevant for carbon farming in 
NSW are the schemes that focus primarily on biodiversity (especially the NSW Biodiversity 
Offsets Scheme) and voluntary carbon standards that consider biodiversity, soils and cultural 
benefits (e.g. CCBA and SocialCarbon). While the rules of the NSW Biodiversity Offsets 
Scheme require biodiversity offsets to be additional to other legal requirements for managing 
land, agreed management actions for the purposes of creating carbon credits are not considered 
to be ‘legal requirements’ under the scheme, meaning that ‘the same site can potentially 
generate both biodiversity credits and carbon credits through the same management actions’ 

(OEH 2014b, p. 12).  

In relation to voluntary certification, Torabi and Bekessy (2015) discuss the CCBA standards 
specifically and argue that a key advantage of a bundling approach that incorporates both 
carbon and biodiversity is that biodiversity monitoring could be incorporated into carbon 
monitoring processes, saving time and resources. However, they also highlight that standards 
for bundled carbon and biodiversity credits need to include appropriate management and 
monitoring practices for the Australian context and a lack of suitable standards at present is a 
major barrier to such a bundling approach. The CCBA Standards rely on a general assessment 
methodology from 2011 (Richards and Panfil 2011), while the approved indicators for forest 
projects under SocialCarbon also date from 2011. Neither CCBA nor SocialCarbon have 
indicators or guidelines that are specific to the Australian carbon farming context. 

In addition, it may also be possible to develop a bundled scheme that employs a multifunctional 
approach that weighs up multiple ecosystem services, such as the CRP in the USA - and indeed 
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NSW has trialled such an approach in the past under the NSW Environmental Services Scheme. 
Schemes that focus specifically on watershed protection for water quality purposes are unlikely 
to be successful in the NSW rangelands where much of the carbon farming is currently taking 
place, due to low rainfall levels and the lack of clear end users who would pay for enhanced 
water quality, which are present in the examples from New York (city water users), Costa Rica 
(hydroelectric plants) and France (Vittel). Market-based schemes that focus specifically on 
cultural services are not common, but the CCBA and SocialCarbon certification approaches 
demonstrate how cultural services may be incorporated alongside other co-benefits. 

4.5.2 Structuring of payments and targeting of desired services 

A key consideration for ecosystem service payment schemes is whether a flat rate or a 
differentiated payment should be used. In many programs/schemes, such as Pagos for Servicios 
Ambientales in Costa Rica or the EU Agri-environmental measures, flat rates are implemented. 
This means that landholders receive a set amount per hectare. This flat rate can be calculated 
considering different factors. In the case of Agri-environmental measures, per hectare rate is 
calculated by each member state based on the income forgone and the additional costs incurred 
by the changes in management activities (Baylis et al. 2008). In other programs, payments are 
differentiated. The ‘differentiation’ can be set by the individuals designing the program and 

can be based on various criteria, such as the quality of the ecosystem and its ability to provide 
ecosystem services, the opportunity costs incurred by participants or the use of time-based 
payments to encourage long-term conservation (Porras et al. 2013). Reverse auction processes 
allow for individual opportunity costs to be taken into consideration when potential participants 
put in their bids. 

The advantage of a flat rate system is that it incurs lower transaction costs and is often 
considered as more transparent and fair than differentiated payments (Baylis et al. 2008; Porras 
et al. 2013). However, differentiated payments are often considered as more cost-effective, 
particularly if there is variation in opportunity costs and quality of ecosystem services between 
participating landholders (Baylis et al. 2008). 

One method of targeting sites and projects that provide the optimum level of desired ecosystem 
services is through the development of an environmental benefit index or EBI (Hajkowicz, 
Collins & Cattaneo 2009). The examples of the US CRP and NSW Environmental Services 
Scheme demonstrate how an EBI can be used to weigh up different types of services relating 
to biodiversity, soil health, water quality and other factors. Indices can also be structured so as 
to place different weightings on local and regional-scale factors. For example, the Victorian 
habitat hectares metric incorporates a ‘landscape context’ component and the EBI used under 

the US CRP includes points based on whether the project is located in a ‘State or national 

conservation priority area’. 

4.5.3 Input-based and outcome-based approaches 

Most of the examples we have reviewed in this section employ an input-based (or activity-
based) approach that  links payments to agreed management actions. However, as shown by 
examples like the ground cover incentive pilot scheme and Hunter River Salinity Scheme (both 
in NSW), it is also possible to take an outcome-based (or performance-based) approach that 
monitors actual outcomes for ecosystem services rather than management activities, and pays 
landholders in accordance with these measured increases (Börner et al. 2017; Burton & 
Schwarz 2013; Porras et al. 2013; Williams et al. 2009). These types of payments have been 
given a variety of terms, such as ‘payments by results’, ‘result-oriented’, ‘success-oriented’, 
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‘objective-driven’, and ‘performance payment’ (Burton & Schwarz 2013). For example, if a 

scheme targets water quality, an outcome-based payment will pay landholders in accordance 
with the improvement in water quality that results from changes in practices. For input-based 
payments, landholders will be paid for having implemented practices that may improve water 
quality (e.g. planting trees on aquifers) or a proxy will be used that is considered as an 
indication of change in water quality (e.g. increase in forest land cover).  

These two payments types have advantages and disadvantages. Input-based payments are 
relatively easy and cheap to implement, as measuring actions is often more feasible than 
measuring outcomes (Baylis et al. 2008). In addition, this type of payment is often considered 
to be more acceptable to landholders. This is particularly the case if the provision of 
environmental benefits also depends on external factors where landholders might find it too 
risky to participate if their payments are based on factors outside their control (Börner et al. 
2017). 

While input-based approaches may be simpler to measure and less risky for landholders, 
outcome-based payments can often be more cost-effective (Burton & Schwarz 2013). This is 
particularly the case if the link between the management activities and the environmental 
outcomes are uncertain or if landholders possess the best knowledge around how to obtain the 
optimal results at the least cost (Börner et al. 2017). Outcome-based payments may be more 
attractive  in cases where it is more costly to monitor actions than outcomes, the effort needed 
to provide positive environmental outcomes is important, the participants have a low risk-
aversion and external factors (e.g. climate) do not have a strong influence on the ability of 
landholders to provide positive environmental outcomes  (Börner et al. 2017).  

While all of the programs/schemes we have reviewed involve input-based payment systems, 
some of them incorporate indicators that could potentially be used as part of an outcome-based 
approach to payments for ecosystem services. For example, the CCBA standards suggest the 
use of ‘impact indicators’ such as the percentage increase in the population of an endangered 

species, while SocialCarbon has approved indicators relating to the percentage of land that is 
degraded and whether populations of threatened species are increasing or stable (with the 
potential to measure changes in these values over time). The ‘habitat hectares’ metric used 

under the Victorian native vegetation offsets and BushTender schemes has the potential to be 
recorded at regular intervals, with changes in habitat quality linked to government payments or 
the number of offset credits generated. 

Smith et al. (2013) identify three main ways to monitor ecosystem services: direct 
measurements, modelling and proxies/indicators. The Forest Stewardship Council, in its 
‘Guidance for demonstrating ecosystem services impacts’, identify several methods that can 

be used to measure biodiversity conservation, watershed services and soil conservation (Forest 
Stewardship Council 2018). For biodiversity, they discuss the use of a forest integrity 
assessment tool, a forest intactness index, a method to calculate forest habitat fragmentation 
and forest habitat connectivity, a method to assess the area of intact forest landscapes,  some 
fauna species survey techniques and the use of remote sensing. For watershed services, they 
identify a stream visual assessment protocol and a method for measuring the contribution of a 
wetland site to water quality. For soil conservation services, they identify a visual soil 
assessment method, a line point transect forest cover and erosion assessment method and the 
UNCCD’s computation of land degradation neutrality. 

In Australia, there are a range of monitoring methods that could be drawn on to monitor 
different ecosystem services provided by carbon farming. Lindenmayer et al. (2012) outline a 
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cost-effective method to monitor the biodiversity outcomes of the Environmental Stewardship 
Program. Another monitoring method, called Landscape Function Analysis, has been 
developed to assess ecological functions, such as soil stability, water infiltration and nutrient 
cycling  (Munro et al. 2012; Tongway & Hindley 2004). In the rangelands specifically, the 
AusPlots-Rangelands (White et al. 2012) ACRIS (Australian Collaborative Rangelands 
Information Systems) projects aim to improving biodiversity monitoring in the rangelands 
(Day 2007).  

4.6 Synthesis  

In section 4, we have provided an overview of the markets that currently exist (or have 
previously existed) for services that are related to land use, land use change and forestry. We 
identified markets that focus specifically on one service (biodiversity or watershed protection), 
as well as markets that focus on a bundle of ecosystem services, such as the Pagos for Servicios 
Ambientales in Costa Rica, the Conservation Reserve Program in USA or the Agri-
environmental measures in Europe. We identified markets that are driven by compliance, 
markets that are based on public payments as well as voluntary markets.  

Key questions that arise from this review of market-based approaches for NSW policymakers 
seeking to apply market-based approaches to the co-benefits of carbon farming in NSW 
include: 

● Should the focus be on existing schemes such as the NSW Biodiversity Offsets Scheme 
and voluntary certification (e.g. CCBA and SocialCarbon) or will new schemes be 
developed specifically for this context? 

● Which ecosystem services should be prioritised in the NSW context?  

● Should NSW schemes target a single service or a bundle of services? 

● Should NSW schemes rely on input-based approaches as it common for the schemes 
we have reviewed or should they attempt to employ outcome-based approaches? 

● To what extent should regional-scale site prioritisation be incorporated into any metrics 
used to incentivise the delivery of ecosystem services? 

We have attempted to provide guidance on addressing these questions in section 4.5. In section 
5, the final section of this report, we consider the market-based approaches reviewed here 
alongside the literature on co-benefits reviewed in section 3 in order to assess the key 
implications for valuing, incentivising and measuring the potential co-benefits of carbon 
farming in NSW. 

 

5 Pathways forward - co-benefits from carbon farming in NSW 

Across sections 3 and 4, a wide range of different tools and frameworks have been discussed 
in relation to the co-benefits of carbon farming. In the review of co-benefit studies in section 
3, the most common tools and metrics identified were stakeholder analysis (e.g. to identify 
perceived co-benefits), guidelines for maximising or optimising co-benefits, and prioritisation 
approaches to direct carbon farming to areas of greatest benefit. In the review of market-based 
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approaches in section 4, the most common tool utilised by such schemes were management 
guidelines or agreed actions that were predicted to enhance ecosystem services. Some schemes 
also utilised site prioritisation approaches (e.g. US CRP, Victorian habitat hectares metric), 
multifunctional indices (e.g. US CRP, NSW Environmental Services Scheme) and stakeholder 
engagement (e.g. CCBA, SocialCarbon). Under the schemes we reviewed, payments were not 
linked to the measurement of direct on-ground outcomes or to proxy indicators that were 
measured after the establishment of projects. However, some schemes did recommend that 
such indicators be measured be made as part of ongoing monitoring programs (CCBA, 
SocialCarbon, EU Agri-environmental schemes). 

The applicability and value of the different tools reviewed in sections 3 and 4 depends on the 
aims of policymakers (Figure 9). These aims can vary, from developing simple support 
schemes to help landholders manage their land or engage with existing schemes, to developing 
entirely new schemes with complex metrics such as multifunctional indices or outcome-based 
payment systems. Scientific objectives may also help to support policy decision-making, such 
as verifying that carbon farming is indeed delivering co-benefits on a state-wide or national 
scale or improving our understanding of the relationships between management actions, 
indicators and on-ground outcomes. These different aims and the tools most relevant to them 
are discussed further in sections 5.1 to 5.3. 

 

Figure 9: Co-benefits tools and metrics matched to different policy aims and purposes. The 
width of the arrows indicates the relative importance of each tool to the desired aim/purpose. 

 

5.1 Decision support for landholders 

This report forms part of a broader project aimed at developing decision support tools for 
landholders to enhance carbon farming opportunities. Social research undertaken with 
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landholders has identified that co-benefits are often important motivators for landholders to 
engage in carbon farming, particularly in relation to biodiversity (Torabi et al. 2015), soil 
condition (Kragt et al. 2017) and connection to land for Indigenous Australians (Robinson et 
al. 2016). In cases like this where landholders derive private benefits from carbon farming, 
decision support from government may simply involve providing information on how to 
maximise these co-benefits. Guidelines are a key component of this and could draw on the 
advice provided by researchers such as Cunningham et al. (2015) and Filoso et al. (2017), as 
well as the methodologies outlined in carbon standards such as CCBA and SocialCarbon.  

Prioritisation approaches may also be useful for providing landholders with guidance on 
where carbon farming could be located to maximise co-benefits. These could include maps 
outlining ecosystems with less than 30% of their original vegetation remaining (Carwardine 
et al. 2015; Robinson et al. 2016), biodiversity refugia under future climate change scenarios 
(Gill et al. 2016), priority areas based on the number of species occurring and their relative 
rarity (Moran-Ordonez et al. 2017), or priority sites based on complementarity, connectivity 
and representation (Bryan et al. 2014). Mapping tools used under existing market-based 
schemes could also be useful for this purpose, such as the maps used to generate landscape 
context scores for vegetation under Victoria’s habitat hectares metric. Section 3.4 also 
outlined a wide variety of spatial data sources that could be used to prioritise areas for carbon 
farming that is associated with co-benefits for biodiversity and soils. 

While most of the prioritisation approaches discussed in the report relate to biodiversity, it is 
also possible to employ such approaches for soil health. For example, the Economics of Land 
Degradation (ELD) initiative has employed NDVI satellite data for this purpose. The ELD is 
a comprehensive assessment of land degradation that looks both at the costs of failing to 
prevent further land degradation, and at the economic benefits of addressing it through 
sustainable land management policies. ELD has used NDVI as a proxy indicator of long-term 
biomass productivity decline to map land degradation hotspots. Remote sensing derived 
NDVI as proxy of biomass productivity presents context-based confounding factors, which 
are addressed through the workflow presented in Figure 10. 
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Figure 10: Biomass productivity-based assessment using NDVI. From: Le et al., (2016)  

 

Another form of decision support is to connect landholders with existing schemes for earning 
payments for carbon or other ecosystem services on their properties. In NSW, the most relevant 
schemes are the NSW Biodiversity Offsets Scheme, which allows both biodiversity and carbon 
credits to be generated through the same actions on the same site (OEH 2014b, p. 12), and 
voluntary carbon standards such as CCBA and SocialCarbon. Each of these schemes are input-
based, meaning that tools that provide guidance on appropriate actions are likely to be of most 
value to landholders. Regarding CCBA and SocialCarbon, government could provide 
assistance in the form of developing new methodologies that are specific to NSW occurring on 
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regenerated sites and soil indicators measured through on-ground tools such as Landscape 
Function Analysis (Munro et al. 2012; Tongway & Hindley 2004). 

 

5.2 Development of new schemes (or adaptation of existing schemes) 

If the intention of policymakers is to develop new market-based schemes to incentivise the 
delivery of carbon farming co-benefits, one option is to develop include a multifunctional 
auction-based approach for directing limited government funds to competing projects. This 
could operate in a similar manner to the US CRP and employ an Environmental Benefits Index 
that includes carbon, biodiversity and soil health. Cultural benefits are more difficult to weigh 
up against these environmental factors, but could be included. Weightings could be applied to 
landscape context, as under the US CRP and Victorian habitat hectares metric. This could 
potentially be developed through adaptation of the Emissions Reduction Fund, which also uses 
an auction approach, but this would require cooperation from the Australian Government and 
could reduce the effectiveness of the ERF is delivering its stated objective of lowest-cost 
carbon abatement.  

Other option is the development of a land-specific scheme to complement the ERF (carbon) 
and NSW Biodiversity Offsets Scheme (biodiversity). Such a scheme could employ an auction-
based approach similar to the ERF and US CRP or it could involve trading between landholders 
willing to restore soils and developers wishing to degrade them (i.e. an offsetting approach 
similar to NSW Biodiversity Offsets Scheme). However, researchers exploring the use of such 
offset schemes to combat land degradation globally have cautioned against their potential to 
legitimise soil degradation practices (Orr et al., 2017). 

If a new or adapted market-based scheme was to be adopted in the NSW context, it would 
most likely employ an input-based payment approach, as this by far the most common 
approach reviewed in section 4. As such, guidance on appropriate management actions would 
be a key tool, along with multifunctional indices (if a bundled approach is taken) and 
stakeholder analysis (to identify motivations, barriers and costs). As noted in section 3, 
Kapambwe and Keenan (2009) and Robinson et al. (2016) argue that new or improved 
standards are required to ensure that carbon sequestration plantings deliver biodiversity 
outcomes. Spatial prioritisation approaches could also be useful as a factor in multifunctional 
indices.  

Outcome-based approaches may be appropriate in cases where actions are more costly to 
monitor than outcomes, where participants have a low risk-aversion and external factors (e.g. 
climate) do not have a strong influence on the ability of landholders to provide positive 
environmental outcomes  (Börner et al. 2017). The NSW rangelands may perform well on the 
first of these three criteria, as they are large remote areas where remote sensing data may be 
cheaper than site visits. However, external factors such as fire and climate do have a strong 
influence on landholders ability to provide ecosystem services in this context (Nolan et al. 
2018; Nolan et al. 2019). Landholder risk aversion and preferences regarding input-based and 
outcome-based payment systems requires further evaluation and is likely to vary between 
different contexts. 
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5.3 Enhancing scientific understanding of co-benefits 

A lack of scientific knowledge about the impacts of carbon farming on biodiversity, soil health 
and water quality is key barrier to the effective delivery of co-benefits from carbon farming 
(Evans 2018). From a policy perspective, further scientific research into co-benefits could 
verify government assertions that carbon farming is able to deliver co-benefits on a state-wide 
or national scale (e.g. Clean Energy Regulator 2018). Improved understanding of the link 
between on-ground actions and outcomes for biodiversity and soils could also help to improve 
the guidance and prescribed management actions provided to landholders as part of market-
based approaches. Improved understanding of indicators could help to reduce monitoring costs 
by allowing proxies to be measured remotely (e.g. greenness or vegetation fraction indices) 
rather than on-ground. 

Regarding the use of remote sensing data, previous work on biodiversity refugia in western 
NSW (Gill et al. 2014) identified woody vegetation extent and green cover fraction as 
important indicators of potential refuge sites under climate change. The authors note that this 
data would need to be combined with modelling and expert knowledge before refugia could 
be prioritised. Dean et al. (2015) utilised synthetic aperture radar data to measure biomass 
levels and noted that LANDSAT could be used to measure vertical foliage distribution in 
rangelands. As discussed in section 3.4, this could potentially be used to create an index of 
structural complexity, which has been linked to biodiversity factors such as nesting, perching, 
shelter and seedling establishment in forested ecosystems (Lindenmayer & Hobbs 2004; 
Munro et al. 2009; Paul et al. 2016). Further research could help to evaluate the efficacy of 
such an indicator in predicting on-ground biodiversity outcomes.  

The diverse range of remote sensing projects and tools presented in section 3.4 (Table 7) 
illustrate the potential for future prioritisation and monitoring approaches to be employed 
around carbon farming in Australia. These tools could potentially be drawn on to develop 
indicators for biodiversity and soil health at NSW carbon farming sites. The TERN Auscover 
and TERN Landscape projects in particular offer a rich source of data layers that could be 
used to prioritise sites where carbon farming could be targeted to enhance biodiversity and 
soil health or to measure the outcomes of carbon farming in relation to these co-benefits. 
However, as noted in section 3.4, these tools have not been developed specifically for carbon 
farming, do not represent ‘off-the-shelf’ solutions for assessing biodiversity or soil outcomes 

at carbon farming sites and would require further input from experts or empirical data in 
order to refine and validate them. Cultural benefits are also unlikely to be able to be  
measured  effectively using remote sensing data, with stakeholder  analysis offering the 
greatest potential to measure cultural co-benefits of carbon farming.
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5.4 Conclusions 

This report has outlined a diverse range of tools and metrics that could applied to co-benefits 
of carbon farming in NSW. These tools have been identified from previous studies into carbon 
farming in Australia and elsewhere, from existing market-based schemes used to promote a 
variety of ecosystem services, and from projects or initiatives that were not developed 
specifically for carbon farming but offer ways of measuring, prioritising and/or targeting 
ecosystem services such as biodiversity and soil health. 

Some of the key insights that have arisen from this review include: 

• Biodiversity, soil health and Indigenous cultural services are the main co-benefits that 
have been identified for carbon farming in Australia 

• There is a lack of empirical evidence that carbon farming has delivered co-benefits in 
Australia to date  

• There is a lack of readily-available indicators that can be used as proxies for the delivery 
of co-benefits 

• Guidance is available from previous research into regeneration and revegetation in 
relation to design and management strategies to maximise biodiversity, soil and water 
quality outcomes 

• Most of the tools that have been developed for existing market-based ecosystem 
services schemes focus on the measurement of key inputs (e.g. management practices) 
and trade-offs between different services (e.g. Environmental Benefit Indices), but 
some schemes use indicators that can be linked to outcomes (e.g. on-ground 
measurement of key habitat features) 

• The main use of spatial data around carbon farming co-benefits to date has been to 
prioritise certain areas where carbon farming could be directed 

• There is a wide range of spatial data tools that have been developed in contexts other 
than carbon farming that could be used to develop indicators related to biodiversity and 
soil outcomes 

• Cultural services are more difficult to target with market-based schemes and indicators 
based on remote sensing data than biodiversity and soil health, but cultural benefits can 
be included in multifunctional market-based schemes and measured through 
stakeholder analysis 

Going forward, the selection of tools and metrics for the NSW carbon farming context depends 
on the aims and objectives set by policy-makers. Providing generalised decision support to 
landholders and assistance to help them engage with existing market-based schemes represents 
a relatively low-cost option. However, this also presents risks that co-benefits may not actually 
be achieved due to the widespread uncertainty around the links between management and 
design practices and outcomes for biodiversity and soils (Evans 2018). Developing new 
market-based schemes is a more complex and costly option, but could help to address the 
current lack of market-based options for promoting soil health in NSW. This option also has 
the potential to reform the ERF into a multifunctional scheme rather than one that is solely 
focused on carbon. Scientific research into the links between actions, indicators and outcomes 
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has the potential to improve decision support systems for landholders and could enhance the 
effectiveness of market-based approaches in future. Whichever of these policy aims and 
objectives are set for NSW, a range of different tools and metrics are available to be drawn on 
in order to assess, facilitate and incentivise the delivery of carbon farming co-benefits in NSW. 
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Appendix A: Recent studies that may inform an identification of  co-benefits of carbon farming in Australia 

Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Wentworth 
Group of 
Concerned 
Scientists  2011 

Australia-
wide 

Avoided 
deforestation 
and 
reforestation 

 
Habitat for 
biodiversity 
(including 
riparian and 
critical 
habitats) 

  
Theorised from previous 
studies 

Robinson et al. 
2011 
 

Indigenous 
land – 
Australia-
wide 

Environmental 
plantings, 
savanna 
burning 

   Co-benefits 
support 
Aboriginal 
and Torres 
Strait 
Islander 
peoples’ 

interests, 
values, 
assets and 
priorities 

Devised indicators to 
measure carbon farming 
impact on Indigenous 
value, assets and 
priorities  
 

George et al. 
2012 

Western 
Australian 
wheatbelt 

Mallee 
plantings, 
environmental 
plantings 

Hydrology 
(salinity 
mitigation) 
 

Habitat for 
biodiversity 

Fuel 
 

Theorised from previous 
studies 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Bradshaw et al. 
2013 

Australia-
wide 

Environmental 
plantings, 
savanna 
burning 

Soil & 
water 
(water 
quality, 
salinity 
mitigation, 
sediment 
and nutrient 
flows) 

Habitat for 
biodiversity 
 

  Theorised from previous 
studies 
 

Bryan et al. 
2014 

High to 
medium 
rainfall 
zone 

Environmental 
plantings, 
carbon 
plantings 
(monocultures) 

 
Habitat for 
biodiversity 

  
Theorised from previous 
studies, modelled using 
a prioritisation approach 
based on connectivity 
and complementary of 
species/ecosystem type 

Butler et al. 
2014 

Queensland 
& NSW – 
diverse 
biomes 

Diverse – HIR 
avoided 
deforestation, 
environmental 
plantings, farm 
forestry etc. 

Hydrology 
(salinity 
mitigation) 

Water 
quality 
(reduced 
sediment 
load) 

Habitat for 
biodiversity 

  
Theorised from previous 
studies 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Standish & 
Hulvey 2014 

High to 
medium 
rainfall 
zone 

Environmental 
plantings 

 
Habitat for 
biodiversity 

  
Theorised from previous 
studies 

Walsh et al. 
2014 

Northern 
Australia 

Savanna fire 
management 

  
Improved access 
for 
hunting/harvesting, 
reduced mustering 
costs and land 
condition 
improvement 

Indigenous 
hunting 
access 

Theorised from previous 
studies 

Renwick et al. 
2014 

Indigenous 
land – 
Australia-
wide 

Environmental 
plantings 

 Habitat for 
biodiversity 

 Indigenous 
land 
management 
 

Used Polglase et al. 
(2013) and measured 
the potential carbon that 
could be sequestered by 
growing environmental 
tree plantings. 
 

Carwardine et 
al. 2015 

Australia - 
high to 
medium 
rainfall 
zone 

Environmental 
plantings 

 
Habitat for 
biodiversity 

  
Modelled using a 
prioritisation approach 
based on areas with 
<30% remnant 
vegetation 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Cunningham et 
al. 2015 

Eastern 
Australia 

Reforestation Water 
quality 

Nutrient 
cycling 

Habitat for 
biodiversity 

Water yield  Theorised from previous 
studies. Outlined 
conceptual model for 
balancing carbon, 
biodiversity and water 
outcomes. 

Evans et al. 
2015 

Queensland 
– medium-
low rainfall  

Assisted 
regeneration, 
environmental 
plantings 

 
Habitat for 
biodiversity 

  
Modelled using 
economic model 

Russell-Smith 
et al. 2015 

NT national 
parks 

Savanna 
burning 

 Habitat for 
biodiversity 

  Modelled using GIS fire 
regime metrics 
assessment 
 

Dumbrell et al. 
2016 

Western 
Australian 
wheatbelt 

Environmental 
or mallee 
plantings, 
stubble 
retention, 
mulch, biochar, 
no-till cropping 

 
Maintaining 
soil health 
(reduced 
erosion & 
improved 
soil quality) 

  
Stakeholder 
perspectives 
(landholders) 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Kragt et al. 
2016 

Australia-
wide 

Environmental 
plantings, 
regeneration, 
stubble 
retention, no-
till cropping, 
permanent 
pastures 

 
Habitat for 
biodiversity 

 
Aesthetics Stakeholder 

perspectives (public 
willingness to pay for 
co-benefits) 

Torabi et al. 
2016 

Victoria – 
medium-
high 
rainfall  

Environmental 
plantings 

 
Habitat for 
biodiversity 

  
Stakeholder 
perspectives 
(landholders) 

Bryan et al. 
2016 

Australia – 
medium 
high 
rainfall 

Plantings 
(monocultures 
and mixed-
species)  

 
Habitat for 
biodiversity 
 

  
Modelled using 
economic model 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Doran-Browne 
et al. 2016 

Case study 
site - farm 
north of 
Canberra 

Environmental 
plantings 

Salinity Habitat for 
biodiversity 

Soil erosion 
control 

Livestock shelter  Case study approach 
using on-ground 
modelling to measure 
livestock (using 
GrassGro, a mechanistic 
model containing 
interacting modules for 
climate, soil dynamics, 
pasture growth and 
animal production) and 
soil and tree 
sequestration of carbon 
(using FullCAM). 

Robinson et al. 
2016 

Australia – 
various 
biomes 

Environmental 
plantings 

 
Habitat for 
biodiversity 
 

 
Indigenous 
land 
management 

Biodiversity: Direct 
measurement of area of 
carbon plantings (with 
assumption that benefit 
is greatest in areas with 
<30% remnant 
vegetation). 

Indigenous 
management: 
Stakeholder 
perspectives 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Paul et al. 2016 Temperate 
and tropical 
Australia 

Plantings 
(mixed-species 
& 
monocultures) 

 Habitat for 
biodiversity 

 

  Biodiversity potential 
index developed based 
on proportion of 
eucalypts and site width 

Moran-Ordonez 
et al. 2017 

Northern 
Australia – 
tropical 
savanna 

Savanna fire 
management 

 
Habitat for 
biodiversity 
 

 
Indigenous 
land 
management 

Biodiversity: Modelled 
priority locations (with 
assumption that benefit 
is greatest where rare 
species are present) 

Indigenous 
management: Theorised 
from previous studies 

Kragt et al. 
2017 

Western 
Australia 
wheatbelt 

Environmental 
plantings, tree 
belts, stubble 
retention, no-
till cropping 

 
Maintaining 
soil health 
(improved 
soil quality) 

Increased crop 
yield 

 
Stakeholder 
perspectives 
(landholders) 

Nolan et al. 
2018 

Rangelands 
(especially 
in NSW & 
QLD) 

Assisted 
regeneration, 
avoided 
deforestation 

Salinity 
mitigation 

Habitat for 
biodiversity 

Maintaining 
soil health 
(reduced 
erosion) 

  
Theorised from previous 
studies 
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Study authors Location 
and 
context 

Carbon 
farming 
practices 

Potential ecosystem services (beyond climate regulation) How have co-benefits 
been 
identified/measured? Regulating  Supporting Provisioning  Cultural 

Evans 2018 WA 
wheatbelt 
and 
NSW/QLD 
rangelands 

Assisted 
regeneration, 
avoided 
deforestation, 
environmental 
plantings 

 
Habitat for 
biodiversity 

Maintaining 
soil health 
(improved 
soil quality) 
 

Shelter for 
livestock 

 
Theorised from previous 
studies 

 

 

 

 



 

 
 

 


