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Chair’s foreword
Soils can store significant amounts of carbon globally. It is this capacity to store carbon that has
excited scientists and policy makers alike. The potential however for soil carbon sequestration – the
long term removal of carbon dioxide from the atmosphere into soils – to address climate change is
yet to be determined.
As part of this inquiry, the Committee was required to investigate the:
•

measurement of soil carbon sequestration;

•

benefits of soil carbon sequestration for agriculture and the environment;

•

costs and any possible detriments; and

•

policy context and options to support soil carbon sequestration.

The Committee concluded that a range of well recognised agricultural and environmental benefits
are associated with soil carbon sequestration, including improving soil health and agricultural
productivity, maintaining biodiversity and improving water quality. Progressive farmers are already
reaping the rewards of building carbon in the soil in Victoria.
However, the Committee also discovered that there are substantial challenges associated with
measuring soil carbon sequestration and that there are risks associated with participating in a
carbon trading scheme. Some management practices used to sequester soil carbon may have
adverse agricultural effects. The economic costs of soil carbon sequestration and the policy context
are also uncertain, not only in Victoria, but also throughout Australia and internationally. These
issues have made many farmers cautious about soil carbon sequestration. The Committee
concluded that there is a need for further research to fill important gaps in scientific knowledge.
On behalf of the Committee I would like to thank the many people who generously gave evidence at
public hearings, made written submissions to the inquiry and hosted site inspections. The Committee
drew heavily on this extensive expertise in compiling its report and developing its 15 recommendations.
I would like to thank my colleagues for their efforts in undertaking this technically complex and
challenging inquiry.
Finally I would like to thank the Secretariat staff for the high quality research and administrative
support throughout the inquiry, and in particular, the outstanding assistance provided by Tom
Holden.
I commend the report to the Parliament.

Hon John Pandazopoulos, MP
Chair
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Executive summary
Chapter 1:

Introduction

It has long been recognised that soil carbon plays an important role in soil health and agricultural
sustainability. However, the current drive to find ways to mitigate climate change has led to a
renewed interest in soil carbon, both worldwide and in Australia.
While strategies to mitigate climate change have generally focused on reducing emissions of
greenhouse gases into the atmosphere, existing levels of greenhouse gases in the atmosphere can
also be reduced by removing carbon dioxide and storing it in carbon sinks.
Soil carbon sequestration is the long-term removal of carbon dioxide from the atmosphere into soils.
While soil carbon sequestration can be undertaken on land used for a range of purposes, the focus
of research and debate on soil carbon sequestration is on agricultural land.
Agricultural land has the greatest potential to sequester soil carbon because agriculture has
depleted soil carbon levels. This is partly because, by definition, agriculture results in the removal of
carbon from the land in the form of agricultural products. At the same time, the Committee wishes to
acknowledge and emphasise the vital role of agriculture in producing food and fibre and ensuring
Australia’s food security.
Soil carbon sequestration is being advocated by some policy makers and scientists as an important
strategy to mitigate climate change. The sequestration of carbon in soil also has a range of potential
agricultural and environmental benefits, described as co-benefits.
Witnesses highlighted many uncertainties associated with the potential climate change, agricultural
and environmental benefits of soil carbon sequestration and were divided on the potential benefits of
soil carbon sequestration to land managers and farmers. Other key issues identified in submissions
and by witnesses to the inquiry included:
•

the significant challenges associated with measuring soil carbon sequestration;

•

the claims being made about the ability of some management practices to sequester soil carbon;

•

the potential conflicts between soil carbon sequestration and agricultural productivity;

•

the risks faced by land managers and farmers of participating in a carbon trading scheme or
alternative incentive mechanism established to encourage soil carbon sequestration; and

•

the economic costs of adopting land uses and management practices to sequester soil carbon.

Chapter 2:

The science of soil carbon

Soils are the third largest storage of carbon globally, storing about two and a half times the amount
of carbon as the atmosphere and almost three times the amount that vegetation stores.
While many aspects of soil carbon science are well understood, the renewed interest in soil carbon
due to concerns about climate change has highlighted some important gaps in scientific knowledge.
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Soil carbon occurs as two components – an organic component and an inorganic component. Only
the organic component, which is derived from matter such as plant leaves, roots and stems as well
as animal manure, is of relevance to soil carbon sequestration.
Soil carbon also occurs in a number of different forms, some of which are more stable, or resistant to
decomposition, than others. The most stable forms of soil carbon – humus and charcoal – are of
most interest in relation to soil carbon sequestration.
Soil carbon sequestration can occur in two main ways:
•

by increasing soil carbon levels and maintaining that increase; and

•

by converting organic matter that is easily decomposed into a form of carbon that is long-lived.

In order for soil carbon sequestration to occur, the rate of inputs of carbon to the soil must be greater
than the rate of outputs or losses of carbon, as carbon dioxide, from the soil. A range of factors
influence the inputs and losses of carbon to the soil, including: climate, and in particular temperature
and rainfall; soil types; and land uses and management practices.
Existing soil carbon levels in Australia are naturally low, except in some eastern regions. Soil carbon
levels are relatively high in Victoria compared with the other Australian states and territories.
However, currently there is little detailed information on existing soil carbon levels in Victoria.
Soil carbon sequestration can be achieved using a range of methods, which fall under three broad
categories: land use changes, such as the conversion of crop land to forests; management
practices, such as minimum tillage; and the addition of external sources of carbon to the land, such
as biochar.
The capacity of soils to sequester carbon is finite. As soils reach their maximum capacity, soil carbon
sequestration will slow and eventually plateau.
Climate change is likely to have a significant influence on soil carbon sequestration and will make it
more difficult to predict the sequestration potential of soils and the permanence of this sequestration.

Chapter 3:

Policy context

Gaps in scientific knowledge in relation to soil carbon sequestration have contributed to delays in the
development of international, national, state and regional legislative and policy frameworks.
Furthermore, there is currently significant policy uncertainty in relation to soil carbon sequestration
because a number of key policies that potentially apply to soil carbon sequestration do not currently
have legal status and their final design is uncertain, including the Australian Government’s proposed
Carbon Pollution Reduction Scheme (CPRS) as well as the Victorian Carbon Exchange.
Worldwide, there are few emissions reduction schemes that account for soil carbon sequestration
activities on agricultural lands. The Chicago Climate Exchange is an example of such a scheme
operating under the voluntary carbon market.
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Domestic policies for soil carbon sequestration are influenced by international policies, particularly
the Kyoto Protocol. Under the protocol, the Australian Government must account for changes in soil
carbon due to deforestation, afforestation and reforestation, but has chosen not to account for
changes in soil carbon on agricultural lands, due to concerns that natural events such as drought
and fire will cause overall losses of carbon from soils and thus result in a liability under the protocol.
If a land manager or farmer wishes to participate in a carbon market, it is likely that any soil carbon
sequestration activity will be required to meet a number of international offset principles. However
these principles, particularly the principles of additionality, permanence and measurability, may be
difficult to apply in practice.
Under the proposed CPRS, the agricultural sector would not be liable for its emissions. However, the
sector is able to voluntarily create offsets, of which only two types apply to soil carbon:
•

soil carbon sequestration due to reforestation, under the mandatory carbon market created by
the proposed CPRS, or the voluntary market; and

•

soil carbon sequestration on agricultural soils, under the voluntary carbon market.

The National Carbon Offset Standard (NCOS), established by the Australian Government, is
designed to facilitate the development of the voluntary carbon market in Australia. The NCOS allows
land managers and farmers to establish soil carbon sequestration projects on agricultural soils,
through the adoption of new management practices on crop land and grazing land and the use of
biochar. The NCOS does not establish measurement methodologies. Rather, offset proponents (for
example, farmers) are expected to develop methodologies in consultation with the government.
The Australian Government has also established three key programs relevant to soil carbon
sequestration. Caring for Our Country provides funds to encourage farmers to adopt management
practices that reduce the risk of soil erosion and increase soil carbon levels. The Soil Carbon
Research Program is a three year $20 million program focused on soil carbon sequestration, while
the Biochar Research Program is a three year $1.4 million program focused on biochar.
The Victorian Government has established and proposed a number of policies and programs that
relate to soil carbon sequestration. The Climate Change white paper proposes:
•

the establishment of a Victorian Carbon Exchange, which is designed to facilitate the
development of a voluntary carbon market in Victoria and allow farmers to establish offset
projects, including soil carbon sequestration projects;

•

the establishment of vegetation and soil carbon sequestration rights, which will give farmers the
rights to any economic benefits of carbon sequestration activities; and

•

allowing Crown land to be used for carbon sequestration purposes.

The Victorian Government is currently developing a Soil Health Strategy, which will address soil
carbon and set targets and investment priorities for soil health. The government has also established
the LandCarbon Project, which aims to improve the understanding of carbon stored in vegetation
and soils on public land in Victoria.
Victorian Catchment Management Authorities deliver a range of programs that provide funding to
land managers and farmers to improve soil health, which may incidentally sequester soil carbon.
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Chapter 4:

Measurement of soil carbon sequestration

In order for a land manager or farmer to participate in a carbon trading scheme or any alternative
incentive mechanism for soil carbon sequestration, the amount of soil carbon sequestered over a
given area and period of time must be estimated.
Soil carbon sequestration can be measured using a wide range of methods. Two key methods
currently in use are direct measurement and the use of models.
Many witnesses highlighted the difficulties of measuring soil carbon sequestration. While
technologies exist to accurately measure the amount of soil carbon in a soil sample, direct
measurement of soil carbon sequestration at a farm level poses a number of challenges because:
•

soil carbon levels often vary significantly across a small area (for example, a paddock) and with
soil depth, which means that many samples are required to accurately measure the amount of
soil carbon sequestered across a large area (for example, a farm); and

•

soil carbon levels are generally low in Australia and change slowly in response to the adoption of
land uses and management practices – this makes changes in soil carbon levels, and thus the
amount of soil carbon sequestered, difficult to determine.

Because direct measurement requires many soil samples to be taken, the current cost of
measurement is very high and may outweigh the financial benefits of participating in any carbon
trading scheme or alternative incentive mechanism.
Models used to predict soil carbon sequestration are currently only suitable for use across a narrow
range of climates, soil types, land uses and management practices used to sequester soil carbon in
Australia. Such models cannot, at present, be used accurately at a farm level.
While a number of alternative techniques are being developed that can measure soil carbon levels
without the need to take samples requiring analysis in a laboratory, these are currently at a research
stage and are unlikely to be available for wider application for a number of years.
The Committee was advised that the challenge for soil carbon measurement is to develop an
accurate methodologies that reduces the costs and time associated with measurement.

Chapter 5:

The benefits and adverse effects of soil carbon
sequestration

Climate change benefits
There is currently significant uncertainty and debate both worldwide and in Australia in relation to the
role of soil carbon sequestration as a strategy to mitigate climate change, including in relation to:
•

the total amount of carbon that soils can store;

•

the rate at which soils can sequester carbon; and

•

the permanence of the soil carbon sequestered.
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Witnesses were generally of the view that while soil carbon sequestration may have an important
role in climate change mitigation, it is only one of many strategies that should be undertaken.
The total amount of carbon that can theoretically be sequestered across all agricultural soils in
Victoria is currently unknown. While studies are limited, they suggest that crop lands in Victoria do
not have the potential to sequester large quantities of soil carbon.
Although studies indicate that soils are responsive to land uses and management practices that aim
to increase soil carbon levels, responses vary widely and there are still significant gaps in knowledge
in relation to soil carbon sequestration rates. The majority of studies have focused on a narrow
range of traditional management practices used to sequester soil carbon, and there is little
information on soil carbon sequestration rates under emerging management practices.
In many cases, soil carbon levels across Australia are declining under the traditional management
practices used to sequester soil carbon. However, the adoption of these practices has reduced the
rate of decline relative to the initial practice. This means that, at least in relation to the traditional
management practices, Australian soils may only have the potential to reduce losses of soil carbon,
relative to ‘business-as-usual’, rather than remove additional carbon from the atmosphere.
Some witnesses raised concerns about the claims being made in relation to the capacity of some of
the emerging management practices to sequester carbon, many of which have not been verified by
peer reviewed science. There is significant interest amongst sections of the agricultural community
in such emerging management practices.
The management practices used to sequester soil carbon can influence emissions of nitrous oxide
and methane from soils, which are significant greenhouse gases. Any increases in emissions of
these greenhouse gases could negate the climate change benefits of soil carbon sequestration.
Agricultural benefits
The agricultural benefits of soil carbon sequestration in terms of improvements to soil health are well
established. However, the agricultural benefits at any one location will be likely to depend on a range
of factors such as climate, soil type, land use history and management practices. Furthermore, the
nature and extent of the agricultural benefits associated with some management practices used to
sequester soil carbon is unclear, while some practices may have adverse effects.
Many witnesses raised concerns that land use changes, (such as the conversion of agricultural land
to forests), which occur as a result of the introduction of a carbon market, may have adverse effects,
particularly on food production and water resources. It was suggested that the Victorian Government
has a role in regulating a carbon market to minimise such adverse effects and maximise the
potential co-benefits of soil carbon sequestration.
Witnesses were also concerned that a carbon trading scheme or an alternative incentive mechanism
to encourage land managers and farmers to sequester soil carbon may reduce the ability of farmers
to alter farming practices in response to market conditions and climate change.
There were conflicting views about the relationship between soil carbon sequestration and
agricultural productivity. Most witnesses advised that soil carbon sequestration should increase
productivity due to improvements in soil health. However, a number of potential conflicts between
soil carbon sequestration and agricultural productivity were identified. Few studies have been
undertaken to quantify the effect of soil carbon sequestration on agricultural productivity.
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Environmental benefits
Soil carbon sequestration may result in a range of environmental benefits. The Victorian
Government advised the Committee that the environmental benefits of soil carbon sequestration
may be as significant as the potential climate change benefits. However, few studies have been
undertaken to quantify the extent of the potential environmental benefits.

Chapter 6:

Economics of soil carbon sequestration

Farms are businesses and farmers will generally only adopt land uses and management practices to
sequester soil carbon if those activities are profitable.
There is a range of potential economic costs to a land manager or farmer of adopting land uses and
management practices to sequester soil carbon, including: reductions in farm incomes,
establishment costs, operating costs, transaction costs, and costs associated with economic risks.
Many witnesses argued that such costs will be substantial for many land uses and management
practices used to sequester soil carbon and may outweigh the financial benefits in many cases.
However, there is currently significant uncertainty about these economic costs, particularly in relation
to the effect of specific land uses and management practices on farm incomes. As a result,
witnesses highlighted to the Committee that it is currently difficult for farmers to predict the overall
economic costs and benefits of soil carbon sequestration. The Committee concluded that such
uncertainty is likely to be a significant barrier to widespread soil carbon sequestration in Victoria.
Many witnesses raised concerns in relation to the potential economic risks associated with
participating in a carbon trading scheme or alternative incentive mechanism. Soil carbon is difficult to
sequester and may be easily released as carbon dioxide to the atmosphere when land uses or
management practices change. As a result, land managers and farmers may face a significant risk if
they enter into contracts to sell soil carbon credits that make them financially liable for any losses of
carbon that occur, particularly as a result of a natural event such as a drought or fire.
Currently, there are few studies that have been undertaken in Australia or Victoria on the economics
of soil carbon sequestration. The lack of economic studies in Victoria has resulted in significant
uncertainty in relation to:
•

the quantity of carbon that could be economically feasible to sequester in soils in Victoria across
different regions and a range of carbon prices;

•

the economic costs of different land uses and management practices used to sequester soil
carbon across different regions in Victoria and a range of carbon prices; and

•

the cost-effectiveness of alternative designs of incentive mechanisms that can be used to
encourage farmers to adopt land uses and management practices to sequester soil carbon.

Chapter 7:

Policy options to support soil carbon sequestration

There is a wide range of policy options available to encourage land managers and farmers to adopt
land uses and management practices to sequester soil carbon. The key policy options suggested by
witnesses and in submissions included:
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•

provide incentives through mechanisms such as a carbon market and government programs;

•

fund and provide research support to on-farm demonstration sites for soil carbon sequestration
to examine a range of issues such as the effects on agricultural productivity and economic costs;

•

provide information on the scientific, policy and economic aspects of soil carbon sequestration
through education and extension programs; and

•

establish mechanisms to reduce costs and share risks associated with soil carbon sequestration
such as aggregation and pooling of soil carbon credits, and insurance mechanisms.

Many witnesses argued that incentives will be required to encourage the widespread adoption of
land uses and management practices to sequester soil carbon. However, some management
practices that sequester soil carbon, such as minimum tillage practices, are currently being adopted
without incentives because of the associated agricultural benefits.
Many farmers are cautious about participating in any carbon trading scheme or alternative incentive
mechanism established to encourage soil carbon sequestration due to the significant scientific,
policy and economic uncertainties associated with soil carbon sequestration.
Incentives provided through a carbon market or government programs can either be practice-based
or results-based incentives. A key advantage of a results-based approach is that it provides greater
control to land managers and farmers over the choices of management practices used to sequester
soil carbon and thus provides farmers with an incentive to develop innovative practices. A key
disadvantage is that it poses greater challenges in relation to measurement and monitoring.
The level of incentives that will be provided by carbon markets for soil carbon sequestration in
Victoria is uncertain. However, witnesses argued that a voluntary carbon market, in isolation, is
unlikely to provide sufficient incentive to result in the widespread adoption of soil carbon
sequestration activities, and suggested that additional incentives will be required.
Due to the significant scientific and economic uncertainties associated with soil carbon
sequestration, the Committee concluded that a cautious and conservative approach should be taken
in establishing incentive mechanisms to encourage soil carbon sequestration in Victoria.
Many witnesses argued that there is a pressing need for the Victorian Government to provide
education and extension programs in relation to soil carbon sequestration, in part because the
information available is often conflicting and unsubstantiated.
The Committee concluded that education and extension programs are best provided through
regional and local bodies and farmer-to-farmer communication processes, as well as on-farm
demonstration sites that focus on examining the agricultural benefits of soil carbon sequestration.
Mechanisms that could encourage the adoption of land uses and management practices by reducing
costs and sharing risks, such as aggregation of soil carbon credits, should be considered by the
Victorian Government in designing policy options for soil carbon sequestration in Victoria.
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productivity benefits of soil carbon sequestration in Victoria, including across different climates, soil
types and management practices used to sequester soil carbon.
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RECOMMENDATION 5.9
The Department of Primary Industries conduct research that quantifies the extent of the
environmental benefits and adverse effects of soil carbon sequestration in Victoria, including in
relation to different management practices used to sequester soil carbon.
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Chapter 6: Economics of soil carbon sequestration
RECOMMENDATION 6.1
The Department of Primary Industries conduct economic studies on soil carbon sequestration in
Victoria in order to determine:
(a) the economic potential of soil carbon sequestration across different regions and a range of
carbon prices;
(b) the economic costs of different land uses and management practices, including the
application of biochar, across different regions and a range of carbon prices; and
(c) the cost-effectiveness of alternative incentive mechanisms.
These economic studies should be undertaken across a broad range of land uses and
management practices, soil types and crop types. These studies should also take into account
transaction costs and any changes in emissions of the greenhouse gases nitrous oxide and
methane from the soil due to the adoption of land uses and management practices.
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Recommendations

RECOMMENDATION 6.2
The Victorian Government investigate the potential of soil carbon sequestration as an economic
opportunity to generate investment in natural resource management and repair degraded
landscapes.
Page 129

Chapter 7: Policy options to support soil carbon sequestration
RECOMMENDATION 7.1
The Victorian Government should investigate, and implement as appropriate, a range of policy
options to encourage soil carbon sequestration in Victoria, including:
(a) incentive mechanisms;
(b) education and extension programs;
(c) on-farm demonstration sites;
(d) mechanisms to reduce costs and share risks, such as pooling and aggregation;
(e) best management practices; and
(f) decision-making tools for land managers and farmers.
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RECOMMENDATION 7.2
The Department of Sustainability and Environment investigate expanding tender-based programs,
such as the ecoTender program, to include soil carbon sequestration.
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RECOMMENDATION 7.3
The Victorian Government fund education and extension programs in relation to soil carbon
sequestration, to be delivered by regional and local bodies. These programs should include
on-farm demonstration sites that focus on investigating the agricultural benefits of soil carbon
sequestration.
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Glossary
Abatement

The reduction of greenhouse gas emissions or the removal of
greenhouse gases from the atmosphere through sequestration

Additionality

An internationally accepted offset principle requiring that the
abatement generated by an offset must be beyond what would be
undertaken as part of business-as-usual investment and beyond
what is required by regulation

Afforestation

Conversion of land to forests that has not contained a forest for at
least 50 years

Biochar

A type of charcoal that results from the heating of organic matter,
such as animal manures, green waste and industrial organic waste,
at high temperatures in the absence of oxygen

Buffer strips

Strips of trees along fence lines or streams

Carbon accounting rules

Rules or standards for accounting for carbon emissions and
reductions of greenhouse gases from the atmosphere

Carbon credit

A term referring to the value assigned to the emission or reduction
of greenhouse gas emissions from the atmosphere. A carbon credit
is usually equal to one tonne of carbon dioxide equivalent

Carbon offset

A project or activity that reduces greenhouse gas emissions or
sequesters carbon from the atmosphere

Carbon offset principles

A set of principles designed to ensure that carbon offsets are
credible and achieve their purpose

Carbon permit

A legal permission authorising the permit holder to emit a quantity of
greenhouse gases

Carbon Pollution
Reduction Scheme
(CPRS)

The Australian Government’s proposed emissions trading scheme

Carbon price

The economic value assigned to the emission of greenhouse gases
into the atmosphere

Carbon saturation

The maximum capacity of a soil to sequester carbon based on the
physical and chemical properties of that soil
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Carbon sequestration
rights (CSR)

The right to the benefits and risks arising from carbon sequestration
on a specific area of land. CSRs separate the ownership of the
sequestered carbon from the ownership of the trees or land where
the carbon is sequestered

Carbon sink

A natural or artificial reservoir that stores carbon in the long-term

Carbon trading scheme

See emissions trading scheme

Chicago Climate
Exchange (CCX)

A voluntary carbon market that was established in the United States
in 2003

Clean Development
Mechanism (CDM)

A mechanism established under the Kyoto Protocol that can be
used by developed countries to generate credits by undertaking
projects to reduce emissions within the country

Compost

Organic matter, such as animal manure, green waste and food
waste, that has been decomposed by micro-organisms in a
controlled temperature environment in the presence of oxygen

Conservation tillage

Tillage practices such as retaining stubble, minimum tillage and
no-till

Deforestation

Conversion of forests to a non-forest land use

Domestic Offsets Integrity
Committee

An independent expert committee that would be established under
the Carbon Pollution Reduction Scheme to assess and recommend
carbon offset methodologies

ecoMarkets program

A range of market-based mechanisms established by the Victorian
Government to address environmental degradation

EcoTender

A mechanism under the ecoMarkets program under which
landowners bid for government funds to adopt management
practices that improve the environmental value of their land

Emissions trading scheme
(ETS)

A market-based mechanism to reducing emissions. An ETS places
a limit on emissions allowed from all sectors covered by the
scheme. It allows those reducing emissions to trade excess
emissions permits to offset emissions at another source

Environmental Systems
Modelling Platform

A computer program designed to provide users with access to
science that helps prioritise natural resource investment, understand
the environmental benefits of actions and to test scientific models
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Glossary

FarmGAS

A tool developed by the Australian Farm Institute to help farmers
understand the greenhouse gas and financial implications of farm
management decisions

Greenhouse gases

Gases in the atmosphere that absorb and re-emit infrared radiation,
warming the earth’s surface and preventing heat escaping from the
atmosphere. They include carbon dioxide, nitrous oxide and
methane, as well as other gases

Humus

Well decomposed organic material which is less than 50
micrometres in size residing within the soil. Humus is a stable form
of soil carbon

Joint Implementation
Mechanism (JI)

A mechanism established under the Kyoto Protocol that can be
used by developed countries to generate credits by undertaking
projects to reduce emissions in other developed countries

Kyoto Protocol

An international agreement negotiated in 1997 which aims to reduce
the greenhouse gas emissions of signatory countries

Land and Biodiversity
White Paper

The Victorian Government’s strategic framework to secure the
health of Victoria’s land, water and biodiversity

LandCarbon project

A Victorian Government project which aims to provide information
about carbon stored on Victorian land, particularly public land

Landcare

A voluntary community network that encourages sustainable
management of the rural environment and natural resources

Mandatory carbon market

A market in which carbon permits are traded for the purposes of a
mandatory emissions reduction scheme

Measurability

An internationally accepted offset principle requiring that
methodologies used to quantify the amount of abatement generated
by an offset must be robust and scientifically defensible

Micrometre

One thousandth of a milimetre (0.001 milimetres)

Minimum tillage

A range of cropping practices such as reduced tillage, no-till or
zero-till that aim to reduce the impact of conventional tillage

Mycorrhizal fungi

Fungi that colonise the roots of plants to form a symbiotic or
mutually beneficial association
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National Carbon
Accounting System
(NCAS)

The Australian Government’s system for measuring Australia’s
carbon emissions under the Kyoto Protocol

National Carbon Offset
Standard (NCOS)

The Australian Government’s offset standard for the voluntary
carbon market in Australia

No-till

A minimum tillage cropping practice involving no-tillage passes prior
to seeding of the land. The crop is sown into the soil using knife
points

Pasture cropping

A land management practice that combines cropping and grazing
pastures

Permanence

An internationally accepted offset principle requiring that the carbon
sequestered as a result of an offset must not be released into the
atmosphere for a long period of time

Photosynthesis

The process by which plants convert organic matter into energy by
consuming oxygen and releasing carbon dioxide

Pyrolysis

The heating processes used to produce biochar

Reduced tillage

A minimum tillage cropping practice involving only one or two tillage
passes prior to seeding

Reforestation

Conversion of land to forests that did not contain a forest on 31
December 1989

Respiration

The process by which plants convert organic matter into energy by
consuming oxygen and releasing carbon dioxide

Soil carbon

The total amount of carbon stored in the soil

Soil organic carbon

A component of soil organic matter, which typically accounts for
about 60 per cent by weight of the soil organic matter in a soil

Soil organic matter

The organic matter fraction of the soil, made up of a living
component comprising plants and animals and micro-organisms,
and a non-living component comprising the remains of living
organisms in various stages of decomposition

Soil Carbon Research
Program (SCRP)

Department of Agriculture, Forests and Fisheries and the Grain
Research Development Corporation funded program that aims to,
amongst other things, provide a nationally consistent assessment of
soil carbon conditions
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Soil carbon sequestration

The long-term removal of carbon dioxide from the atmosphere into
soils. Soil carbon sequestration occurs by increasing carbon inputs
to the soil and/or by reducing carbon losses from the soil

Summer green perennial
groundcover

Grasses that live for more than a few years and retain live green
shoots over summer

Victorian Carbon
Exchange

The Victorian Government’s proposed voluntary carbon market for
the state

Voluntary carbon market

A market in which carbon permits are traded for purposes that do
not relate to obligations under a mandatory emissions reduction
scheme

Zero-till or zero-tillage

A minimum tillage cropping practice involving no tillage passes prior
to seeding of the land. The crop is sown into the soil using a disc
seeder
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Acronyms and abbreviations
ABARE

Australian Bureau of Agricultural and Resource Economics

AFI

Australian Farm Institute

CCX

Chicago Climate Exchange

CDM

Clean Development Mechanism

CMA

Catchment Management Authority

CMP

catchment management plan

CPRS

Carbon Pollution Reduction Scheme

CSIRO

Commonwealth Scientific and Industrial Research Organisation

CSR

carbon sequestration rights

DAFF

Department of Agriculture, Forests and Fisheries

DPI

Department of Primary Industries

DSE

Department of Sustainability and Environment

GRDC

Grain Research Development Corporation

IPCC

Intergovernmental Panel on Climate Change

JI

Joint Implementation Mechanism

MIR

mid-infrared spectroscopy

NCAS

National Carbon Accounting System

NCOS

National Carbon Offset Standard

SCRP

Soil Carbon Research Program

UNFCCC

United Nations Framework Convention on Climate Change
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Chapter 1:
1.1

Introduction

Background to the inquiry

On 2 September 2009, the Environment and Natural Resources Committee received a reference
under section 33 of the Parliamentary Committees Act 2003 on soil carbon sequestration in Victoria.
In particular, the Committee was required to:
(a) explore possible benefits to the agricultural industry;
(b) explore possible environmental benefits;
(c) consider methodologies for measurement of the effects of carbon sequestration, including any
potential issues associated with the measurement of benefits;
(d) identify the costs;
(e) identify any possible harms or detriments;
(f) identify linkages with the proposed carbon pollution reduction scheme and other relevant federal
government policies;
(g) identify linkages with existing Victorian Government policies; and
(h) explore options for the Victorian Government to support the benefits (if any) of soil
sequestration.
The Committee was required to report to Parliament by 31 August 2010.
Climate change strategies have generally focused on reducing emissions of greenhouse gases into
the atmosphere. However, levels of greenhouse gases in the atmosphere can also be reduced by
removing carbon dioxide and storing it in carbon sinks. Soil carbon sequestration is the long-term
removal of carbon dioxide from the atmosphere into soils.
Soil carbon sequestration is being promoted by some policy makers and scientists as an important
strategy to mitigate climate change for a range of reasons. One key reason is that soil carbon
sequestration can potentially be readily implemented compared with strategies that rely on advances
in technology and thus ‘buys time’ for other mitigation strategies to be developed.
While soil carbon sequestration can be undertaken on land used for a range of purposes, the focus
of research and debate on soil carbon sequestration is agricultural land. In evidence to the
Committee, Dr Jeff Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, explained
that agriculture has depleted soil carbon levels partly because it results in the removal of carbon, in
the form of agricultural products, from the land. The loss of carbon from agricultural soils provides
agricultural land with the greatest potential to sequester soil carbon.
Soil carbon sequestration also has a range of potential agricultural and environmental benefits,
which are described as co-benefits, such as improving soil health and agricultural productivity,
maintaining biodiversity and improving water quality. The co-benefits of soil carbon sequestration are
a further reason why it is being promoted as an attractive strategy to mitigate climate change. Many
witnesses to the inquiry emphasised the potential ‘win-win’ situation that soil carbon sequestration
creates as a result of these co-benefits.
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However, there is significant uncertainty in relation to the role of soil carbon sequestration as a
strategy to mitigate climate change. There is also uncertainty in relation to the potential agricultural
benefits and adverse effects of some management practices used to sequester soil carbon.
Furthermore, for a number of reasons, land managers and farmers are cautious about participating
in a carbon trading scheme or alternative incentive mechanism to encourage the adoption of land
uses and management practices to sequester soil carbon. These reasons include the potential for
such schemes to reduce the ability of farmers to alter practices in response to market conditions.
Despite such uncertainties, some witnesses suggested that the science of soil carbon is sufficiently
certain to enable governments to establish policies that promote soil carbon sequestration. 1 For
example, Professor Annette Cowie, Director, National Centre for Rural Greenhouse Gas Research,
University of New England, stated in evidence to the Committee:
I think the issue of climate change is so urgent that it would be a mistake to say we have to
put this off to wait for better science. I do not think we need perfect science and perfect
understanding to be able to start providing incentives for landholders to build soil carbon. I
think we know enough about some soil types and some land use practices that we could
identify a conservative default and suggest that, ‘You will have at least that much carbon
sequestered if you undertake these practices’. That is the sort of thing we need to work from
at the moment and then have the science, the increasing research, undertaken in parallel so
that we can firm up the models and perhaps recognise more sequestration in the future
when we know more about it.2

The main policy response of the Victorian Government to the renewed interest in soil carbon
sequestration has been to focus on filling the gaps in scientific knowledge. The Australian
Government has also recently funded a range of research programs on soil carbon sequestration,
which are currently being undertaken across Australia.
The evidence received by the Committee reflected the fact that the renewed interest in soil carbon is
only recent. Witnesses highlighted the many uncertainties associated with the potential benefits of
soil carbon sequestration and were divided about its potential to benefit land managers and farmers
– some were enthusiastic, while others were doubtful and cautious.
Furthermore, at informal discussions at public hearings, a number of experts and key agencies
advised the Committee that the inquiry had encouraged them to think through many of the issues
associated with soil carbon sequestration, and articulate a position on the prospects for soil carbon
sequestration, for the very first time.

1

2

2

Australian Soil Carbon Accreditation Scheme, submission no.17 pp.36–39; Professor A Cowie, Director, National
Centre for Rural Greenhouse Gas Research, University of New England, Environment and Natural Resources
Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.219
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.219
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1.2

Scope of the inquiry

Soil carbon sequestration can be undertaken on land used for a range of purposes. This report
focuses on agricultural land.
There is a wide range of land uses and management practices that can be used to sequester soil
carbon. The Committee only received evidence in relation to some management practices, including:
•

biochar;

•

composts;

•

summer green perennial groundcover and pasture cropping; and

•

minimum tillage systems.

In discussing the climate change, agricultural and environmental benefits and adverse effects of soil
carbon sequestration, this report focuses on these four management practices.
The establishment of forests has been used worldwide and in Australia to sequester carbon in
vegetation. However, forest establishment also sequesters significant amounts of carbon in soils. As
such, the establishment of forests is considered in this report, but not in detail.

1.3

Inquiry process

The Committee advertised the terms of reference in national, Melbourne and regional Victorian
newspapers in 7 October 2009.
Thirty-five written submissions were received by the Committee (see appendix 1). The Committee
wishes to note its disappointment that the submission from the Victorian Government was received
late in the inquiry process – on 10 June 2010 – after the public hearings had finished. This meant
that the Committee was unable to consider and debate the issues raised in the submission with
leading experts, at the public hearings.
The Committee was briefed by the Department of Sustainability and Environment and the
Department of Primary Industries on 14 December 2009. Three public hearings were held in
Melbourne and four public hearings were held in regional Victoria – at Horsham, Hamilton, Traralgon
and Thoona. One public hearing was held in Sydney and another at Wollongbar, NSW.
The Committee conducted site visits at the Department of Primary Industries’ research centres at
Horsham and Hamilton and the property of Mr Russell and Mrs Helen Ellis at Chesney Vale. The
Committee also visited NSW to inspect a biochar demonstration facility at Somersby, as well as the
NSW Industry and Investment’s research centre at Wollongbar and the nearby Kahawa Estate
coffee plantation, where trials on biochar are being undertaken.
Valuable information was received from a wide range of sources during the inquiry. These included:
land managers and farmers, research organisations, agricultural and legal consultants; nongovernment organisations; farmers’ and industry groups; Landcare groups; Victorian Government
departments; Catchment Management Authorities; and local councils.
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The Committee would like to thank all participants in the inquiry for generously sharing their
expertise and time.

1.4

Issues raised during the inquiry

The key issues raised in submissions and by witnesses at public hearings during the inquiry include:
•

while many aspects of soil carbon science are well understood, witnesses advised the
Committee of the need for further research to fill important gaps in scientific knowledge;

•

there is currently significant policy uncertainty at the international, national and state levels in
relation to soil carbon sequestration, which witnesses indicated was a key barrier to soil carbon
sequestration in Victoria. Witnesses advised the Committee that the offset principles established
at an international level, and particularly the principle of permanence, pose significant
challenges in relation to soil carbon sequestration offset projects;

•

many witnesses highlighted that there are significant challenges associated with measuring soil
carbon sequestration. Witnesses advised the Committee that there is a trade-off between the
accuracy of measurement versus the costs and time associated with measurement. Witnesses
advised that new measurement methods are required that are both accurate and affordable;

•

the Committee heard widely varying claims about the role of soil carbon sequestration relative to
other strategies to mitigate climate change. The evidence to the Committee suggested that there
is significant uncertainty in relation to the total amount of carbon that soils can store, both
globally and in Australia. Concerns were also raised in written submissions and evidence
provided at public hearings about the claims being made in relation to the capacity of some
management practices to sequester soil carbon;

•

management practices used to sequester soil carbon can influence emissions of nitrous oxide
and methane from soils, which are significant greenhouse gases. The Committee was advised
that any increases in emissions of these greenhouse gases due to soil carbon sequestration
could negate the climate change benefits of soil carbon sequestration;

•

while the agricultural benefits of soil carbon sequestration in terms of improvements to soil
health are well established, some management practices used to sequester soil carbon may
have adverse agricultural effects. The Committee was advised that soil carbon sequestration will
generally increase agricultural productivity;

•

land managers and farmers are cautious about participating in a carbon trading scheme or
alternative incentive mechanism established to encourage the adoption of land uses and
management practices to sequester soil carbon for a range of reasons, including the potential
financial liabilities associated with such schemes;

•

there is currently significant uncertainty associated with the economic costs of soil carbon
sequestration in Australia and Victoria. The Committee was advised that the economic costs to
land managers and farmers of adopting land uses and management practices to sequester soil
carbon may outweigh the economic benefits in many cases; and

•

the Committee was advised that there are several barriers to the adoption of land uses and
management practices to sequester soil carbon by land managers and farmers. These include
the difficult financial situation of many farmers caused by drought and low agricultural prices.
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1.5

Outline of the report

This report is structured as follows. Chapter two discusses the science of soil carbon as well as the
methods that can be used to sequester soil carbon. It also identifies current levels of soil carbon in
Victoria. In chapter three, the policies and programs relevant to the soil carbon sequestration at
international, national, state, regional and local levels are examined. Issues in relation to the
measurement of soil carbon sequestration are set out in chapter four. Chapter five discusses the
potential climate change, agricultural and environmental benefits, and adverse effects, of soil carbon
sequestration. The economic costs of soil carbon sequestration are considered in chapter six.
Chapter seven discusses a range of policy options that could be used to encourage the adoption of
land uses and management practices to sequester soil carbon in Victoria.
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Chapter 2:
2.1

The science of soil carbon

Introduction

While many aspects of soil carbon science are well understood, the renewed interest in soil carbon
due to concerns about climate change has highlighted some important gaps in scientific knowledge.
There is a good understanding of the factors that influence soil carbon sequestration generally, such
as climate, soil types and land uses and management practices, however the evidence received by
the Committee suggests that there is less certainty about the relative importance of each of these
factors under any particular set of circumstances.
Similarly, while it appears that there is a sound understanding of the agricultural land uses and
management practices that sequester soil carbon, there is less certainty about sequestration rates
and the sequestration potential of each of these practices in different climates and soil types.
There is also significant uncertainty in relation to the length of time soil carbon remains sequestered
in the soil. The different forms of soil carbon, the effects of natural disturbance events such as
drought and fire and the effects of climate change can influence the permanence of the carbon
sequestered.
A review by the CSIRO on soil carbon sequestration in Australia concluded that:
There is a strong theoretical basis partially supported by a limited number of field studies for
significant [soil carbon] sequestration potential in several Australian agricultural sectors.
However, a general lack of research in this area is currently preventing a more quantitative
assessment of the carbon sequestration potential of agricultural soils.3

The evidence received by the Committee suggests that the key gaps in scientific knowledge are:
•

an accurate method that reduces the costs and time associated with measurement;

•

the sequestration potential of different soil types in Victoria;

•

the influence of the starting level of soil carbon on sequestration potential and rates;

•

the stability of the different forms of soil carbon over the long-term and the response of the
different forms of soil carbon to changes in land uses and management practices;

•

existing soil carbon levels in Victoria at a regional scale;

•

the ability of different land uses and management practices to sequester soil carbon under
different climates and soil types;

•

the interaction between soil carbon and other nutrient cycles, including emissions of other
greenhouse gases such as nitrous oxide and methane; and

•

the impacts of climate change on soil carbon sequestration potential and permanence.

3

CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.v
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This chapter discusses the science of soil carbon, including what soil carbon is, the global and soil
carbon cycles, and the environmental factors that influence soil carbon levels. It also discusses
current levels of soil carbon in Victoria and the methods that can be used to sequester soil carbon.

2.2

Soil

Soil is a thin unconsolidated layer of organic and inorganic materials and living organisms that
covers most of the earth’s land surface.4 The major factors involved in soil formation are the parent
rock (the underlying geology), climate, topography, biological activity and time.5
Soils vary greatly in their physical, chemical and biological properties. Differences in the way soils
are formed, as well as ongoing soil processes such as weathering, leaching and the activity of microorganisms create a wide range of soil types in Victoria.
Soil is made up of four main fractions: mineral; organic matter; water; and air.6
The mineral fraction makes up about 50 per cent of the soil by volume in a typical soil, as illustrated
in figure 2.1. It comprises the remains of weathered parent rocks (called ‘bedrock’)7 and is made up
of four main particle types: gravel; sand; silt; and clay.8
The organic matter fraction makes up about one to five per cent of the soil by volume in a typical
soil. However, in agricultural soils in Victoria the organic matter fraction is typically between 1.5 and
three per cent, while in forest soils, the organic matter fraction can comprise up to 20 per cent.9
Figure 2.1

Source:

4
5
6
7
8
9

8

Approximate proportions of the four soil
fractions in a typical soil

Department of Natural Resources and Environment, Know your soils, Part 1: Introduction to soils, 2001, p.3

Australian Government, Bureau of Rural Sciences, Soil carbon for carbon sequestration and trading: A review of
issues for agriculture and forestry, March 2009, p.3
Department of Natural Resources and Environment, Know your soils, Part 1: Introduction to soils, 2001, pp.3–4
ibid.
ibid.
ibid.
ibid.
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The organic matter fraction, which is also called soil organic matter, is made up of two components:
•

living component – this comprises plants, for example, tree roots; animals, including earthworms
and soil insects; and micro-organisms, such as bacteria and fungi; and

•

non-living component – this comprises the remains of living organisms in various stages of
decomposition, including plant and animal material such as stems, roots and manure.10

The non-living component of soil organic matter is the largest component, while the living component
is small and regularly changes in size. 11 When it dies, the living component undergoes several
stages of decomposition to become part of the non-living component. Decomposition occurs as a
result of the activity of micro-organisms, which feed on the non-living component to obtain energy
and nutrients. 12 The process of decomposition results in the release of carbon dioxide into the
atmosphere, and this is often described as a ‘loss’ of carbon from the soil.

2.3

Soil carbon

The term soil carbon refers to the total amount of carbon stored in the soil. There are two
components of soil carbon:
•

organic carbon – this is part of the organic matter fraction of the soil and is derived from plant
and animal material such as leaves, roots and manure; and

•

inorganic carbon – this is part of the mineral fraction of the soil and derives from the weathering
of rocks and the formation of carbonate materials.13

While inorganic soil carbon can comprise up to one-third of total soil carbon, it is only the organic
form that is of interest in relation to soil carbon sequestration. This is because the inorganic form is
relatively stable and is not strongly influenced by land management.14The organic form of soil carbon
is called soil organic carbon.
Only the non-living component of soil organic matter is considered in relation to soil carbon
sequestration due to the small size and changeable nature of the living component.15 In this report
the term soil carbon refers only to the non-living component of soil organic carbon.
It is important to understand the difference between the terms soil organic carbon and soil organic
matter. Soil organic carbon is a component of soil organic matter, which contains not only carbon,
but also other elements such as calcium, hydrogen, oxygen and nitrogen. 16 Soil organic carbon
typically accounts for about 60 per cent by weight of the soil organic matter in a soil.

10
11
12

13
14
15
16

Australian Government, Bureau of Rural Sciences, Science for decision makers: Soil carbon management and
carbon trading, March 2009, pp.3–4
ibid.
Department of Natural Resources and Environment, Know your soils, Part 1: Introduction to soils, 2001, pp.3–4;
The undecomposed plant and animal material on the surface of the soil (for example, leaf litter) is not considered
part of the organic matter fraction until it starts to decompose, CSIRO, ‘Factsheet: Soil carbon: The basics’,
www.csiro.au, accessed 20 May 2010
Australian Government, Bureau of Rural Sciences, Science for decision makers: Soil carbon management and
carbon trading, March 2009, p.3
ibid.
ibid.
CSIRO, www.csiro.au, accessed 20 May 2010
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2.4

Forms of soil carbon

Soil carbon occurs in a number of different forms, which can be categorised on the basis of the size
of the particles and their chemical composition. 17 Some forms of soil carbon are more stable or
resistant to decomposition than others, and soil carbon can be further categorised into different
carbon pools on the basis of the vulnerability of the soil carbon to decomposition.18
In evidence to the Committee, Dr Jeff Baldock, Stream Leader, Sustainable Agriculture Flagship,
CSIRO, stated:
[Soil carbon] is really composed of a bunch of different things. In the past we have treated it
as a single entity and gone off and measured total organic carbon contents. We now
recognise that there are different bits and pieces in there that are turning over and cycling at
different rates.19

Table 2.1 shows the different forms of soil carbon and their carbon pool category.
Table 2.1

Forms of soil carbon and rates of decay

Form

Description

Pool category

Surface Plant
Residue

Plant material residing on the surface of the soil, including
leaf litter and crop and pasture material

Fast (or labile) pool
Decomposition occurs at a
timescale of days to years

Buried Plant
Residue

Plant material greater than two millimetres in size residing
within the soil

Fast (or labile) pool
Decomposition occurs at a
timescale of days to years

Particulate
Organic Matter

Semi-decomposed organic material less than two
millimetres and greater than 50 micrometres20 in size

Fast (or labile) pool
Decomposition occurs at a
timescale of days to years

Humus

Well decomposed organic material less than 50
micrometres in size that is adsorbed (held onto the surface)
onto very small soil particles

Slow (or stable) pool
Decomposition occurs at a
timescale of years to decades

Resistant Organic
Carbon

Charcoal or charred materials that results from the burning
of organic matter

Passive (or recalcitrant) pool
Decomposition occurs at a
timescale of decades to
thousands of years

Source:

CSIRO, submission no.19, p.7

The percentage of soil carbon in each pool varies, but typical values are shown in figure 2.2. In the
figure, the proportion of soil carbon in each pool category is shown in red, and the contribution of
carbon dioxide to the atmosphere from each pool due to decomposition is shown in blue.

17
18
19
20

10

CSIRO, submission no.19, p.7
Australian Government, Bureau of Rural Sciences, Science for decision makers: Soil carbon management and
carbon trading, March 2009, pp.4–5
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.2
One thousandth of a millimetre
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Figure 2.2

Source:

Typical proportion of soil carbon
in each pool category

Australian Government, Bureau of Rural Sciences, Soil carbon management and carbon trading, March 2010, p.2; Live
roots respiration is explained in sections 2.6.2 and 2.7

The Committee was advised that there is some scientific uncertainty in relation to the different forms
of soil carbon. For example, Associate Professor Tony Patti, Centre for Green Chemistry, Monash
University, explained that:
We know that some forms of carbon are more recalcitrant — we can take the simple
example of charcoal or coal char, whatever you call it, and that will hang around for a long
time; that is a given, that is known — whereas there is still a lot to be known about how
stable other forms of carbon are that, if you like, are more freshly captured and then
transformed … We have a good sense that they are stable for a long time, and I am talking
about hundreds of years at least, but there is still a lot to be known in that area …21

The key areas of scientific uncertainty include:
•

the mechanisms that cause some forms of soil carbon to be more stable than others;

•

the stability of the different forms of soil carbon in the soil; and

•

the management practices that encourage the formation of the stable forms of soil carbon.22

21

Associate Professor T Patti, Centre for Green Chemistry, Monash University, Environment and Natural Resources
Committee public hearing – Melbourne, 15 March 2010, transcript of evidence, p.43
ibid., pp.43–44
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2.5

Soil carbon sequestration

Soil carbon sequestration is defined as the long-term removal of carbon dioxide from the
atmosphere into soils.23 Soil carbon sequestration can occur in two main ways:
•

by increasing soil carbon levels and maintaining that increase; and

•

by converting organic matter that is easily decomposed into a form that is long-lived (for
example, biochar). This prevents the carbon contained in the organic matter from entering the
atmosphere as carbon dioxide for a long period of time.24

In order for soil carbon levels to increase and for soil carbon sequestration to occur, the rate of
inputs of carbon to the soil must be greater than the rate of outputs or losses of carbon, usually as
carbon dioxide, from the soil. 25 The factors that influence the rates of inputs and losses are
discussed in section 2.7.
Importantly, increasing soil carbon levels does not necessarily result in soil carbon sequestration.
For sequestration to occur, soil carbon increases must be maintained. As noted above, there are a
number of different forms of soil carbon, which have different vulnerabilities to decomposition. An
increase in some forms may not result in sequestration because those forms are very quickly
decomposed in the soil and are subsequently released back into the atmosphere as carbon dioxide.
In addition, changes to soil carbon levels can be absolute or relative. An absolute change is an
increase or decrease in soil carbon relative to its current level. A relative change is an increase or
decrease in soil carbon relative to a level that would have occurred under business-as-usual. An
absolute increase in soil carbon levels will remove carbon dioxide from the atmosphere, which meets
the above definition of soil carbon sequestration. However, a relative increase in soil carbon levels
may only result in an avoided emission, in which no carbon is removed from the atmosphere, but the
amount of carbon lost to the atmosphere is reduced relative to business-as-usual.26
While a relative change in soil carbon levels does not meet the above definition of soil carbon
sequestration because it does not result in the removal of carbon dioxide from the atmosphere,
under the Kyoto Protocol, carbon credits can be granted for management practices that result in
avoided emissions in countries that have accounted for soil carbon under the protocol.27

23
24
25
26
27
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2.6

Carbon cycles and storages

2.6.1

Global carbon cycle

The global carbon cycle describes how carbon moves throughout the globe. Carbon continuously
moves between four main storages:
•

the atmosphere;

•

the land, including vegetation and soils;

•

the sediments, including fossil fuels such as coal, oil and gas; and

•

the oceans.

Figure 2.3

Source:

The global carbon cycle

Intergovernmental Panel on Climate Change, Climate Change 2007, The physical science basis, contribution of
working group 1 to the fourth assessment report of the IPCC, 2007, p.515

The global carbon cycle is shown in figure 2.3. Estimates of global carbon storages for the 1990s
(the boxes) are shown in gigatonnes (Gt) 28 of carbon and the movements of carbon between
different storages (the arrows) in Gt per year for the 1990s. 29 Within the boxes, the numbers in black
represent pre-industrial storages, while the numbers in red represent storages in the 1990s.
In terms of soil carbon, the following features of figure 2.3 are the most important:
•

the land (vegetation and soils) stores less carbon than the oceans and fossil fuel but more than
the atmosphere;

•

of land storages, soils are estimated to store about 1,600 Gt of carbon and vegetation about 650
Gt,30 which means that soils are the third largest storage of carbon globally;

28

1 gigatonne equals one billion (1,000,000,000) tonnes
These figures are calculated over the 1990s
Bureau of Meteorology, The greenhouse effect and climate change, undated, pp.6–7; C Stokes and M Howden,
Adapting agriculture to climate change: Preparing Australian agriculture, forestry and fisheries for the future, 2010,
p.237

29
30
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•

soils store about two and a half times the amount of carbon as the atmosphere and almost three
times the amount as vegetation; and

•

during the 1990s there was an overall loss of carbon from the land (vegetation and soils) to the
atmosphere of about 40 Gt globally.

As soils stores two and a half times the amount of carbon as the atmosphere, a small change in soil
carbon storage globally can significantly change the amount of carbon dioxide in the atmosphere.

2.6.2

Soil carbon cycle

The soil carbon cycle describes how carbon moves between two of the four major global storages of
carbon – the land (including vegetation and soils) and the atmosphere.
The soil carbon cycle is shown in figure 2.4. The key aspects of the soil carbon cycle are:
•

carbon is removed from the atmosphere by plants, which convert carbon dioxide into organic
matter through the process of photosynthesis. All soil carbon (including biochar) is ultimately
derived from the process of photosynthesis;31

•

plants use between 25 to 70 per cent of the carbon assimilated by photosynthesis for energy via
the process of respiration (the process by which plants convert organic matter into energy by
consuming oxygen and releasing carbon dioxide) and the rest is used to grow plant material;32

•

the majority of carbon enters the soil via dead and decomposing plant material, which can either
be from above-ground (such as leaves and stems) or below-ground sources (roots);

•

an estimated five to 20 per cent or more of the carbon assimilated by plants enters the soil via
plant roots, root exudates and mycorrhizal fungi;33

•

in the soil, organic matter is decomposed by soil organisms and micro-organisms, which results
in the release of carbon dioxide back to the atmosphere via respiration;

•

in general, only one to two per cent of organic matter becomes stabilised for significant periods
of time as humus. The majority of carbon is released back into the atmosphere; and34

•

some carbon is also lost from the soil via leaching of dissolved carbon and soil erosion. Soil
erosion is estimated to have caused 30 per cent of the historic losses of soil carbon in
agricultural soils globally.35

31

Monash University, Monash Sustainability Institute, submission no.25, p.2
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.7
ibid., p.10
Monash University, Monash Sustainability Institute, submission no.25, p.3; CSIRO, Soil Carbon sequestration
potential: A review for Australian agriculture, 2010, p.13
R Lal, ‘Soil carbon sequestration impacts on global climate change and food security’, Science, 2004, vol.304,
p.1623

32
33
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Figure 2.4

Source:

The soil carbon cycle

Gippsland Dairy, submission no.29, p.5

The soil carbon cycle is linked to other nutrient cycles. As such, soil carbon sequestration can cause
changes in other cycles, some of which may have detrimental effects, including affects on the
availability of other soil nutrients to plants and emissions of other greenhouse gases.36 The potential
detrimental effects of soil carbon sequestration are discussed in detail in chapter five.

2.7

Factors that influence soil carbon levels

Soil carbon levels are determined by the balance between carbon inputs to the soil and carbon
losses from the soil, which is driven largely by photosynthesis and decomposition.
A range of factors influence inputs and losses and thus soil carbon levels, including:
•

plant productivity;

•

decomposition caused by micro-organisms;

•

climate, in particular temperature and rainfall;

•

soil types and soil depth;

•

plant roots and mycorrhizal fungi;

•

disturbances such as fire; and

•

land uses and management practices.37

36

Victorian Government, submission no.34, pp.25–26
Australian Government, Bureau of Rural Sciences, Science for decision makers: Soil carbon management and
carbon trading, March 2010, pp.6–12; Industry and Investment NSW, Chan et al., A farmers guide to increasing soil
organic carbon under pastures, 2010, pp.9–10; CSIRO, Soil carbon sequestration potential: A review for Australian
agriculture, 2010, pp.5–18
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Due to the interactions that occur between these factors, it is difficult to determine the relative
importance of each factor under any particular set of circumstances.38 A review by the CSIRO on soil
carbon sequestration in Australia indicated that in some cases climate and soil type may influence
soil carbon levels more than management practices, but in other cases, the reverse may occur.39
Plant productivity – the rate at which plants convert energy from the sun into other forms of energy
used for plant growth via the process of photosynthesis – significantly influences carbon inputs to the
soil.40 High plant productivity results in high plant growth rates, which in turn results in high carbon
inputs to the soil. As such, plant productivity generally sets an upper limit on carbon inputs to the
soil.41 Plant productivity is determined primarily by climate, and in particular, temperature and rainfall.
As Dr Baldock, explained:
Across Australia probably the biggest barrier we have [in relation to soil carbon
sequestration] is how much plant material we can actually grow at a given location based on
the availability of water. Our rainfall distribution dictates, for the most part, our net primary
productivity, which is an assessment of how much carbon plants can capture. We can do
things like irrigate and increase it past that, but for the most part we have an upper
boundary on how much carbon can be captured.42

Micro-organisms are the primary determinant of decomposition rates and therefore significantly
influence carbon losses from the soil. Any process that reduces microbial activity will slow
decomposition rates. A range of factors affect microbial activity, in particular climate and soil
processes. A key soil process that slows decomposition rates is the incorporation of organic matter
into ‘soil aggregates’ (individual soil particles bonded together), which physically isolates the organic
matter from micro-organisms and thus protects it from decomposition. A range of factors influence
the formation of soil aggregates, particularly soil fauna such as earthworms, fine plant roots,
mycorrhizal fungi and root exudates, which act to hold soil particles together.43
Climate has a significant influence on both carbon inputs and losses from soils.44 In general, higher
rainfall results in higher plant productivity and thus higher inputs of carbon to the soil, and higher
temperatures result in faster decomposition rates and thus higher losses of carbon from the soil.45 As
such, soil carbon levels are generally higher in wet and cool regions and lower in hot and dry
regions.46 In wet and warm regions, although plant productivity is high, decomposition rates are very
high, which means that soil carbon levels are low.47 A recent study investigating the affect of various
cropping practices on soil carbon levels in Victoria also highlighted the influence of rainfall on soil

38
39
40
41
42
43
44
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carbon levels.48 Temperature can also affect the amount of carbon in the different soil carbon pools.
Higher temperatures can result in less storage of carbon in the slow and passive pools.49
Soil carbon levels vary significantly between different soil types due to different soil characteristics
such as soil texture, fertility and structure and soil pH, which in turn influence plant productivity and
decomposition rates. In general, higher soil fertility increases plant productivity and higher clay
content increases the protection of organic matter from decomposition, which means that soils with
higher clay content usually have greater capacities to store soil carbon.50 Soil texture can also affect
the amount of carbon in the different soil carbon pools. In soils with a high clay and silt content,
approximately 30 per cent of the soil carbon can be found in the passive pool, while in soils with low
clay and silt content, usually much less soil carbon is found in the passive pool.51
Soil carbon levels vary with soil depth. In general, soil carbon levels are greater at the surface of the
soil and diminish with depth because most organic matter enters the soil from above-ground sources
such as leaves and stems and because the main below-ground source of organic matter – plant
roots – are less dense deeper in the soil.52 However, the vegetation type can influence the depth of
soil carbon. For example, of the total carbon in the top one metre of soil, shrublands generally have
more carbon in the lower 80 centimetres of soil relative to grasslands and forests.53 In addition, soils
that regularly shrink and swell encourage the downward movement of organic matter, and thus often
have higher soil carbon levels at depth relative to other soils.54
Plant roots have an important influence on soil carbon levels.55 An estimated five to 20 per cent of
the carbon assimilated by plants enters the soil via plant roots, root exudates and mycorrhizal
fungi.56 The decay of roots is likely to affect soil carbon levels because the materials derived from
root decay are more resistant to decomposition. In addition, this material is likely to assist soil
aggregation, which in turn slows decomposition rates. 57 Very fine roots are likely to make an
important contribution to soil carbon levels because their life cycles are very short, which means they
regularly contribute decaying organic matter to the soil.58 While root exudates are unlikely to directly
contribute to soil carbon levels because they appear to decompose very quickly, they are likely to
make a significant indirect contribution by assisting soil aggregation.59
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Dr F Robertson, Senior Research Officer, Department of Primary Industries, Environment and Natural Resources
Committee public hearing – Horsham, 30 March 2010, transcript of evidence, p.131
Australian Government, Bureau of Rural Sciences, Soil carbon for sequestration and trading: A review of issues for
agriculture and forestry, March 2009, p.7
Industry and Investment NSW, Chan et al., A farmer’s guide to increasing soil organic carbon under pastures,
2010, p.10; Australian Government, Bureau of Rural Sciences, Soil carbon for sequestration and trading: A review
of issues for agriculture and forestry, March 2009, p.7
Australian Government, Bureau of Rural Sciences, Soil carbon for sequestration and trading: A review of issues for
agriculture and forestry, March 2009, p.7
Industry and Investment NSW, Chan et al., A farmer’s guide to increasing soil organic carbon under pastures,
2010, p.9
Luo et.al, ‘Soil carbon change and its responses to agricultural practices in Australian agro-ecosystems: a review
and synthesis’, Geoderma, 2010, vol.155, p.212
Australian Government, Bureau of Rural Sciences, Soil carbon for sequestration and trading: A review of issues for
agriculture and forestry, March 2009, p.6
Mycorrhizal fungi are fungi that colonise the roots of plants to form a symbiotic or mutually beneficial association. In
general, the roots provide the fungi with energy, while the fungi provide the roots with water and nutrients
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, pp.11–12
ibid.
ibid., pp.9–10
ibid., p.11
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Mycorrhizal fungi are also likely to significantly influence soil carbon levels. Like very fine roots, the
life cycle of fungal hyphae (fine thread like parts of the fungus) is very short, which means they
regularly contribute decomposing organic matter to the soil. While the decomposition of hyphae
appears to directly contribute only a small amount to soil carbon levels, hyphae make a significant
indirect contribution by assisting soil aggregation. 60 Mycorrhizal fungi also produce an organic
substance called glomalin, which can comprise between four to eight per cent of total soil carbon
stocks. Glomalin appears to have a substantial indirect influence on soil carbon levels by assisting
soil aggregation.61
The Victorian Government identified in its submission that fire plays an important role in relation to
soil carbon by modifying the form of carbon that enters the soil, influencing the storage time of
carbon in the soil, and causing emissions of carbon from the soil during a fire event.62
Land uses and management practices can significantly influence soil carbon levels. This is
discussed in section 2.11.

2.8

Soil carbon equilibrium

The soil carbon level that results when the rate of carbon inputs to the soil equals the rate of carbon
losses from the soil, is referred to as the equilibrium level of the soil.
The equilibrium levels of soils can change due to agriculture and natural disturbance events such as
drought, and are dependent on climate, soil types, land uses and management practices.63
Agriculture disrupts the equilibrium levels of soils in natural systems by reducing carbon inputs to the
soil and increasing carbon losses from the soil.64 Eventually, new equilibrium levels will be reached
in agricultural systems, which will be lower compared with natural systems.
It may take between 50 to 100 years for new equilibrium levels to be reached after soils are
disrupted or after the adoption of new land uses and management practices.65 However, because
management practices are often regularly changed in agricultural systems, in practice, equilibrium
levels in such systems are unlikely to be reached.66
The state of the soil in relation to its equilibrium level prior to the adoption of a management practice
is important and may override any expected increases in soil carbon levels due to management
practices.67 A practice adopted soon after a change from a natural system to an agricultural system
may not increase soil carbon levels because the practice results in less carbon inputs to the soil
compared with the natural system, and the soil has not yet reached a new equilibrium level.
However, the same practice adopted on a soil that had reached a new equilibrium may increase
levels because it results in greater carbon inputs to the soil compared with the initial practice.
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2.9

Historical losses of soil carbon

Conversion of natural systems to agricultural systems has resulted in a significant loss of soil
carbon. Estimates of historical losses of soil due to agriculture vary widely. Worldwide, it is estimated
that agriculture (and associated land use change) has caused losses of up to 60 per cent of soil
carbon in temperate regions and up to 75 per cent or more in tropical regions. Global emissions from
agricultural soils since the industrial revolution are estimated to be 78 billion tonnes of carbon
dioxide equivalent, which is a significant amount given that emissions due to the burning of fossil
fuels account for 270 billion tonnes of carbon dioxide equivalent.68
A rough estimate for Australia suggests that agricultural soils have lost about 646 million tonnes of
carbon.69 In terms of the percentage of soil carbon lost, estimates have varied and include:
•

a 50 per cent loss of soil carbon from the upper ten centimetres of soils across Australian
cropping systems, with most loss occurring in the first ten years of cultivation;70

•

a ten to 60 per cent loss of soil carbon across the Australian cereal belt; and71

•

a 30 to 60 per cent loss of soil carbon across Queensland cropping soils.72

The Committee understands that no studies have been undertaken that estimate historical losses of
soil carbon across agricultural lands in Victoria.73
In evidence to the Committee, the CSIRO explained how agriculture causes losses of soil carbon:
… when we invoke agriculture we see big reductions in the amount of soil carbon. Part of
the reason is because we have reduced the return of carbon back to the soil, because we
are actually taking carbon away. That is what farmers are paid for — they are paid to
harvest grain and they are paid to harvest animals. That is converting the carbon that was
captured by the plant by CO2 into a product which then leaves the farm gate.74

The loss of soil carbon due to agriculture has created a potential carbon sink. 75 In theory, the
maximum size of this sink is approximately equal to the historical amount of soil carbon lost.76 It is
the creation of this sink that provides the opportunity to sequester soil carbon.
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R Lal, ‘Soil carbon sequestration impacts on global climate change and food security’, Science, 2004, vol.304,
p.1623
NSW Department of Primary Industries, Chan et al., Scoping paper: Soil organic carbon sequestration potential for
agriculture in NSW, September 2008, p.8
Luo et.al, ‘Soil carbon change and its responses to agricultural practices in Australian agro-ecosystems: a review
and synthesis’, Geoderma, 2010, vol.155, p.213
RC Dalal and KY Chan, ‘Soil organic matter in rainfed cropping systems of the Australian cereal belt’, Australian
Journal of Soil Research, 2001, vol.39, p.1
CSIRO, An analysis of greenhouse gas mitigation and carbon biosequestration opportunities from rural land use,
2009, p.49
Department of Primary Industries, personal communication, 9 July 2010
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.3
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2.10

Current soil carbon levels

2.10.1 Australia
Soil carbon levels in Australia are naturally low, except in some eastern regions.77 The amount of soil
carbon in the upper one metre of soil ranges from 18 to 447 tonnes per hectare.78 This compares to
30 to 800 tonnes per hectare of soil carbon in the upper one metre of soil globally.79
The National Land and Water Resources Audit 2001 estimated soil carbon levels (percentage by
weight) across Australia, which are shown in figure 2.5. The audit indicates that soil carbon levels
are generally highest in the high rainfall, temperate regions of Tasmania, Victoria and Western
Australia, on the coast of New South Wales and in the wet tropics of Queensland and are lowest in
arid and semi-arid inland regions.80 Most Australian soils contain less than five per cent soil carbon,
although levels range from zero to 15 per cent.81
Figure 2.5

Soil carbon levels
(percentage by weight) across Australia
cent)

Organic carbon (per cent)
<0.3
0.3 – 0.5
0.5 – 1.0
1.0 – 2.0
2.0 – 5.0
>5.0
No data

Organic carbon (per cent)
<0.3
0.3 – 0.5
0.5 – 1.0
1.0 – 2.0
2.0 – 5.0
>5.0
No data

Source:
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In evidence to the Committee, Associate Professor Patti, stated:
We know that Australian soils vary greatly in carbon content. Generally they are fairly low - a
couple of per cent - but anything getting around five per cent is considered quite good. But
we have some extreme cases. For example, just to the east in the Koo Wee Rup region we
have soils with ten to 15 per cent carbon, but that is an unusual environment …82

2.10.2 Victoria
The National Land and Water Resources Audit 2001 indicates that soil carbon levels in Victoria are
relatively high compared with the other states and territories.83 However, according to the audit, the
accuracy of the estimates for Victoria is relatively poor.84
Broad estimates of soil carbon levels on agricultural lands in Victoria are illustrated in figure 2.6. In
evidence to the Committee, the Department of Primary Industries (DPI) stated that it was planning to
produce more detailed digital maps of soil carbon levels across Victoria.85
Figure 2.6

Source:

Soil carbon levels
(percentage by weight) across Victoria

Department of Sustainability and Environment, briefing to the Environment and Natural Resources Committee –
Melbourne, 14 December 2009

The DPI presented a table in evidence to the Committee showing soil carbon levels in percentage by
weight under pasture and cropping in low and high rainfall regions in Victoria, which is shown in
table 2.2.86 The table shows that soil carbon levels are higher in high rainfall regions compared with
low rainfall regions and higher under pasture than under cropping.
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Committee public hearing – Melbourne, 15 March 2010, transcript of evidence, p.42
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Table 2.2

Soil carbon levels under pasture and cropping
regimes in low and high rainfall regions in Victoria
Low rainfall (<500 mm)
Crop

Pasture

High rainfall (>500 mm)
Crop

Pasture

Percentage by weight
Low soil carbon level range

0.9

1.7

1.45

<2.9

Normal soil carbon level range

0.9-1.4

1.7-2.6

1.45-2.9

2.9-5.8

High soil carbon level range

>1.45

>2.6

>2.9

>5.8

Source:

Department of Primary Industries, briefing to the Environment and Natural Resources Committee – Melbourne,
14 December 2009

The DPI also discussed the Victorian Government’s LandCarbon project in evidence to the
Committee. The project is ongoing and aims to inform the Victorian Government’s understanding of
carbon stored on land, and in particular, on public land.87 As part of the project the amount of carbon
stored on Victoria’s public land was modelled to determine how bushfire, fuel reduction burning and
forest harvesting can impact on carbon levels.88
Carbon stored in both the vegetation and soils was taken into account. The preliminary results of the
modelling indicated that Victoria’s public land holds the equivalent of 2,750 million tonnes of carbon
dioxide, which is the equivalent of 23 years of Victoria’s current total greenhouse gas emissions (see
figure 2.7). Soil carbon represents between 15-40 per cent of the total amount of carbon in public
land. Despite a number of large bushfire events, soil carbon levels remained relatively unchanged
over the period of the modelling (1930 – 2008).89
Figure 2.7

Source:
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89
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Total carbon on publicly managed land
in Victoria, 2009

Department of Sustainability and Environment, briefing to the Environment and Natural Resources Committee –
Melbourne, 14 December 2009

Victorian Government, www.climatechange.vic.gov.au, accessed June 2010
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The Committee was advised that Agribusiness Gippsland (a non-government organisation
established to promote Gippsland’s agribusiness sector) is undertaking sampling of soil carbon
levels across East Gippsland. The aim of the project is to determine existing soil carbon levels under
different land uses across the region. Soil samples were taken at 187 sites across eight land uses,
including cattle grazing, sheep grazing, horticulture, and mixed grazing and cropping.90 The results of
the project are shown in figure 2.8.
The figure shows that soil carbon levels range from about three to five per cent by weight. The
highest levels were found on land used for cattle grazing and the lowest levels were found on land
used for cattle and sheep grazing combined, and mixed grazing and cropping. 91 Importantly, the
study has not yet examined the effect of soil types on existing soil carbon levels.92 As such, the high
soil carbon levels found on land used for cattle grazing may be due to the soil types associated with
cattle grazing rather than the effect of cattle grazing itself.
Figure 2.8

Soil carbon levels (percentage by weight)
across Gippsland under different land uses
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Agribusiness Gippsland Inc, Environment and Natural Resources Committee public hearing – Traralgon, 19 April 2010

The Committee found that there is little detailed information on existing soil carbon levels in Victoria.
In particular, information is lacking on soil carbon levels at a regional scale; across different climates
and soil types; and under different land uses and management practices.
Similarly, the Victorian State of the Environment Report 2008, highlighted that there is very limited
information on soil carbon levels across Victoria and while some broad trends in soil carbon levels
are apparent, there is inadequate information available to allow for the analysis of trends.93
Without such baseline information on existing soil carbon levels, it is difficult to detect changes in soil
carbon levels and to determine the influence of land uses and management practices on soil carbon
levels under different climates and soil types, including rates of sequestration.
90
91
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Dr R Lawson, Deputy Chair, Agribusiness Gippsland, Environment and Natural Resources Committee public
hearing – Traralgon, 19 April 2010, transcript of evidence, pp.190–191
ibid.
ibid., pp.191
Commissioner for Environmental Sustainability, Victorian state of the environment report 2008, 2008, p.323
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The CSIRO highlighted the importance of baseline information in evidence to the Committee:
[The Soil Carbon Research Program will] provide us with a very good estimate of what the
base condition currently is in soil carbon under different management scenarios … Until we
get that we are always starting from a place of not very much confidence.94

The Soil Carbon Research Program funded by the Australian Government Department of
Agriculture, Forests and Fisheries (DAFF) and the Grain Research Development Corporation
(GRDC) aims to fill gaps in knowledge in relation to soil carbon, including in relation to existing soil
carbon levels in Victoria. This program is discussed in chapter three.

2.11

Methods to sequester soil carbon

As noted above, soil carbon sequestration is determined by the balance between carbon inputs to
the soil and carbon losses from the soil. Therefore, soil carbon sequestration is achieved by
implementing methods that:
•

increase carbon inputs to the soil by increasing organic matter inputs; and/or

•

reduce carbon losses from the soil by either reducing decomposition rates or changing the form
of carbon in the soil (that is, from an unstable to a stable form).95

As explained by the CSIRO in evidence to the Committee:
… if we want to build carbon, what we desire to do is maximise our inputs and reduce our
losses. Soil carbon is the balance between what we are putting in and what is going out
through decomposition. In whatever system you are in, if you can maximise the amount of
carbon going in, then for that system you will optimise the soil carbon values.96

Importantly, the main driver for sequestering soil carbon to date has been to improve soil health and
subsequently increase productivity rather than to mitigate climate change.
Methods to sequester soil carbon fall under three broad categories:
•

land use changes;

•

management practices; and

•

addition of external sources of carbon to the land.

Land use changes refer to changes in how agricultural land is used. Land use changes to sequester
soil carbon include: the conversion of crop land to forests; the conversion of crop land to pasture;
and the establishment of buffer strips (for example, planting trees along fence lines or streams).97
94
95
96
97
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Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.15
Monash University, Monash Sustainability Institute, submission no.25, p.7; CSIRO, submission no.19, p.8
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.5
Industry and Investment NSW, Chan et al., A farmer’s guide to increasing soil organic carbon under pastures,
2010, pp.11–12; NSW Department of Primary Industries, Chan et al., Scoping paper: Soil organic carbon
sequestration potential for agriculture in NSW, September 2008, pp.5–6; Australian Government, Bureau of Rural
Sciences, Soil carbon for sequestration and trading: A review of issues for agriculture and forestry, March 2009,
p.12
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A range of management practices are known to sequester soil carbon, and are identified below.
Some of these management practices sequester soil carbon by increasing carbon inputs to the soil,
while others sequester soil carbon by decreasing carbon losses from the soil.
•

cropping management – this includes practices such as: increasing productivity by using
fertilisers and irrigation; controlling erosion; eliminating fallows (preventing bare periods between
crops); and reducing stubble burning or removal;

•

conservation tillage – this includes practices such as: retaining stubble (refraining from grazing,
burning or removal); minimum tillage (minimise the use of tillage); and no-till (refrain from tilling);

•

pasture management – this includes practices such as: using fertilisers and irrigation to
increased productivity; managing grazing (for example, rotate fields to reduce grazing pressure);
improving grass species (for example, use high growth species); using legume crops (this
increases soil nitrogen and plant growth) and use of deep rooting perennial species; and

•

soil improvement – this includes practices that improve sodic soils (soils high in salt), which
affect plant growth, and reduce the acidity of soils, which also affect plant growth.

The addition of external sources of carbon to the land refers to any practice that adds carbon that is
derived from elsewhere to the land. This practice includes the addition of soil amendments to land,
such as animal manures, green waste (organic matter derived from plants), composts, biosolids
(human waste), coal based biological fertilisers and biochar.
Importantly, soil carbon is quickly lost if the land uses or management practices used to sequester
carbon are changed or discontinued. Furthermore, land uses and management practices are likely to
have different effects on soil carbon sequestration under different climates and soil types and
starting levels of soil carbon.98
The Committee only received evidence in relation to some management practices, including:
•

biochar;

•

composts;

•

summer green perennial groundcover and pasture cropping; and

•

minimum tillage systems.

These management practices are described in the boxes below. The potential benefits and adverse
effects associated with these management practices in terms of climate change, agriculture and the
environment are discussed in chapter five.

98

C Stokes and Howden, Adapting agriculture to climate change: Preparing Australian agriculture, forestry and
fisheries for the future, 2010, p.239; NSW Department of Primary Industries, Chan et al., Scoping paper: Soil
organic carbon sequestration potential for agriculture in NSW, September 2008, pp.5–6. Australian Government,
Bureau of Rural Sciences, Soil carbon for sequestration and trading: a review of issues for agriculture and forestry,
March 2009, p.23
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Biochar
Biochar is a type of charcoal that results from the heating of organic matter at high temperatures in
the absence of oxygen. This heating process is referred to as pyrolysis.
Biochar is much more stable or resistant to decomposition than the organic matter from which it was
formed. Biochar can remain in the soil for hundreds to thousands of years.
The pyrolysis process produces two main products:
• biochar, which can be used as a soil amendment in agriculture; and
• biofuels, including a synthetic gas (called syngas) or an oil (called bio-oil), which can be used
on-site to power the pyrolysis process or off-site as renewable energy.
A wide range of different types of organic matter can be used in the pyrolysis process to produce
biochar (called feedstocks) including: animal manures; green waste, forestry residues, biosolids;
industrial organic waste, including paper sludge; and agricultural waste.
Pyrolysis can be undertaken using a number of different production systems. The process can be
modified to maximise the production of either biochar or biofuels. The production system developed
by an Australian Company, Pacific Pyrolysis, is shown below.

Source:

Pacific Pyrolysis, www.pacificpyrolysis.com, accessed July, 2010

Not all biochar is the same. The properties of a particular biochar are largely determined by the type
of feedstock used to create the biochar and the conditions under which it is produced.
For example, biochar made from manure will have a higher nutrient content than biochar made from
woodchips. However, the biochar made from woodchips is more stable in the soil. Similarly, biochar
produced at 700 degrees centigrade will have a much higher capacity to absorb nutrients and toxic
substances than a biochar produced at 400 degrees centigrade.
There has been significant recent interest in biochar due to its potential to assist with the mitigation
of climate change. However, biochar can also have a range of agricultural and environmental
benefits.
The Committee understands that currently there is no commercial production of biochar in Australia
using pyrolysis technology. Most of the biochar produced is being used for trials.99
Currently, there are no standards established for the production of biochar in Australia.
Source:

99
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CSIRO, www.csiro.au, accessed July 2009; CSIRO, Biochar, climate change and soil: A review to guide future
research, 2009, pp.2-10

Wollongbar Primary Industries Institute, NSW Industry and Investment, personal communication, 21 July 2010
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Composts
Compost is organic matter that has been decomposed by micro-organisms in a controlled
environment in the presence of oxygen. The composting process must occur for a period of at least
six weeks, but many products are composted for an additional 12 to 16 weeks.
The composting process is a more rapid version of the natural process of decomposition of organic
matter undertaken in an environment under which the factors that influence the rate of
decomposition and the quality of the product (for example, temperature) can be controlled.
Compost products that have been composted for long periods of time generally contain a high
proportion of humic materials (the materials that comprise soil humus).
A wide range of different types of organic matter can be composted including: green waste, animal
manures; biosolids; food waste; forestry residues; agricultural waste; and industrial organic waste.
As with biochar, not all composts are the same. The properties of particular composts are largely
determined by the type of feedstock used to create the compost.
There are two broad categories of compost:
• composted mulch, which is applied to soil surfaces; and
• composted soil amendments, which are incorporated into the soil.
Most compost products are currently sold for use in urban gardens. However, increasing amounts of
compost products are being used in viticulture, horticulture and broadacre farming.
The composting industry in Victoria currently produces approximately 700,000 cubic metres of
compost per year, of which over 300,000 cubic metres is garden waste and food waste.
Composting can have a range of climate-related, agricultural and environmental benefits.
An Australian Standard (AS 4454) applies to the production of composts in Australia.
Sources: Compost Victoria submission no.23, pp.1-4; NSW Agriculture, Soil carbon sequestration utilising recycled
organics: a review of the scientific literature, 2002, pp.7–10

Perennial groundcover and pasture cropping
Dr Christine Jones, Founder, Australian Soil Carbon Accreditation Scheme, stated in her submission
that there is a close relationship between groundcover levels and soil carbon levels. Dr Jones
argued that the key impact of agriculture on the Victorian landscape has been the loss of ‘summer
green perennial groundcover’100 and that reversing this change will rebuild soil carbon levels.101
Dr Jones explained why establishing perennial groundcover increases soil carbon levels:
Photosynthesis, the most important driver for soil building, occurs for a much greater
portion of the year where groundcover is perennial, particularly where plants are summergreen. Further, the permanent presence of a living host provides a reliable supply of
soluble carbon and suitable habitat for colonisation by mycorrhizal fungi.102

Pasture cropping
Dr Jones argued in her submission that the technique of pasture cropping is one practice that can
be used to increase perennial ground cover and soil carbon sequestration.
Pasture cropping is a management practice that combines cropping and grazing practices,
producing crops for human use or forage (crops used to feed livestock) and pastures for grazing.

100
101
102

This refers to grasses that live for more than a few years and retain live green shoots over the summer
Australian Soil Carbon Accreditation Scheme, submission no.17, pp.13–14
ibid., p.22
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Crops are sown using zero or minimum till equipment into perennial pastures usually comprising
native grasses. During the cropping season, pastures are dormant and so their growth is
suppressed. Once the crop is harvested, the pastures resume their growth. Pastures are usually
grazed up to sowing, with herbicide sometimes strategically applied prior to sowing to reduce
weeds.
The aim of pasture cropping is to maintain as much groundcover and organic matter inputs into the
soil outside the cropping season as possible and to produce a harvestable and profitable crop.
Pasture cropping has been used in a number of different ways, including:
• sowing winter crops such as wheat, oats, lupins or canola into predominantly summer growing
native perennial pastures during dormant growth;
• sowing summer forage crops such as sorghum, lucerne, cowpeas or lab-lab beans into winter
growing native perennial pastures; and
• sowing crops such as oats into winter growing native perennial grasses.
Pasture cropping can also result in a range of other benefits, including increased profits, improved
soil health, efficient use of rainfall and nutrients in the soil, reduced erosion, and reduced inputs of
fertilisers and chemicals. However, pasture cropping can also result in adverse effects in some
cases, such as lower grain yields, increased insect damage to crops and machinery costs.
Sources: Australian Government, Department of Agriculture Fisheries and Forestry, http://soilhealthknowledge.com.au,
accessed July 2010; NSW Department of Primary Industries, Prime Fact No. 875 ‘Pasture Cropping’, 2009

Minimum tillage practices
Minimum tillage (also called conservation tillage) refers to a range of cropping practices that aim to
reduce the impact of conventional tillage.
Minimum tillage involves three or less tillage passes for soil preparation and seeding, which leaves
greater than 30 per cent of the soil surface covered with crop residue.
In contrast, conventional tillage involves more than three tillage passes for soil preparation and
seeding, which leaves less than 30 per cent of the soil surface covered with crop residue.
There are a number of different types of minimum tillage practices, which differ mainly in relation to
the degree of soil disturbance prior to seeding and during seeding.
A number of different definitions exist to describe the different types of minimum tillage practices.
The following definitions are used by the Department of Primary Industries:
• reduced tillage – one or two tillage passes are undertaken prior to seeding;
• direct-drill – no-tillage passes are undertaken prior to seeding – the crop is sown directly into an
untilled soil;
• no-till – no-tillage passes are undertaken prior to seeding – the crop is sown directly into an
untilled soil using ‘knife points’ so that less than 30 per cent of the soil is disturbed; and
• zero-till – no-tillage passes are undertaken prior to seeding – the crop is sown directly into an
untilled soil using a disc seeder.
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According to the Western Australia No-tillage Farmers Association, a number of additional principles
are applied when implementing no-till and zero-till practices:
• permanent soil cover through stubble retention and the use of ‘cover’ crops;
• minimal soil disturbance, including at seeding;
• minimal soil compaction by reducing the use of mechanical equipment and stock trampling; and
• high levels of crop rotation and a diversity of chemicals to control crop diseases and weeds.
Minimal tillage practices can have a range of climate-related, agricultural and environmental
benefits.
Sources: Department of Primary Industries, www.dpi.vic.gov.au, accessed July 2010; Western Australian No-tillage
Farmers Association, www.wantfa.com.au, accessed July 2010; Victorian No-Till Farmers Association Inc,
www.vicnotill.com.au, accessed July 2010

2.12

Limits to increases in soil carbon

The capacity of soils to sequester carbon is finite.103Some scientists consider that a soil will reach its
maximum capacity to sequester carbon as it approaches a new equilibrium level following an
increase in carbon inputs to the soil.104
However, other scientists have introduced the concept of ‘carbon saturation’, which is defined as the
maximum capacity of a soil to sequester carbon based on the physical and chemical properties of a
soil. Currently, there is little evidence from field work to support the concept of carbon saturation.105
Knowing the maximum capacity of soils to sequester carbon is likely to be important in determining
how much and how quickly carbon can be sequestered in soil.106 The government identified in its
submission that the maximum capacity for most soil types in Victoria is not currently known.107
As soil carbon levels approach equilibrium or carbon saturation levels, increases in soil carbon levels
will slow. A new management practice implemented on a soil that is close to its equilibrium or carbon
saturation level may not increase soil carbon levels significantly, while the identical practice on the
same soil that is not near saturation may increase levels significantly.108
As the CSIRO explained in its submission to the inquiry:
An additional issue requiring consideration is how long has the traditional management
been imposed and what effect has this had on soil carbon content at the point of changed
management. If traditional cropping systems have been in place for an extended period of
time and soil carbon has been run down, it will be easier to build carbon up again than in a
situation where carbon has not been run down. Where carbon has not been run down, it is

103
104

105
106
107
108

CSIRO, submission no.19, p.8
NSW Department of Primary Industries, Chan et al., Scoping Paper: Soil organic carbon sequestration potential for
agriculture in NSW, September 2008, p.6; CSIRO, Soil carbon sequestration potential: A review for Australian
agriculture, 2010, p.21
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.21
Australian Government, Bureau of Rural Sciences, Soil carbon for sequestration and trading: a review of issues for
agriculture and forestry, March 2009, p.14
Victorian Government, submission no.34, p.11
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.21
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possible that what ever management regime is imposed, soil carbon may continue to
decline … just not as fast as it would under traditional … management.109

In evidence to the Committee, the CSIRO presented a graph that highlighted this point, which is
shown in figure 2.9. The figure shows that despite the continued addition of manure to the soil, soil
carbon levels began to level off after a number of decades.
Figure 2.9

Source:

2.13

Soils reaching maximum carbon storage capacity

CSIRO, Environment and Natural Resources Committee public hearing – Melbourne, 1 March 2010

Climate change and soil carbon sequestration

Climate change is likely to have a significant influence on soil carbon levels. The likely overall affect
of climate change on levels is not well understood. However, the affect may be mixed across regions
and may change with time.110 The ability to predict the carbon sequestration potential of soils and the
capacity for soils to sequester carbon permanently will be more uncertain under climate change.111
Climate change may result in soils becoming net sources of carbon dioxide, which is released to the
atmosphere as a result of increased temperatures, reduced rainfall and increased fire events. 112
However, increased atmospheric carbon dioxide levels may also increase plant productivity, which
may negate some or all of these impacts.

109
110
111
112
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A study of the potential impact of climate change on soil carbon levels in Australia estimated that by
the year 2100, under a scenario of low global emissions, 113 soil carbon levels in the upper 10
centimetres of soil would increase by 0.6 per cent on average across Australia compared with a
scenario of no climate change.114 This slight increase in levels is caused by an increase in plant
productivity, which results in higher carbon inputs to the soil.115 However, under a scenario of high
global emissions,116 soil carbon levels in the upper ten centimetres of soil would decrease across
Australia by an average of 6.4 per cent compared with a scenario of no climate change.117 Under this
scenario, Australian soils would become a net source of carbon dioxide.118
Mr Jaymie Norris, Carbon Monitoring Project Officer, Department of Sustainability and Environment,
described the potential impact of climate change on soil carbon levels in Victoria:
Changes in temperature and rainfall impact [soil carbon levels] … It is going to be harder to
maintain carbon [under climate change], and we even may see more loss, irrespective of
what activities we undertake to try [to] mitigate against that. That is one of the complexities
we are dealing with in terms of the climate. Increased temperature means increased carbon
loss into the atmosphere [from the soil]. Decreased rainfall can also mean increased carbon
loss into the atmosphere from the soil.119
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Under this scenario, greenhouse gas concentrations are assumed to increase to 520 parts per million up to 2100
(current levels are about 380 parts per million). The scenarios take into account the IPCC emissions scenarios;
Grace et al., ‘The potential impact of climate change on Australia’s soil organic carbon resources’, Carbon balance
and management, 2006, vol. 1, p.6
Grace et al., ‘The potential impact of climate change on Australia’s soil organic carbon resources’, Carbon balance
and management, 2006, vol. 1, pp.1–2
As measured by net primary productivity
Under this scenario, greenhouse gas concentrations are assumed to increase to 1080 parts per million up to 2100
While changes in temperature and rainfall due to climate change will increase the rate of decomposition and thus
increase carbon losses from soils, this is partially offset by an increase in carbon inputs to soils due to increases in
plant productivity. However, overall, there is a reduction of soil carbon levels by 6.4 per cent
Grace et al., ‘The potential impact of climate change on Australia’s soil organic carbon resources’, Carbon balance
and management, 2006, vol. 1, p.1
Mr J Norris, Carbon Monitoring Project Officer, Department of Sustainability and Environment, Department of
Primary Industries, briefing to the Environment and Natural Resources Committee – Melbourne, 14 December 2009

31

Chapter 3:
3.1

Policy context

Introduction

There are limited legislative and policy frameworks established at an international, national, state or
regional level of relevance to soil carbon sequestration in Victoria. Such frameworks have been slow
to develop primarily because of significant gaps in scientific knowledge in relation to soil carbon. The
uncertainty this creates is exacerbated by the fact that the status and final design of key policies,
including the Australian Government’s proposed Carbon Pollution Reduction Scheme, is uncertain.
The following points are relevant to the policy context relating to soil carbon sequestration in Victoria:
•

because soil carbon is proposed as a strategy to mitigate climate change, domestic policies are
significantly influenced by international policies, in particular, the Kyoto Protocol, and more
specifically, the carbon accounting rules established under the protocol;

•

because policies that relate to soil carbon are significantly influenced by international policies,
the few domestic policy frameworks that are being developed in relation to soil carbon
sequestration are being developed primarily at the national level;

•

a number of key policies that could apply to soil carbon do not currently have legal status and
their final design is uncertain, including the proposed Carbon Pollution Reduction Scheme and
the Victorian Government’s proposed Victorian Carbon Exchange; and

•

most of the focus in relation to policies on soil carbon sequestration across Australia has been
on establishing research programs that aim to fill gaps in scientific knowledge.

The main policy response of the Victorian Government to the renewed interest in soil carbon
sequestration to date has also been to focus on filling gaps in scientific knowledge. In its submission
to the inquiry, the government stated:
Reflecting the relatively new and incomplete nature of the underlying science as well as the
important role that the Commonwealth will now play in setting policy, policy responses at the
state level have so far focused primarily on:
•
•
•

investing in more research to get a better understanding of soil carbon sequestration
processes;
sponsoring of on-ground pilot projects and the testing of practical soil management
techniques, particularly in farming/agricultural settings; and
designing new incentive systems that will encourage land managers to not only
sequester more carbon in soil, but to do so in ways that can generate additional private
and public benefits (for example, improved soil productivity for farmers; additional
environmental benefits for the community).120

This chapter discusses policies and programs relevant to soil carbon sequestration.

120

Victorian Government, submission no.34, p.36
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This chapter responds to two terms of reference of the inquiry that require the Committee to:
•

identify linkages with the proposed Carbon Pollution Reduction Scheme and other relevant
federal government policies; and

•

identify linkages with existing Victorian Government policies.

3.2

International framework

3.2.1

Kyoto Protocol

The Kyoto Protocol is an international legally binding agreement negotiated in 1997 under the United
Nations Framework Convention on Climate Change (UNFCCC). The protocol aims to reduce the
total greenhouse gas emissions of the developed countries listed in Annex 1 of the protocol
(including Australia) by 5 per cent below 1990 levels during the period 2008 to 2012, which is called
the first commitment period.121
Each developed country has a specific emissions target that it is required to meet. Australia’s target
is 108 per cent above 1990 levels. This equates to emissions of 592 million tonnes per year over the
2008-2012 period. Most other developed countries have emissions targets below 1990 levels.122
The Kyoto Protocol establishes three flexibility mechanisms, which can be used to a limited extent
by developed countries to reduce their net emissions:
•

the Clean Development Mechanism (CDM), which allows developed countries to generate
carbon credits by undertaking projects to reduce emissions in developing countries;

•

the Joint Implementation (JI) mechanism, which allows developed countries to generate carbon
credits by undertaking projects to reduce emissions in other developed countries; and

•

emissions trading, which allows developed countries who have reduced emissions by more than
required to sell their excess reductions to countries that are emitting above their target.123

A carbon credit refers to the amount of greenhouse gas emissions reduced or the amount of
greenhouse gases removed from the atmosphere due to a carbon offset. One carbon credit is
usually equal to one tonne of carbon dioxide equivalent. A carbon credit forms a basic unit for trade
in a carbon market.
The carbon credits created through offset projects established under the CDM and JI mechanism
can be counted by a developed country towards meeting its emissions target.
Both the CDM and JI mechanism allow for offset projects that relate to soil carbon sequestration on
agricultural lands. However, each offset project must be supported by an accounting methodology
approved by the UNFCCC, which aims to ensure that the project achieves its purpose. The
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Committee understands that currently, no offset projects or methodologies have been developed
under the CDM that relate to soil carbon sequestration on agricultural lands.124
Under the Kyoto Protocol, each developed country is required to measure the amount of emissions
and removals of greenhouse gases from the atmosphere that it generates, which is reported each
year in national emissions inventories. Detailed accounting rules have been established under the
protocol regarding how a country must account for its emissions. A number of articles of the Kyoto
Protocol are particularly important in terms of measuring and reporting emissions associated with the
agricultural sector and soil carbon:
•

Article 3.1 – sets out the main sources of emissions and removals that must be accounted for.
The five main sources are: the energy sector; industrial processes; the agricultural sector;
waste; and land use and forestry.125 The agricultural sector is required to report on emissions of
nitrous oxide and methane, from the following:
− livestock;
− manure management;
− rice cultivation;
− burning of savanna pastures;
− burning of stubble; and
− nitrous oxide emissions from agricultural soil.

•

Article 3.3 – sets out what emissions and removals must be accounted for in relation to:
− deforestation (conversion of forests to a non-forest land use – for example, agriculture);
− afforestation (conversion of land to forests that has not contained a forest for at least
50 years); and
− reforestation (conversion of land to forests that did not contain a forest on 31 December
1989).

•

Article 3.4 – allows developed countries to elect to account for emissions and removals from
land-based activities that are not included in Articles 3.1 and 3.3, including:
− crop land management;
− grazing land management;
− forest management; and
− revegetation.126
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Ms I Millar, Senior Associate, Baker and McKenzie, Environment and Natural Resources Committee public hearing
– Sydney, 10 May 2010, transcript of evidence, p.207
Australian Government, Department of Climate Change and Energy Efficiency, Australian national greenhouse
accounts, state and territory greenhouse gas inventories, 2007, p.12
Revegetation refers to the establishment of vegetation greater than 0.05 hectares and that does not meet the
definitions of reforestation and afforestation; Australian Government, Department of Climate Change and Energy
Efficiency, Carbon Pollution Reduction Scheme, Australia’s low pollution future, 2008, Vol.2, Appendix C, p.C-9
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Importantly, under the Kyoto Protocol there is a general requirement that when accounting for
emissions and removals under Articles 3.3 and 3.4, soil carbon must be accounted for in addition to
accounting for the carbon stored in vegetation. This general requirement does not apply to Article
3.1.127
The Australian Government has chosen not to account for any emissions and removals under Article
3.4 because the accounting rules established under the Kyoto Protocol require developed countries
to account for emissions due to both natural events (such as fire and drought) and human activities.
The government’s position is that having to account for natural events is unreasonable and creates a
risk that Australia may not meet its Kyoto Protocol target.128
Ms Ilona Millar, Senior Associate, Baker and McKenzie, advised the Committee that only a few
developed countries have elected to account for activities under Article 3.4:
The reasons why most countries have elected to not report for crop land management and
grazing land management are twofold. One is because of the requirement that accounting
[for greenhouse gas emissions] must also include accounting for natural disturbance events.
Because of the significant fluctuation as a result of fire, droughts and things like that in
countries like Australia, accounting for those would be very difficult in terms of our emissions
profile in managing that to meet a Kyoto Protocol target…The other reason is that at the
time when countries were electing to account, [the] measurement, monitoring, reporting
[and] verification for soil carbon in those two areas [crop land management and grazing land
management] has been particularly difficult. Obviously that is getting better as science
improves, but there was a lot of uncertainty around [this].129

The decision not to account for emissions and removals under Article 3.4 has important implications
for domestic climate change policy. The proposed Carbon Pollution Reduction Scheme (CPRS) aims
to ensure that Australia meets its obligations under the Kyoto Protocol and therefore generally only
targets those emissions sources that Australia accounts for under the protocol. As such, the
proposed CPRS does not include changes in soil carbon on agricultural lands.130
The Committee understands that the accounting rules for the second commitment period of the
Kyoto Protocol (the period beyond 2012) are currently being negotiated and that the issue of having
to account for emissions due to natural events may be addressed. If this were to occur, Australia
may decide to account for changes in soil carbon on agricultural lands under the protocol, which may
in turn affect how this issue is addressed under the proposed CPRS.131
In summary, the Kyoto Protocol requires Australia to measure and report on emissions and removals
due to changes in soil carbon on forest lands due to deforestation, reforestation and afforestation,
but not on agricultural lands due to crop land and grazing land management, as Australia has
chosen not to account for emissions under Article 3.4.
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3.2.2

Copenhagen Accord

At Copenhagen in 2009, parties to the UNFCCC established the Copenhagen Accord, under which
the parties agreed to:
•

hold any increase in global temperature to below two degrees Celsius;

•

specify emissions targets for developed countries;

•

specify actions to reduce emissions by developing countries;

•

develop a framework for measurement, reporting and verification of the actions that developed
and developing countries will implement to reduce emissions; and

•

provide financing to support emissions reductions and adaptation in developing countries.132

Australia has formally registered its support for the Copenhagen Accord. Countries were invited to
submit information on their emission targets and mitigation actions pursuant to the accord by 31
January 2010.133 Australia recently submitted its existing 2020 target range for reducing emissions,
namely a 5 per cent unconditional reduction below 2000 levels, and up to 15 to 25 per cent
reductions below 2000 levels conditional on the action taken by other countries.134

3.2.3

Emissions reduction schemes

Worldwide, there are a limited number of emissions reduction schemes that include soil carbon on
agricultural lands. There are no schemes established under the mandatory market,135 and there are
only a few schemes that include soil carbon established under the voluntary market. The key
differences between mandatory and voluntary markets are described in the box below.
Types of carbon markets
There are two types of carbon markets:
• Mandatory markets – this comprises carbon permits that are created for purposes that relate to
obligations under a mandatory emissions reduction scheme. Examples include the Clean
Development Mechanism under the Kyoto Protocol, the European Union’s Emissions Trading
Scheme, and the Australian Government’s proposed Carbon Pollution Reduction Scheme.
• Voluntary markets – this comprises carbon permits that are created for purposes that do not relate
to obligations under a mandatory emissions reduction scheme. Examples include the Chicago
Climate Exchange and the Australian Government’s National Carbon Offset Standard.
The voluntary carbon market provides a mechanism to achieve emissions reductions that are
additional to reductions achieved under the mandatory market.
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A voluntary carbon market exists in Australia. However, currently, no soil carbon offsets have been
established in Australia to sell carbon credits into the voluntary carbon market.
Voluntary markets are generally small compared with mandatory markets. In 2007, demand for
voluntary offsets in Australia and New Zealand was around 0.5 per cent of Australia’s emissions. 136
Buyers in the global voluntary carbon market include individuals (five per cent), non-government
organisations (15 per cent) and businesses (80 per cent). Businesses buy carbon credits to offset
certain products and services and to meet corporate commitments to social responsibility.137
An offset project can potentially participate in the mandatory or voluntary market.138 However, not all
offset projects can generate offset permits that can be used in a mandatory market.
In general, standards for offsets to be used in the mandatory markets are stricter than those for the
voluntary market. As such, the credits generated for offset projects established for mandatory markets
are often more expensive than the credits generated for voluntary market projects.139

Mandatory market schemes include:
•

the European Union (EU) established an Emissions Trading Scheme in 2005. The scheme does
not cover the agricultural sector, which means that the sector is not liable for the emissions it
generates. Furthermore, the agricultural sector cannot create offsets that can be used by
businesses covered by the scheme to meet their emissions reduction obligations.140 Soil carbon
sequestration on agricultural land is not covered by the scheme and cannot create offsets;

•

the United States passed legislation in the House of Representatives to establish an emissions
reduction scheme in 2009. The legislation has not yet passed the Senate.141 Similar to the EU,
the proposed scheme would not cover the agricultural sector. However the sector would be able
to create offsets that can be used by businesses covered by the scheme to meet their emissions
reduction obligations.142 Offsets could be created for soil carbon sequestration on agricultural
land; and

•

New Zealand established an emissions reduction scheme in 2010. The scheme will cover the
agricultural sector in 2015. The sector can create offsets that can be used by businesses
covered by the scheme to meet their emissions reduction obligations. Currently, offsets can be
created for activities such as establishing forests and utilising fertilisers more efficiently.
However, soil carbon sequestration on agricultural land cannot currently create offsets.143
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Voluntary market schemes include:
•

the Chicago Climate Exchange established in the United States; and

•

a scheme established in Portugal.

The Chicago Climate Exchange and the Portuguese scheme are described below.
Chicago Climate Exchange
The Chicago Climate Exchange (CCX) is a voluntary and legally binding carbon trading scheme
established in the United States in 2003. The CCX currently has over 350 members.144
Members of the CCX have made a legally binding commitment to meet annual emissions reduction
targets for a total reduction of 6 per cent below baseline levels by 2010.
Baselines are determined for each member based on their average emissions over a specified
period prior to joining the CCX.145
Members are allocated emission permits on an annual basis in amounts equal to their annual
emissions targets. Members who reduce emissions beyond their annual targets will create surplus
permits, which they are able to sell to other members or bank for their own use in the future.146
Members can meet their annual targets in one of three ways:
• reduce their emissions (for example, by increasing energy efficiency);
• purchase emissions permits from other members who have reduced their emissions beyond
their annual targets; and/or
• purchase offset permits that conform to CCX offset rules.147
Members who do not meet their emissions targets must comply with the scheme by purchasing
emissions permits or offset permits, which are traded on the CCX.148
The CCX allows soil carbon sequestration projects to generate carbon credits, which can be traded
on the CCX. There are three types of soil carbon sequestration projects:
• sustainable grazing practices (for example, sustainable stocking rates, rotational grazing);
• conservation tillage (for example, no-till, strip-till, zero-till, direct seeding); and
• conversion of crop lands to grasslands.149
The CCX awards carbon credits for soil carbon sequestration projects on the basis of standard
sequestration rates per acre per year. These rates vary according to the location of the offset
project in the United States, the practices implemented on the land and the condition of the land.150
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The CCX has established protocols that set out the rules and accounting methodologies that must
be applied in establishing a soil carbon sequestration project, define eligible practices, identify how
baselines must be calculated and set out monitoring and verification requirements. Two protocols
have been established for soil carbon on agricultural lands, one in relation to conservation tillage
and another in relation to rangeland management.151 The protocols also identify:
• the zones within the United States that are eligible for soil carbon sequestration projects;
• the practices that must be implemented in each zone (these may differ between zones); and
• the rates of sequestration per acre per year awarded for projects within each zone.152
For example, the protocol for conservation tillage identifies that offset providers within zone A will be
awarded carbon credits at a rate of 0.6 tonnes of carbon dioxide sequestered per acre per year if
they implement certain practices (for example, no-till) and refrain from implementing other practices
(for example, stubble burning). Offset providers within zone B are awarded credits at a lower rate.153
The rates are based on estimates of soil carbon sequestration provided by expert knowledge, longterm trial data and simulations of soil carbon sequestration in response to management. The quoted
CCX sequestration rate for a zone is generally much lower than the actual sequestration rate for
specific locations within the zones.
The figure below shows the eligible zones and the rate of sequestration for each zone across the
United States for implementing conservation tillage practices.

A number of other features of the CCX are relevant in relation to soil carbon sequestration projects:
• Offset projects involving less than 10,000 tonnes of carbon dioxide per year must use an offset
aggregator. An aggregator administers many offset projects across an area on behalf of offset
providers, including selling the carbon credits generated by the projects on the CCX.
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• The issue of permanence is addressed by requiring offset providers to maintain a carbon buffer
pool. Each project is required to place 20 per cent of the carbon credits it generates into the
carbon pool, which are released to the offset provider at the end of the project.
• Offset projects involve a minimum commitment to employ practices over a five year period.
• All offset projects must be independently verified by an assessor approved by the CCX.154
Up until about 2007-2008, soil carbon sequestration projects were about half the volume of credits
traded on the CCX. However, the price of the credits is low, perhaps due to a lack of confidence in
the quality and robustness of the credits.155 The average price in 2009 was about $3.50 per tonne of
carbon dioxide, but prices ranged from about 20 cents up to about $3.156

Portuguese soil carbon offsets scheme
Portugal has elected to account for emissions on agricultural lands under Article 3.4 of the Kyoto
Protocol. Due to concerns that Portugal would not meet its Kyoto Protocol target, the Portuguese
Government established the Portuguese Carbon Fund to purchase carbon credits from international
and national offset projects.
About $US14 million from the Portuguese Carbon Fund has been allocated to a soil carbon offsets
scheme that will pay an estimated 400 Portuguese farmers to increase soil carbon sequestration in
grasslands over an estimated 42,000 hectares. The scheme will operate over a three year period
(2010 – 2012) and is estimated to sequester about 900,000 tonnes of carbon dioxide equivalent,
which is approximately 0.16 per cent of Australia’s total greenhouse gas emissions in 2007.
Farmers participating in the scheme will replace their current practices (involving extensive rotation
of annual crops with conventional tillage followed by fallow periods and grazing) with a technique
called Sown Biodiverse Permanent Pastures Rich in Legumes.
The technique involves using no-till techniques to seed pastures with a biodiverse mix of legumes
and grasses, followed by grazing under sustainable stocking rates. Seed mixes are selected
according to soil type and climate conditions and contain up to 20 different species.
Trials of this technique across 84 properties in Portugal showed that soil organic matter increased
by 0.2 per cent per year over a period of 10 years, equating to 5 tonnes of carbon dioxide
sequestered per hectare per year. The technique also reduced the need to use nitrogen fertilisers
and was shown to have an overall carbon benefit.
In order for the Portuguese Government to use the scheme to contribute to meeting its emissions
target under the Kyoto Protocol, the scheme must comply with Kyoto’s strict criteria including the
principles of additionality and permanence.
In terms of permanence, under the scheme, farmers are only obliged to implement the technique
over a three year period. However, proponent’s of the scheme argue that farmers are not expected
to revert back to previous practices because of the likely productivity benefits gained as a result of
implementing the technique.
The scheme is regarded by the Portuguese Government as a temporary solution that allows time for
the government to implement further emissions reduction strategies beyond 2012.
Source:
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3.2.4

Offset principles

A number of offset principles have been established at an international level over the last decade. In
particular, the principles developed for the Clean Development Mechanism of the Kyoto Protocol are
used in many offset standards worldwide. The principles aim to ensure that abatement (the reduction
of greenhouse gas emissions or the removal of greenhouse gases from the atmosphere) from
offsets is credible and that offsets achieve their purpose.
The principles require that offsets are:
•

additional – the abatement generated must be beyond what would be undertaken as part of
business-as-usual investment and beyond what is required by regulation;

•

permanent – the establishment of offsets must have occurred and the carbon stored or
sequestered must not be released into the atmosphere for a long period of time;

•

measurable – the methodologies used to quantify the amount of abatement generated must be
robust and scientifically defensible;

•

transparent – consumers and other interested stakeholders must be able to examine information
on the projects supported on a publicly available website; and

•

independently verified – projects must be verified to validate the eligibility of the project and the
abatement achieved and to ensure that no conflict of interest occurs.157

It is likely that a soil carbon sequestration project established in Australia under any emissions
reduction scheme will be required to meet these internationally accepted offset principles. Two main
issues were raised in evidence to the Committee in relation to these principles:
•

it is currently not clear how these principles will be applied in relation to soil carbon; and

•

the nature of soil carbon may make it difficult to apply these principles.

No offset projects for soil carbon sequestration on agricultural land have been developed under the
Clean Development Mechanism of the Kyoto Protocol, which means there is currently no precedent
for applying these principles to soil carbon sequestration projects in a mandatory market. In addition,
while the Australian Government’s National Carbon Offset Standard incorporates these offset
principles, it is not yet clear how they will be applied in practice under the standard.
The Committee received much evidence about the likely difficulties in meeting these offset principles
in relation to soil carbon sequestration, particularly the principles of additionality, permanence and
measurability.
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However, while addressing these principles is a potential barrier to the development of soil carbon
sequestration projects, some participants in the inquiry implied that this barrier can be overcome.158
The principle of additionality is often determined in international offset standards by applying a
number of tests, which aim to determine whether the offset project would have occurred in any case.
These tests include:
•

regulatory test – whether the project is required by regulations or industry standards;

•

financial test – whether the project is profitable without taking into account the money obtained
by selling the carbon credits created by the project; and

•

common practice test – whether the project employs common practices or technologies.159

The Committee was advised that such additionality tests are often applied differently under
emissions reduction schemes:
[Under] the Chicago Climate Exchange … additionality has been addressed through
effectively a test that says, ‘Is this common practice? If it is not, it is potentially additional. Is
there something required by legislation? And if there is not, then it is additional’. If you look
at how additionality is dealt with in other carbon standards, like the voluntary carbon
standard or the [Clean Development Mechanism], there are much more rigorous tests for
additionality.160

Despite these tests, it can be difficult to provide evidence of additionality in practice.161 Furthermore,
some management practices that sequester soil carbon are being adopted by farmers across
Australia because of the associated agricultural benefits. An example is minimum tillage practices,
which have been widely adopted by farmers in Victoria.162 There is an argument that such practices,
because they are profitable, may not strictly meet the additionality principle under the financial test
and common practice test.
The Committee also heard criticism of the additionality tests applied under the Clean Development
Mechanism of the Kyoto Protocol and the Australian Government’s previous Greenhouse Friendly
program in relation to forestry.163 In evidence to the Committee, Professor Annette Cowie, Director,
National Centre for Rural Greenhouse Gas Research, University of New England, highlighted some
of the limitations associated with the tests:
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In forestry … requiring financial additionality in Greenhouse Friendly and the CDM is
basically an invitation [for] creative accounting. Having to demonstrate that it is not
economic to undertake that practice is really not a workable test. I would suggest that as
long as you can demonstrate environmental additionality — that is, that you have created
real abatement — then that should be sufficient.164

Whether the principle of verifiability is a barrier in relation to soil carbon will depend on how soil
carbon is measured. For example, if an emissions reduction scheme awarded soil carbon credits on
the basis of implementing management practices known to increase soil carbon levels rather than by
measuring soil carbon increases, then verification would be relatively easy to address. However, if
soil carbon was required to be measured, then verification would be difficult and costly.165
The issue of measurability and permanence in relation to soil carbon sequestration is discussed in
chapter four.

3.3

Australia

The few domestic policies that relate to soil carbon sequestration are being developed primarily at
the national level. The key national policies that relate to soil carbon are the proposed Carbon
Pollution Reduction Scheme (CPRS) and the National Carbon Offset Standard. However, the
proposed CPRS currently does not have any legal status and its final design is uncertain.

3.3.1

Carbon Pollution Reduction Scheme

The proposed CPRS was intended to be the Australian Government’s key strategy to reduce
Australia’s greenhouse gas emissions and meet its obligations under international agreements. In
April 2010, the then Prime Minister announced that the government had decided to delay the
implementation of the CPRS due to a lack of bipartisan support and slow international progress on
climate change action. Currently, it is intended that the CPRS will not be introduced until after the
first commitment period of the Kyoto Protocol (beyond 2012) and only after there is clarity on the
actions of other major developed countries.166
The Australian Government first introduced the proposed CPRS into the Australian Parliament on
the 14 May 2009. A number of significant amendments were made in November 2009 as a result of
negotiations with the Federal Opposition, including in relation to the agricultural sector. The
amended CPRS was introduced into Parliament on 2 February 2010.167
The proposed CPRS uses a cap and trade mechanism to reduce greenhouse gas emissions below
business-as-usual levels. The scheme results in a price being placed on carbon pollution. This
makes emissions-intensive goods and services more expensive, which in turn provides incentives
for businesses and consumers to adjust their behaviour and reduce emissions.
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An outline of the main features of the proposed CPRS is provided below:
Proposed Carbon Pollution Reduction Scheme
The key components of the proposed CPRS are:
• A cap is placed on total greenhouse gas emissions in Australia. The cap would be determined for
each year and lowered over time. It would reflect the Australian Government’s reduction
targets168 and an indicative trajectory to meet those targets.
• The Australian Government would issue permits each year that allow businesses to emit
greenhouse gases. The number issued would be equal to the scheme cap for that year.
• Businesses covered by the scheme would be required to report their emissions each year and to
purchase one permit for each tonne of greenhouse gases emitted each year.
• Permits could be traded. Businesses would compete to purchase permits and the price of the
permits would be determined by the market as a result of supply and demand.
• Only sectors not covered by the scheme would be able to generate carbon credits through
emissions reductions or sequestration activities. Carbon credits could be purchased by
businesses covered by the proposed CPRS to offset their emissions.
• The scheme would be linked to international carbon markets. Businesses could purchase Kyoto
compliant carbon credits from overseas in order to meet their compliance obligations under the
scheme. Credits generated under the scheme would not be able to be sold overseas.
• The scheme would cover all six greenhouse gases that are included under the Kyoto Protocol,
including carbon dioxide, nitrous oxide and methane.169
• The scheme is designed to cover the following sectors of the economy: stationary energy;
transport; fugitive emissions (uncontrolled emissions that do not pass through control points,
such as a pollution stack); industrial processes; waste; and forestry (on a voluntary basis).170
The scheme would only cover businesses that emit more than 25,000 tonnes of greenhouse gases
each year. Other businesses would not be required to purchase permits for their emissions. The
scheme would cover about 1,000 businesses, which generate approximately 75 per cent of Australia’s
total emissions.171

The following aspects of the proposed CPRS are of significance in relation to soil carbon:
•

the agricultural sector is not covered by the proposed scheme, which means that the sector is
not liable for the emissions it generates. The government has stated that it will consider
alternative ways for the sector to contribute to reducing Australia’s emissions;172

•

the agricultural sector would be able to create offsets that could either be used by businesses
covered by the proposed CPRS to offset their emissions or by participants in the voluntary
carbon market. The proposed CPRS recognises three types of agricultural offsets:
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− offsets created due to the abatement of emission sources that are counted towards
Australia’s Kyoto Protocol target (CPRS offsets). Carbon credits created by CPRS offsets
comply with international accounting rules and can be used by businesses to meet their
emissions reduction obligations under the proposed CPRS;
− offsets created due to the abatement of emission sources that are not counted towards
Australia’s Kyoto Protocol target (voluntary offsets). Carbon credits created by voluntary
offsets do not comply with international accounting rules and cannot be used by businesses
to meet their obligations under the proposed CPRS, but can be used in the voluntary carbon
market under the Australian Government’s National Carbon Offset Standard; and
− offsets created due to reforestation (CPRS opt-in offsets).173 Reforestation is included in the
proposed scheme on a voluntary basis, which means that landowners can choose to be
covered in order to create carbon credits. Credits created by CPRS opt-in offsets comply
with international accounting rules and can be used by businesses to meet their obligations
under the proposed CPRS.174
•

offsets can only be used subject to the development of robust methodologies.175

In summary, under the proposed CPRS the agricultural sector is not liable for its emissions.
However, the sector can create three types of offsets, only two of which apply to soil carbon
sequestration: CPRS opt-in offsets due to reforestation (these carbon credits can be used in
mandatory or voluntary markets); and voluntary offsets due to activities on agricultural soils (these
carbon credits can only be used in the voluntary market).

3.3.2

National Carbon Offset Standard

The National Carbon Offset Standard (NCOS) is a voluntary offset standard developed by the
Australian Government for the voluntary carbon market. The NCOS took effect from 1 July 2010 and
replaces the government’s Greenhouse Friendly program.176 It aims to ensure that consumers have
confidence in the voluntary market and the integrity of carbon offset and carbon neutral products.
The NCOS applies to offsets created due to the abatement of emission sources that are not counted
towards Australia’s Kyoto Protocol target (that is, voluntary offsets), which means that the NCOS will
reduce emissions beyond that achieved by the proposed CPRS and Australia’s target.177
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The NCOS allows offset projects to be developed in Australia to abate a range of emission sources,
including those covered under Article 3.4 of the Kyoto Protocol. Offset projects can be developed in
relation to:
•

agricultural soils, including:
− crop land management;
− grazing land management; and
− biochar;

•

forest management; and

•

revegetation (that does not meet forest definitions under the Kyoto Protocol).178

The NCOS also allows a range of carbon credits created under the mandatory market and some
voluntary standards to be retired in the voluntary market, including credits created under:
•

the proposed CPRS;

•

the Kyoto Protocol (for example, under the Clean Development Mechanism and Joint
Implementation mechanism); and

•

international standards.

The NCOS does not establish methodologies to measure the greenhouse gas reductions due to
offset projects. Rather, it is expected that offset proponents (for example, farmers) will develop
methodologies in consultation with the Australian Government. The methodologies developed under
NCOS must be approved by the Domestic Offsets Integrity Committee, who will make
recommendations to the Minister for Climate Change, Energy Efficiency and Water.179
In order for offset methodologies and projects to be considered eligible under the NCOS, they must
meet a number of carbon offset principles, which are similar to the internationally accepted principles
identified in section 3.2.4. According to NCOS, an offset must be: additional; permanent;
measurable; transparent; independently audited; and registered.180
While the NCOS will operate outside the mandatory carbon market, it has a number of benefits in
relation to the future development of the mandatory market, as explained by The Climate Institute:
The [National Carbon Offset Scheme] means that someone wanting to develop a soil
carbon product now has an opportunity to do so, knowing they are not being rewarded by
the formal market price but that nevertheless there is a market there. I think that is
extremely important for a couple of reasons: one, because it keeps the door open to
changes in international rules in bringing those two markets together; two, because it spurs
innovation in the development of credible, realistic, marketable products for soil. So if people
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feel they can do it, they have that opportunity to do it, and I think that is really important. It
tests the waters and enables people to see modest but early rewards.181

3.3.3

Summary of agricultural offsets types

Table 3.1 provides a summary of offset types in the agricultural sector under both the proposed
CPRS and the NCOS and identifies what offset types apply to soil carbon sequestration.
Table 3.1

Summary of offset types and emissions sources

Offset type

Emissions
sources covered

Covered by

Applies to
soil carbon
sequestration?

Counted
towards
Kyoto target?

Proposed
CPRS

No

Yes

CPRS offsets

•
•
•
•
•
•

CPRS opt-in offsets

• reforestation

Proposed CPRS

Yes

Yes

Voluntary offsets

• agricultural soils, including:
- crop land management
- grazing land management
- biochar
• enhanced forest management
• revegetation (that does not meet
forest definitions under the Kyoto
Protocol)

National Carbon
Offset Standard

Yes

No

3.3.4

livestock
manure management
rice cultivation
burning of savanna pastures
burning of stubble
nitrous oxide emissions from
agricultural soil

Australian Government programs

A number of Australian Government programs are relevant to soil carbon sequestration, including:
Caring for our Country
Two billion dollars have been allocated to the Caring for our Country program between 2008-2013.
Funding under Caring for our Country is provided across six national priority areas.182 The priority
area most relevant to soil carbon sequestration is ‘sustainable farming practices’. Targets to be
achieved under the current business plan for this priority area by 2013 include: 183

181
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183
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•

an additional 42,000 farmers will have improved their management practices to reduce the risk
of soil acidification and soil loss through erosion and increase soil carbon levels;184 and

•

improved management practices will have been applied to an additional 70 million hectares of
land under cropping, grazing (including dairy farming) and horticulture.185

The current business plan calls for sustainable farming practices projects in four categories. One of
the categories is improving soil condition, which includes reference to increasing soil carbon levels.
Activities eligible for funding under this category include cropping, grazing and horticulture methods
that increase groundcover. Other eligible activities include the development of industry guidelines
and codes of practice, information dissemination through extension activities, trialling existing
practices to adapt them to local conditions and developing and trialling new innovative practices.186
Soil Carbon Research Program
The Soil Carbon Research Program (SCRP) is a $20 million program funded by the Department of
Agriculture, Forests and Fisheries and the Grain Research Development Corporation and
established under the Australian Government’s Climate Change Research Program. SCRP is led by
the CSIRO and involves research institutions across Australia. The program commenced on 30 April
2009 and will conclude on 30 June 2012.187
The purpose of SCRP is to:
•

provide a nationally consistent assessment of soil carbon conditions across the major land use
and soil type combinations used for agricultural production across Australia;

•

identify land uses and management practices that can build soil carbon at regional levels;

•

quantify the inputs of carbon to soils under agricultural systems based on perennial vegetation;

•

develop rapid and cost-effective means for quantifying soil carbon stocks; and

•

provide data to further develop Australia’s national carbon accounting tool.188

In evidence to the Committee, the CSIRO further explained the aims of the program:
The objective of the program is basically to define the impact of agriculture on soil carbon
content and composition on a regional basis. It is trying to get down to understanding what
different management practices are going to do on given soil types in given regions.
In the Wimmera area, they are looking at tillage versus non-tillage on the deep dark vertisoltype soils. In the Mallee they are separating the dunes from the swales because we know
those two soils are quite different in their capabilities. We would be trying to find out what
the impact of management is on those two systems or those two parts of the system, and
then invoke adequate strategies for both of them, so it might be that the dune part of the
dune/swale system gets farmed quite differently than the swale.
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Including aquaculture farmers
Australian Government, Caring for our country: Business plan 2010–11, 2010, p.75
Australian Government, Caring for our country: Business plan 2010–11, 2010, pp.77–78; The type of funding
available for sustainable farming practices projects under the 2010-2011 business plan includes: open call for
proposals for funding between $20,000 and $300,000; and expression of interest for up to a total of five projects
between $300,000 and $1.5 million. It is expected that proponents will contribute to project costs
CSIRO, www.csiro.au, accessed June 2010
ibid.
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…we would definitely like to, in essence, mark out our soils, mark out their potential for
holding soil carbon and then target the areas that have the biggest potential first.189

The SCRP aims to provide guidance to state agencies and landholders about what land uses and
management practices will increase soil carbon levels on agricultural lands.190
The SCRP will involve research across Australia, including a significant component in Victoria, which
is funded by the Department of Primary Industries (DPI).191 In evidence to the Committee, Dr Fiona
Robertson, Senior Research Scientist, DPI, stated:
For the Victorian project we are going to sample most regions in the state. We are using
these primary production landscapes of Victoria, which are divided up in the state according
to soil type and climatic zones. Within each zone now we have chosen the two dominant
agricultural soil types, and we will be targeting these farm managements where they occur
in the regions: grazing with sheep, dairy systems, beef cattle and grain cropping.
We are looking for a very large number of samples over three years; we are looking for 800
sites. At each one of these regions, for each combination of region by soil type, we are
looking for 25 sites for any one management… At the most basic level we are going to be
testing hypotheses such as these: that grazing systems sequester more carbon than
cropping systems; that dairy systems sequester more than beef or sheep; and comparing
stubble retention and stubble burning, zero tillage and conventional cultivation. 192

Dr Robertson also stated that the measurements of soil carbon will include total amounts of soil
carbon and the amounts of soil carbon in the different forms.
As noted in chapter two, there are a number of important gaps in scientific knowledge in relation to
soil carbon. The Committee is of the view that the SCRP is an important program that is likely to
address some of these gaps in knowledge. However, the SCRP will not address all gaps in
knowledge, and the Committee has made recommendations for further research in this report.
Biochar Research Program
Similar to the SCRP, the Biochar Research Program is a three year $1.4 million program funded by
DAFF and GRDC and established under the Climate Change Research Program. The program is
led by the CSIRO and involves research institutions across Australia.193
The program aims to fill gaps in scientific knowledge about biochar and address uncertainties in
relation to the benefits and risks associated with its use. The program involves:
•

a life cycle assessment of biochar, including costs, risks, benefits and implications for farmers;

•

the categorisation of biochars according to their properties and suggested usage;

•

an economic assessment of biochar for both net greenhouse gas emissions and potential
profitability to land owners; and

189

Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, pp.8, 13–14
CSIRO, www.csiro.au, accessed 1 June 2010
Dr F Robertson, Senior Research Scientist, Department of Primary Industries, Environment and Natural Resources
Committee public hearing – Horsham, 30 March 2010, transcript of evidence, p.135
ibid.
Australian Government, Department of Agriculture, Fisheries and Forestry, www.daff.gov.au, June 2010

190
191
192
193

50

Chapter 3: Policy context

•

the analysis of risk factors in terms of rates of applications as well as the potential production of
toxic by-products during pyrolysis (the process that converts organic matter to biochar).194

3.4

Victoria

The main focus of the Victorian Government to date in relation to soil carbon sequestration has been
to fill gaps in scientific knowledge.195 Current Victorian legislation generally relates only indirectly to
soil carbon. However, some policies and programs are of direct relevance to soil carbon. In addition,
some Catchment Management Authorities (CMAs) have established programs and activities that
promote soil health.

3.4.1

Legislation

The Victorian Government submission states that the existing state legislation that is most relevant
to soil carbon sequestration is:
•

Catchment and Land Protection Act 1994, which divides Victoria into ten catchment regions and
establishes a CMA for each region. CMAs play a major role in the sustainable management of
land and water resources in Victoria and are involved in a number of programs in relation to soil
carbon sequestration across Victoria.196 It is important to note that the Victorian Government, in
the Land and Biodiversity White Paper, has proposed major reforms to this act, including the
amalgamation of CMAs;197

•

Environment Protection Act 1970, which requires that any products applied to the land must be
fit for purpose and not cause aesthetic or chemical contamination of land. This act has
implications for the application of products such as composts and biochar to agricultural land;
and198

•

Sustainable Forests (Timber) Act 2004, which requires the establishment of criteria and
indicators for the sustainable management of Victoria’s state forests. Soil carbon is included
under criteria 4 and 5 and indicator 4.1, 5.1 and 5.2. Indicator 4.1 requires that the impacts of
forestry activities on various soil properties are assessed. Indicator 5.1 requires that soil carbon
stocks are estimated for each forest type, age class and successional stage. Indicator 5.2
requires that carbon dioxide uptake or release is estimated for each forest type and age class.199

The key legal issue raised in evidence to the Committee in relation to soil carbon sequestration in
Victoria was the issue of carbon sequestration rights (CSR). A CSR is a right to the benefits (and
risks) that arise from carbon sequestration on a specific area of land. A CSR separates the
ownership of the sequestered carbon from the ownership of the trees or the land where that carbon
is stored. It allows carbon investors, who do not want to own or manage trees or land, to buy and sell
carbon as a third party, without affecting the ownership of the trees or the land. A CSR is often
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ibid.
Victorian Government, submission no.34, p.36
ibid., pp.36–39
Victorian Government, Department of Sustainability and Environment, Securing our natural future: A white paper for
land and biodiversity at a time of climate change, 2009, pp.24–25, 40–42
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supported by an agreement that specifies how the trees or land that store the carbon are to be
managed or protected to ensure that the carbon remains sequestered into the future.200
Ms Ilona Millar, Senior Associate, Baker and McKenzie, explained the purpose of CSRs:
… the purpose of … carbon property rights legislation has been to enable the land title to
separate from the right to own the trees and the forest products and also the right to own the
carbon sequestered in the trees. That disaggregation of those property rights allows
different people to own the carbon and then engage in projects to develop and trade that
carbon.201

The Committee understands that Victorian legislation does not currently recognise CSRs in relation
to soil. The Victorian Forestry Rights Act 1996, which applies only to private land, establishes carbon
sequestration rights in relation to trees, but not soil. This act provides for the ownership of the carbon
stored in the trees to be separated from the ownership of the trees and the land by means of a
Carbon Rights Agreement between the tree owner and the carbon investor. If the land is sold, the
rights of the investor can be protected by the inclusion of appropriate clauses in the agreement.202
Western Australia is the only Australian jurisdiction that has enacted legislation to establish carbon
sequestration rights in relation to soil.203 The Western Australian Carbon Rights Act 2003 establishes
carbon sequestration rights in relation to both trees and soil, and also provides for the establishment
of a carbon covenant over land, which can specify how the trees or soil are to be managed or
protected to ensure that the carbon remains sequestered into the future.204
The Committee received evidence of the importance of establishing legislation to clearly define
CSRs to ensure certainty about the ownership of the carbon sequestered in trees or soil. For
example, Ms Millar stated:
Without [the separation of property rights] there is potential uncertainty about who owns the
carbon, as between the government and the landowner. That is certainly the case in terms
of where, in most states, I think, the landowner will own the first 150 millimetres, or 15
centimetres, of carbon, and then below that the resources vest back in the state. But also in
terms of being able to develop carbon projects, having certainty around carbon property
rights is something that is quite important, particularly where you are looking to third parties
to develop projects, which has been the experience in the forestry sector.205

Given that the NCOS provides a framework for the establishment of soil carbon sequestration
projects in Australia, the Committee agrees with the need to establish legislation in Victoria that
ensures certainty for stakeholders about the ownership of carbon sequestered in the soil.
200
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Accordingly, the Committee recommends that:
RECOMMENDATION 3.1
Carbon sequestration rights in soils should be recognised and clarified under Victorian law.

3.4.2

Policies and programs

Key Victorian Government policies and programs relevant to soil carbon sequestration are:
•

Climate Change White Paper;

•

Land and Biodiversity White Paper;

•

Soil Health Strategy; and

•

LandCarbon project.

Climate Change White Paper
The Victorian Climate Change White Paper set outs ten actions that the Victorian Government will
take over the next four years to address climate change.206 The government intends to release an
Implementation Plan later in 2010 that will provide further details.207
Action six is most relevant to soil carbon sequestration. Under this action, the government proposes
to undertake the following initiatives:
•

establish a Victorian Carbon Exchange, which will facilitate the establishment of a voluntary
carbon market in Victoria. The Committee understands that initially land managers and farmers
would be able to establish offsets only in relation to forestry. Soil carbon sequestration projects
could be established once measurement methodologies and standards have been established,
either by the Australian Government or the Victorian Government;208

•

the Victorian Government will develop measurement methodologies and standards for
agricultural offsets, such as soil carbon sequestration projects, by July 2011 if such
methodologies and standards have not been established under the NCOS;209

•

establish vegetation and soil carbon sequestration rights, which gives landholders the rights to
any economic benefits of carbon sequestration activities. Carbon sequestration rights would be
established through the proposed Climate Change Act; and 210

•

establish clear rules under which Crown land can be used for carbon sequestration purposes.
This would also occur through the proposed Climate Change Act. 211
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Land and Biodiversity White Paper
According to the Victorian Government, the Land and Biodiversity White Paper is a strategic
framework to secure the health of Victoria’s land, water and biodiversity in the face of ongoing
pressures and a changing climate over the next fifty years. The paper set outs major reforms in
relation to the way natural resources are managed in Victoria.212
The white paper sets out a range of goals, policy positions and specific actions in relation to the
future management of land, water and biodiversity resources. A number of policy positions and
actions specifically relate to soils, soil health and soil carbon sequestration.
The white paper proposes a risk management approach to soils. It is proposed that soils will be
better integrated into modelling tools such as the Environmental Systems Modelling Platform,
Regional Catchment Strategies, investment processes and farm management planning. Soil
research will focus on increasing the understanding of soil carbon and identifying areas where soil
management can deliver public benefits, including soil carbon sequestration.213
A number of actions in the white paper are directly relevant to soil carbon:
•

invest in research to improve understanding of the role of soil carbon; 214

•

estimate carbon stocks on public land by 2010;215

•

develop a statement on soil health by the end of 2011;

•

develop an action plan to update modelling tools and farm planning tools to include a more
comprehensive range of soil management issues by 2012; and

•

develop a strategy to capture knowledge on soil management by 2012.216

A number of other policy positions or actions in the white paper are also relevant to soil carbon
sequestration. In particular, the Victorian Government proposes to:
•

establish a statewide program to monitor and report on the condition of natural resources,
including establishing a Land Health Index to monitor resources, including soil health; and217

•

identify opportunities to accelerate the development of environmental markets and the use of
market-based instruments and link the carbon market to other markets.218

The Committee supports the actions identified in the white paper in relation to soil carbon and
believes these actions will increase the level of knowledge about soil carbon and the capacity to
manage soils to promote soil carbon sequestration in Victoria.
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Soil Health Strategy
The Department of Sustainability and Environment (DSE) is currently preparing a Soil Health Policy
Position and a Soil Health Strategy in accordance with the Land and Biodiversity White Paper. The
Committee understands that the strategy will address soil carbon and:
•

set out DSE’s objectives and targets for soil, soil carbon and salinity;

•

set out three year investment priorities for soil;

•

identify and map the extent of risks to soil assets across Victoria; and

•

outline a strategy to address key soil issues.219

LandCarbon project
The LandCarbon project aims to inform the Victorian Government’s understanding of carbon stored
on land, and in particular, on public land. 220 The project was developed under the Land and
Biodiversity White Paper, which proposes that the government develop an event-based estimation of
carbon stocks on public land to better understand the asset and impacting factors by 2010.221 The
government explained the purpose of the project in its evidence to the Committee:
Victoria is the first state in Australia that has been modelling carbon on public land. We have
done that because we recognise public land into the future is going to continue to deliver all
the benefits it delivers at the moment. We deliver timber, we have biodiversity benefits and
we deliver recreational programs; carbon is going to be an added extra. The crucial thing
about the land carbon project is understanding what is going to happen to carbon on public
land. The first element of all of that is that we wanted to do a stocktake. What does it mean?
How much carbon is on public land?222

LandCarbon is an ongoing project.
In evidence to the Committee, the DPI identified a number of additional programs and other work
relevant to soil carbon sequestration in Victoria that has recently or is currently being undertaken by
DPI:
•

using data from, and undertaking additional sampling at long-term experiment sites to inform
various soil carbon projects, including to prepare more accurate maps of soil carbon levels
across Victoria and to build models that can be used to estimate soil carbon levels;223

•

collaborating with the CSIRO to improve soil carbon measurement techniques;224
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•

collaborating on the Soil Carbon Research Program, led by the CSIRO, which involves sampling
of soil carbon levels at a number of sites across Victoria; and225

•

presenting healthy soil workshops across Victoria. This project aimed to communicate the
department’s research in relation to soil health, including soil organic matter, to farmers.226

3.4.3

Regional and local authorities and groups

CMAs, local councils and Landcare groups play a significant role in natural resource management in
Victoria, including in relation to the management of soils.
The Committee was advised that the work done to date on soils at regional and local levels has
focused primarily on soil health for the purposes of sustainable agriculture rather than on soil carbon
for the purposes of mitigating climate change. 227 For example, Mr David Cummings, consultant,
stated in evidence to the hearing:
So soil health and soil carbon are intimately linked, but people in the farming community
concentrate on health rather than carbon at this stage.228

A review by the Committee of the ten Regional Catchment Strategies prepared by CMAs identified
that only one regional strategy – the North East Catchment Management Authority regional strategy
- mentions soil carbon. This strategy identifies the need to develop regional targets for soil carbon
levels. 229 Furthermore, only a few regional strategies identify a decline in the volume of organic
matter as a key threat to soil health. Regional strategies generally focus more broadly on soil health,
and particularly issues such as erosion, salinity, acidity, and soil structural and fertility decline.
Almost all regional strategies identify the preparation of a regional soil health strategy or plans as a
priority action.
The Corangamite CMA soil health strategy is one such example The strategy identifies priorities for
investment to protect assets in the region (for example, agriculture, public land, wetlands) from soilrelated threats or processes. 230 It identifies 20 key priorities for investment. However, while soil
carbon decline was identified as one of 12 key threats to assets, it was not referred to amongst the
investment priorities because of a lack of information on soil carbon in the region.231
The Committee was advised of a number of other initiatives undertaken by regional and local
authorities and groups in relation to soil health and soil carbon, including:
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•

Corangamite CMA has also established the Land Health Program, which focuses on improving
soil health in the region. Part of the program, which is largely funded by Caring for our Country
focuses on soil carbon. Farmers in certain locations will be engaged to implement management
practices, including increasing perennial vegetation. The program also includes the delivery of
Environmental Best Management Practice232 training courses on soil carbon;233

•

West Gippsland CMA has recently prepared a soil health policy position paper and is currently
considering whether to prepare a soil health strategy. The CMA is also seeking funding to
determine existing soil carbon levels across the region;234

•

Goulburn Broken Catchment Landcare Network (a network of 23 Landcare groups) is
undertaking trials on a number of properties to assess the suitability of pasture cropping in the
region. The project includes investigating the financial and productivity costs and benefits of
pasture cropping as well as information sessions and field days;235

•

Glenelg-Hopkins CMA and North East CMA are jointly involved in field trials of biochar produced
in a portable unit. The trials aim to assess the agricultural benefits of biochar in the regions and
a number of other issues, including the overall carbon benefit;236

•

Wimmera CMA has provided incentives to farmers to convert low productive soils to permanent
pasture or native vegetation and has promoted minimum tillage practices. The primary aim of
both programs is to control soil erosion;237

•

The Bass Coast Landcare Group is involved in an incentive program that uses a market-based
instrument to improve soil health on farms across the project area. The group has also
developed a soil health scorecard, which includes soil carbon as an indicator; and238

•

Hindmarsh Shire Council has prepared the Hindmarsh Shire Environmental Strategy, which
identifies soil health, and specifically the loss of soil carbon, as a key issue. The strategy
proposes a number of actions and targets in relation to soil health.239

The Committee recognises the important work being undertaken by the CMAs and their local
communities on soil health and the associated benefits of this work for soil carbon.
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Chapter 4:

Measurement of soil carbon
sequestration

Key findings
4.1

Soil carbon sequestration can be measured through direct measurement, which involves
taking soil samples for analysis in a laboratory, or estimated using simulation modelling
and a range of other methods.

4.2

Direct measurement of soil carbon sequestration poses a number of challenges because:
•

soil carbon levels often vary significantly across a small area;

•

soil carbon levels are generally low in Australia and change slowly; and

•

many soil samples must be taken to ensure accuracy, which means measurement is
expensive.

4.3

Models used to predict soil carbon sequestration are currently only suitable for use across
a narrow range of climates, soil types, land uses and management practices in Australia.
Such models cannot at present be used accurately at a farm level.

4.4

While a number of alternative techniques are being developed that can measure soil
carbon levels without the need to take samples requiring analysis in a laboratory, these
are currently at a research stage and are unlikely to be available for wider application for a
number of years.

4.1

Introduction

In order for a land manager or farmer to participate in a carbon market or any alternative incentive
mechanism for soil carbon sequestration, the amount of soil carbon sequestered over a given area
and period of time must be estimated. Soil carbon sequestration can be measured using a wide
range of methods. Two key methods currently in use are:
•

direct measurement, which involves taking soil samples for analysis in a laboratory to determine
soil carbon levels – the amount of soil carbon sequestered is then determined by the difference
between the soil carbon levels at the beginning and end of the measurement period; and

•

the use of simulation models, which predict changes in soil carbon under specific climates, soil
types, land uses and management practices.

Many witnesses and submissions highlighted the difficulties of measuring soil carbon sequestration.
While technologies exist to accurately measure the amount of soil carbon in a soil sample, direct
measurement of soil carbon sequestration at a farm level poses a number of challenges because:
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•

soil carbon levels often vary significantly across a small area (for example, a paddock) and with
soil depth, which means that many samples are required to accurately measure the amount of
soil carbon sequestered across a large area (for example, a farm); and

•

soil carbon levels are generally low in Australia and change slowly in response to the adoption of
land uses and management practices – this makes changes in soil carbon levels, and thus the
amount of soil carbon sequestered, difficult to determine.240

In evidence to the Committee, Dr Jeff Baldock, Stream Leader, Sustainable Agriculture Flagship,
CSIRO, stated:
… from time to time, people [say] that soil carbon is too difficult to measure. If you give me a
sample I can give you an answer back of how much carbon is in it with a very high degree of
accuracy. The question is, how reflective is that sample you have given me, of the paddock
that you want to put a given management across, or the region… As we start [measuring
across larger areas], that is where the issue about measurement comes in.241

Because direct measurement requires many soil samples to be taken, the cost of measurement is
very high. As Associate Professor Tony Patti, Centre for Green Chemistry, Monash University stated
to the Committee:
We can measure [soil carbon sequestration]. It is the cost of measuring it, because you
have to take so many samples, that I think is the catch at the moment.242

While a range of alternatives to direct measurement exist or are currently being developed, including
models and alternative techniques that can measure soil carbon levels without the need to take
samples for analysis in a laboratory, these are not currently suitable for use at a farm level.
Dr Baldock advised the Committee that the challenge for soil carbon measurement is to develop a
methodology that combines some of the measurement methods currently available or under
development that can reduce the costs and time associated with the existing methods.243
Witnesses and submissions used the term soil carbon measurement in a number of different
contexts and therefore the meaning associated with usage of this term varied. For this reason, this
chapter has grouped measurement issues into three categories:
•

international and national guidelines – the methodologies used to calculate the greenhouse gas
reductions due to soil carbon sequestration projects;

•

project level measurement – methods to measure soil carbon levels in order to determine soil
carbon sequestration over a defined period of time and area and under specific land uses and
management practices; and

•

sample level measurement – methods to measure soil carbon levels in individual samples.
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This chapter discusses key issues in relation to these three levels of measurement. This chapter
addresses the terms of reference of the inquiry that requires the Committee to consider
methodologies for measurement of the effects of carbon sequestration, including any potential
issues associated with the measurement of benefits.

4.2

International and national guidelines

The development of methodologies to calculate the greenhouse gas reductions due to offset projects
in Australia, including soil carbon sequestration projects, is likely to be influenced by a range of
guidelines and standards that have been developed at both an international and national level.244
These include:
•

International Panel on Climate Change (IPCC) guidelines for generating national level
greenhouse gas inventories;245

•

international and Australian standards for greenhouse gas accounting;246

•

the Australian Government’s National Carbon Offset Standard (NCOS); and

•

offset principles established at an international level.

Importantly, the international guidelines and standards, which significantly influence the development
of methodologies in Australia, are being continually revised as a result of scientific developments
and negotiations between countries, particularly in relation to soil carbon sequestration projects.
Furthermore, Ms Ilona Millar, Senior Associate, Baker and McKenzie, advised the Committee that
there is a lack of robust methodologies at an international level that can be applied to soil carbon
sequestration projects, and that this is a significant barrier to soil carbon sequestration in Australia.247
The IPCC guidelines provide direction to national governments in relation to national emissions
inventories. However, the guidelines also recommend the use of a range of international standards
that apply to measurement at a project or farm level that could be used in relation to soil carbon
sequestration.248
The NCOS and the offset principles established at an international level were discussed in
chapter three. The NCOS establishes a framework for the development of methodologies to
measure the greenhouse gas reductions due to offset projects in Australia, including soil carbon
sequestration projects. The NCOS does not establish specific measurement methodologies. Rather,
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See also additional NCOS requirements and relevant good practice guides, as well as ASO 14064:2006 series1-3
IPCC (2006) Agriculture, forestry and other land use, in Vol.4, IPCC guidelines for national greenhouse gas
inventories
In particular AS ISO 14064.1:2006; AS ISO 14064.2:2006; AS ISO 14064.3:2006; ISO 14040:2006 and ISO
14044:2006
Ms I Millar, Senior Associate, Baker and McKenzie, Environment and Natural Resources Committee public hearing
– Sydney, 10 May 2010, transcript of evidence, p.210; Associate Professor Tony Patti also advised the Committee
that there is no agreement worldwide on the methods that should be used to measure soil carbon sequestration;
Associate Professor T Patti, Centre for Green Chemistry, Monash University, Environment and Natural Resources
Committee public hearing – Melbourne, 15 March 2010, transcript of evidence, p.42
The 2006 IPCC guidelines update the 1996 IPCC guidelines with new sources of emissions and gases as well as
updating previously published methods of calculation. The 2006 Guidelines are widely accepted but are as yet to
be formally approved under the Kyoto Protocol
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it is expected that offset proponents (for example, farmers) will develop methodologies in
consultation with the Australian Government.249
The NCOS also requires that offset projects meet a number of offset principles. This chapter
discusses the aspects of the NCOS and the offset principles that relate specifically to measuring soil
carbon sequestration – in particular, measurability and permanence.

4.2.1

Measurability

The NCOS specifies that methodologies to measure the greenhouse gas reductions due to offset
projects, including soil carbon sequestration projects, must:
•

clearly define a boundary for the offset project – this includes defining a physical boundary (for
example, the area over which sequestration will be measured) and the sources of emissions that
will be taken into account in calculating the emissions reductions or sequestration due to the
project;250

•

clearly define any emissions or reduction factors251 and activity levels252 used to calculate
emissions reductions or sequestration due to the project;

•

determine how baseline emissions will be calculated – baseline emissions are the emissions
that would have occurred in the absence of the project and against which the emissions
reductions or sequestration due to the project are measured;

•

specify the uncertainty associated with the calculations of emissions reductions or sequestration
due to the project; and

•

identify any risks associated with emissions reductions or sequestration (for example, the ‘loss’
of soil carbon due to a natural event, such as a fire) and how these risks will be accounted for.253

Furthermore, methodologies, emissions reductions calculations and project monitoring
arrangements must be made available on a publicly accessible website and proponents of offset
projects are responsible for having their offset projects independently audited.254

4.2.2

Permanence

Reducing or avoiding activities that emit greenhouse gases (for example, by replacing energy
derived from fossil fuels with renewable energy) permanently reduces emissions. In contrast,
sequestration may not be permanent because carbon is sequestered in carbon sinks (for example,
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ACIL Tasman, Australian agriculture as a provider of carbon offsets: Possibilities and issues in developing an
offsets market: A discussion paper, 2010, p.A2
For example, as noted in chapter five, a soil carbon sequestration project may result in emissions of nitrous oxide.
A decision will have to be made as to whether these emissions will be included within the project boundary (that is,
taken into account in calculating the emissions reductions or sequestration due to the project)
An emission or reduction factor is used to convert data on activity levels into greenhouse gas emissions or
removals of greenhouse gases from the atmosphere. Emissions and reduction factors are different for each activity
that produces greenhouse gas emissions or sequesters greenhouse gases
An activity level is a quantitative measure of activity that results in a greenhouse gas emission or removal.
Examples include the amount of fuels or electricity consumed or the area of land over which sequestration occurs.
Australian Government, Department of Climate Change and Energy Efficiency, National carbon offset standard,
(undated) p.5
ibid.
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in soils and vegetation) that are part of the global carbon cycle and are continually interchanging with
the atmosphere.255
Permanence was raised by many witnesses as a key issue in relation to soil carbon sequestration
because soil carbon levels can regularly change in response to a wide range of natural and humaninduced factors. As stated in evidence to the Committee by Professor Annette Cowie, Director,
National Centre for Rural Greenhouse Gas Research, University of New England: ‘[soil carbon] is
vulnerable, it is easy to lose it and it is slow to build it back up again’.256
The issue of permanence is further complicated by the fact that soil carbon occurs in a number of
forms, which have different vulnerabilities to ‘loss’ back into the atmosphere as carbon dioxide. This
raises the question of whether only the more stable forms of soil carbon should be considered in
relation to soil carbon offsets. However, Ms Ichsani Wheeler, PhD candidate, University of Sydney
argued that the science is not yet adequate to allow accounting for the different forms of soil carbon:
I agree that it is perhaps not so useful to try and define different pools and state how long
those pools will last, because we do not yet know enough about how to change the land
management to increase particular pools and not other pools. The science around that is
not yet resolved, and I do not think it will be any time soon.257

In evidence to the Committee, Ms Millar, identified that permanence for soil carbon sequestration
projects under the Chicago Climate Exchange is defined as five years.258 Permanence is defined and
addressed differently under various emissions reduction schemes and standards worldwide. For
example, permanence for reforestation projects under the Australian Government’s proposed
Carbon Pollution Reduction Scheme is defined as approximately 100 years, while for forestry
projects under the Voluntary Carbon Standard (an international offset standard) permanence is
defined as anything between 30 and 70 years.259
The National Carbon Offset Standard (NCOS) currently specifies that the carbon sequestered due to
an offset project must not be released into the atmosphere in the future.260 However, it is likely that
the NCOS will define permanence more narrowly by requiring that sequestration is maintained over
a specified time period.
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United States Department of Agriculture, Economics of sequestering carbon in the U.S. agricultural sector,
technical bulletin no. 1909, p.4; For the value of sequestration in mitigating climate change to be equivalent to
reducing or avoiding emissions, sequestration must be maintained for a period equal to the time that emitted
carbon remains in the atmosphere, which is approximately 100 years, 2004, p.4
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.217
Ms I Wheeler, PhD candidate, Faculty of Agriculture, Food and Natural Resources, University of Sydney,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.227
Proponents of soil carbon sequestration projects must either hold a proportion of offsets in trust for a 5 year period
or the amount of credits awarded are discounted upfront. This is equivalent to 20 per cent of offsets held back for
sustainable rangeland management; CCX offset project protocol for agricultural best management practices –
Sustainably managed rangeland soil carbon sequestration, 2009, p.20 and a 10-20 per cent discount for
conservation tillage projects, CCX offset project protocol: Agricultural best management practices – Continuous
conservation tillage and conversion to grassland soil carbon sequestration, 2009 p.18
Ms I Millar, Senior Associate, Baker and McKenzie, Environment and Natural Resources Committee public hearing
– Sydney, 10 May 2010, transcript of evidence, p.209
Australian Government, Department of Climate Change and Energy Efficiency, National carbon offset standard,
(undated), p.v
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A number of witnesses put forward recommendations on how permanence could be addressed in
relation to soil carbon sequestration. For example, Professor Cowie suggested that permanence for
soil carbon could be addressed in the same way as it is for forestry:
Now the question of permanence obviously is a really difficult one in relation to soil carbon.
We know that the soil carbon pool is vulnerable, but so is forestry. We have come up with
ways to manage the issue of permanence in forestry with measures such as unsold buffers,
so that we can [rectify] losses; using conservative estimates of sequestration rates…; and
geographic spread [of sequestration sites], so you are not likely to lose it all at once,
because the drought over here is not likely to be happening over there.261

Some submissions identified that the application of biochar addresses the permanence issue
because it is thought to remain stable in the soil for hundreds to thousands of years.262
The issue of permanence creates a number of key challenges for land managers and farmers
because, as Mr Peter Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management
Authority explained in evidence to the Committee, it is unreasonable to expect a farmer to commit to
a land use or management practice for a period of 100 years or ‘in perpetuity’, or to fund
measurement and monitoring over that period. 263
Furthermore, because sequestration may not be permanent, it potentially has less value as a
strategy to mitigate climate change than reducing or avoiding activities that emit greenhouse gases.
This has led to the development of approaches at an international level that discount the value of a
sequestration project relative to the value of an emissions reduction project.
One such approach – the tonne-year approach – allows credits to be awarded for the number of
tonnes of carbon sequestered, but uses an equivalency factor to equate a specific number of
tonne-years with permanent emissions reductions.264 For example, if the equivalency factor for a
sequestration project is determined to be 50, then the project would need to sequester 50 tonnes of
carbon to be equivalent to a project that reduced emissions permanently by one tonne of carbon.265
A range of equivalency values have been proposed in the literature, ranging from 42 to 150.266
Such an approach significantly reduces the value of a credit created by a soil carbon sequestration
project relative to a credit created by an offset project that reduces or avoids emissions, in
recognition of the greater risks and uncertainties associated with sequestration projects.

261

262
263
264
265
266

64

Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.218
Monash University, Monash Sustainability Institute, submission no.25, p.5; Black is Green submission no.26,
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Mr P Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management Authority. Environment and
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and policy, vol. 4, p.262
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4.3

Project level measurement

Soil carbon sequestration can be measured using two distinct but equally valid approaches:267
•

the gain-loss approach, which uses simulation models to predict soil carbon sequestration; and

•

the stock-difference approach, which uses direct measurement or emissions or reduction factors
and activity data to measure soil carbon sequestration.

These approaches can be used to estimate the amount of soil carbon sequestered in a given area at
a project or farm level or across a region. Nevertheless, it is likely that proponents of soil carbon
sequestration projects will decide which approach to adopt under the NCOS on a case by case basis
until sufficient precedence has been established and recommended methodologies can be selected.
To date, these two approaches, and in particular, the stock-difference approach, have been used
worldwide and in Australia primarily to measure sequestration from forestry offset projects. However,
there has been limited development of both approaches for soil carbon sequestration projects. A
version of the stock-difference approach has been used in the Chicago Climate Exchange (CCX) to
measure soil carbon sequestration associated with soil carbon sequestration projects.268
The Committee was advised of a range of different views on the gain-loss and stock-difference
approaches. Some witnesses suggested there may be no need for direct measurement approaches
at a project or farm level and that the CCX type systems would be more suitable to be applied over
large areas due to ease of system set-up and significantly reduced costs to the landholder.269
However, most witnesses argued that a combination of modelling and measurement approaches,
including the use of emissions factors and activity data in some cases, is likely to be the most
appropriate way to measure soil carbon sequestration. 270 For example, in evidence to the
Committee, Dr Baldock stated: ‘what we need to be doing is combining our measurement, our
modelling and our spatial analysis’.271
Similarly, Professor Cowie stated in evidence to the Committee:
… in forestry the approach that is taken is a combination of … measurements and models. I
think we need to take that sort of approach with soil carbon, too. There are some people
who are suggesting we can only trade soil carbon if we can go out and measure it all. I do
267
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IPCC, Generic methodologies applicable to multiple land use categories in Vol.2, IPCC guidelines for national
greenhouse gas inventories, 2006, pp.2.9–2.10
Changes in soil carbon pools are determined using indirect measures such as commitment to various management
styles in conjunction with activity data and emissions factors. This method can also be applied more intensively
through the use of direct, periodical measurements of soil carbon levels
Mr M Thompson, Chief Executive Officer, Wimmera Catchment Management Authority. Environment and Natural
Resources Committee public hearing – Horsham, 29 March 2010, transcript of evidence, p.90; Australian Soil
Carbon Accreditation Scheme, submission no.17, p.5
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.218; Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of
Soil Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.230; Dr J Baldock, Stream
Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources Committee public hearing –
Melbourne, 1 March 2010, transcript of evidence, p.9
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.9
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not believe that can possibly be cost-effective. We will spend more in terms of dollars … if
we have to go and physically collect samples from all the paddocks that are involved in
emissions trading.272

A key issue raised by many witnesses was that the costs of reliable methods to measure soil carbon
are high when applied at a project or farm level273 and may outweigh any financial benefits received.
However, the relative costs of the different approaches are difficult to determine given the lack of:
•

a clear approach for addressing permanence under the NCOS;

•

certainty in relation to a carbon price; and

•

soil carbon sequestration projects that set a precedent.

A major portion of the cost of stock-difference approaches that use direct measurements is the cost
of collecting and analysing soil samples in the laboratory. However, a number of new methods for
measuring soil carbon are currently being developed, which have the potential to reduce the costs
and the time taken to collect and analyse soil carbon samples.
A further issue raised by witnesses was the lack of measures to quantify the accuracy of an estimate
of soil carbon sequestration at a project or farm level. 274 It is important that any soil carbon
sequestration estimate be accompanied by an uncertainty275 of that estimate – that is, some form of
quality measure276 – to enable estimates undertaken using different measurement approaches to be
compared. Under a carbon trading scheme an estimate with a high uncertainty should be worth less
than an estimate with a low uncertainty. In its submission, the Environmental Farmers Network
highlighted the reasons why uncertainty estimates are required:
As with measuring wool fibre diameter in sale lots, similarly you can never know the exact
amount of soil carbon sequestered in a given area of land.277

Some experimental methods to measure soil carbon sequestration suggested to the Committee by
witnesses and in submissions are set out in Appendix 4.

4.3.1

Gain-loss approach

The gain-loss approach uses soil carbon simulation models to measure soil carbon sequestration. A
soil carbon simulation model is a series of equations that describe the soil processes that determine
soil carbon levels and the movement of carbon through the soil.
272
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Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
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The models determine the annual amount of soil carbon sequestered in a given area as follows:
Annual amount of soil carbon sequestered = total annual gains – total annual losses.

The relationships in simulation models reflect changes in soil carbon observed in long-term studies
of different agricultural systems, management practices, climates and soil types. The models then
use site-specific data on the key factors that influence soil carbon levels (for example, rainfall, inputs
of organic matter, soil clay content), in combination with the equations, to predict how soil carbon
levels change under a specific set of circumstances. The accuracy of the simulation models depends
on the accuracy of the site-specific data and the ability of the equations to accurately describe the
dominant soil processes that influence soil carbon levels.278
The gain-loss approach requires significant technical expertise and resources to:
•

develop the models;

•

ensure the models are calibrated and verified for particular regions, soil types and management
practices; and

•

review and improve the models on a regular basis.

Once models are calibrated and verified, the cost of utilising this approach at a project or farm level
is relatively low. However, where novel management practices are proposed, the ability of the model
to accurately estimate the change in soil carbon in response to that novel practice needs to be
verified.
Soil carbon models already developed and used in Australia include:
•

Roth-C;

•

CENTURY; and

•

SOCRATES.279

According to the Australian Government Bureau of Rural Sciences, more work is required on these
models before they are able to provide an acceptable level of accuracy at a project or farm level.280
Furthermore, Dr Christine Jones, Founder, Australian Soil Carbon Accreditation Scheme, advised
the Committee that current models do not incorporate all management practices used to sequester
soil carbon and are unlikely to evolve fast enough to take into account the emerging management
practices, which have the potential to sequester significant amounts of soil carbon.281
It is likely that measurement of soil carbon sequestration at a project or farm level in Australia using
the gain-loss approach will be undertaken using a re-calibrated version of the original Roth-C
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IPCC General guidance and reporting in Vol.1, IPCC Guidelines for national greenhouse gas inventories, 2006
Even though models are used to simulate complex relationships and generate carbon level data over time (through
the relationships/processes built into the model), they are essentially a method of data transformation and so still
require activity and event data to drive them. Therefore these models transform ‘activity’ data (that is, land use,
management type) and ‘event’ data (that is, tillage, planting, harvest) into likely soil carbon levels based on the
relationships built into the model (that is, models need scenarios to generate estimates), p.2.8
Australian Government, Bureau of Rural Sciences, Soil carbon for carbon sequestration and trading: A review of
issues for agriculture and forestry, 2009, p.21
ibid.
Australian Soil Carbon Accreditation Scheme, submission no.17, p.10
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model.282 Roth-C is included in the National Carbon Accounting System (NCAS), which is used by
the Australian Government to measure Australia’s emissions under the Kyoto Protocol.283 Roth-C
has also been used in a number of other applications. For example, it was used together with the
NCAS in the Department of Sustainability and Environment’s LandCarbon project to estimate the
amount of carbon stored in the vegetation and soils of Victoria’s public land.284
In May 2009, the Australian Government announced that it would invest $16.1 million over four years
to develop a new NCAS. The NCAS has been tested and adapted to some Australian agricultural
conditions285 and refinement of the model is continuing, including expanding the range of climates,
soil types and land uses and management practices to which it can be applied. 286 Further
development of the Roth-C component of the NCAS is focused on expanding its ability to account for
emissions of other greenhouse gases from the soil, such as methane and nitrous oxide.287

4.3.2

Stock-difference approach

The stock-difference approach uses either direct measurement or a combination of emissions
factors288 and activity data to measure soil carbon sequestration.
Under the stock-difference approach, the amount of soil carbon sequestered in a given area is
determined by estimating the total amount of soil carbon at the beginning of the measurement period
less the amount at the end of the period, divided by the period of time.289 The change in bulk density
of the soil during that time must also be taken into account in order to get an accurate estimate.
At a project or farm level, the amount of soil carbon sequestered is determined by direct
measurement of the total soil carbon stock, which must be undertaken at regular time intervals within
the project boundary. In general, research suggests that approximately five years is the minimum
interval required to measure a statistically significant change in the total soil carbon stock.290

282

283
284
285
286
287
288

289
290

68

Currently, Roth-C models the soil carbon pool as three sub-pools: fast decomposing biomass, slow decomposing
biomass and the humus pool. These pools are linked to two aboveground plant litter pools: readily decomposable
plant material and resistant plant material. Entry of carbon into the soil organic pool is from plant matter and
manure inputs and removals are through decomposition processes. Exit from the soil pool is controlled through
factors such as the topsoil soil moisture deficit, clay content, temperature, soil cover and sub-pool type. The ‘inert’
soil sub-pool corresponding to charcoal (and potentially biochar) is modelled at a higher model layer, within CAMAg
(which incorporates Roth-C). CAMAg also models ‘events’ into the timeline such as ploughing, harvesting, grazing
and fire. Data requirements at the project level are for initial setup data - biogeographical region information, soil
type, land use, management types; to ongoing (timestep) data inputs including management activities, events (that
is, fire) and crop and grazing information
Australian Government, Bureau of Rural Sciences, Soil carbon for carbon sequestration and trading: A review of
issues for agriculture and forestry, 2009, p.21
Department of Sustainability and Environment, www.land.vic.gov.au, accessed June 2010
Victorian Government, submission no.34. p.19
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.15
Australian Government, Department of Climate Change and Energy Efficiency, www.climatechange.gov.au,
accessed July 2010
An emission or reduction factor is used to convert data on activity levels into greenhouse gas emissions or
removals of greenhouse gases from the atmosphere. Emissions and reduction factors are different for each activity
that produces greenhouse gas emissions or sequesters greenhouse gases
An annual average sequestration rate is estimated by dividing the total amount of soil carbon sequestered by the
number of years over which the measurement was undertaken
W Post and K Kwon, ‘Soil carbon sequestration and land use change: processes and potential’, Global change
biology, 2000, vol.6, pp.317–327; Ellert et al., ‘Assessment of a method to measure temporal change in soil carbon
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At a regional level, the amount sequestered is usually determined by emissions or reduction factors
used in combination with activity data. In these cases, the factors are either taken from a database
of factors (for example, a database developed by the IPCC) if they already exist and are appropriate.
If none are available, factors are estimated to give a representative rate of emissions or removals for
a given activity level under particular conditions.
A key difference between the stock-difference and the gain-loss approaches is that the stock
difference approach measures the actual change in soil carbon, rather than predicting the change
that will occur through the use of simulation models. Professor Alex McBratney, Director, Australian
Centre for Precision Agriculture, University of Sydney advised the Committee that while modelling is
useful, some direct measurement of soil carbon sequestration is preferred because this approach is
more accurate and provides greater confidence in the value of the soil carbon sequestration offset:
… models predict, but [direct] measurements [of soil carbon sequestration] actually tell you
what is happening, and I think that is important. We need the feedback from measurements
to improve the models. I am not against modelling as a way of giving particular farmers an
indication of how much they might expect to get if they went into a scheme … But I still think
you need some measurement … to say, ‘What actually happened?’.291
If we want to [encourage soil carbon sequestration] through a market mechanism, I believe
you need measurement in there to make it transparent [and] to quantify the uncertainties,
because that will give the market confidence [in the levels of sequestration achieved] …292

The CCX uses a version of the stock-difference approach to measure soil carbon sequestration. The
CCX awards offset permits for soil carbon sequestration projects on the basis of standard
sequestration rates per acre per year for adopting certain land uses or management practices (the
reduction factors) in a particular area. Sequestration is then estimated at a farm level by combining
the reduction factors with activity levels (for example, the size of grazing or cropping areas).293 The
Committee noted that the methodologies developed under the CCX for soil carbon sequestration are
not recognised under the Kyoto Protocol.
Mr Graeme Ford, Policy Advisor, Victorian Farmers Federation, stated that the CCX approach is
likely to be the approach taken to measuring soil carbon sequestration in Australia:
Some people make a lot of the fact that soil carbon is difficult to measure, monitor, report
and verify …The way I have seen it done best … is in the United States with the Chicago
Climate Exchange, which does not count the amount of soil carbon built up in that particular
area; it counts proxies — management practices that in a particular area are known to build
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storage’, Soil science society of America Journal, 2002, vol.66, pp.1687–1695; R Gehl, and C Rice, ‘Emerging
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up soil carbon at a certain rate and maintain that at a certain level. I think that is probably
the way things will go [in Australia].294

At the farm level, direct measurement for use in the stock-difference approach is based on what is
termed design-based sampling.295 Design-based sampling improves the efficiency of sampling by
providing better estimates using less data compared with sampling randomly across a farm. 296
Design-based sampling takes into account the site specific character of a farm (for example, soil
types, crop types, land shape, etc) by grouping the landscape into similar areas and sampling each
area to obtain an estimate. These estimates are then combined to get an estimate of the total soil
carbon stock.
Design-based sampling is a different type of sampling than that used to make maps of soil carbon
levels across a landscape. 297 However, these two types of sampling are often confused in
discussions of stock-difference accounting. As Professor McBratney, stated in evidence to the
Committee:
I think people get confused by the fact that they want to make maps of where all the carbon
is. You do not need a map; you just need to know what the total amount is on a property.298

Professor McBratney also advised the Committee that it is important to ensure that the stockdifference approach is applied across a whole property rather than only part of a property, in order to
avoid ‘leakage’ issues. Leakage occurs when a farmer adopts a management practice to increase
soil carbon sequestration on one part of the property (for example, by reducing grazing pressure) but
at the same time decreases soil carbon sequestration on another part of the property (for example,
by increasing grazing pressure), which negates the benefits of the initial action.299
The stock-difference approach may measure total soil carbon, however, it usually only measures the
stable forms of soil carbon – the humus and resistant organic carbon forms. The stock-difference
approach also has the potential to account for the effects of agriculture on inorganic soil carbon.
A further key benefit of the stock-difference approach compared with the gain-loss approach is that it
enables measurement of soil carbon sequestration due to the adoption of land uses and
management practices that have not been well studied and that affect sequestration rates in ways
that are not well understood, such as the emerging management practices noted in chapter five.300
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Mr G Ford, Policy Adviser, Victorian Farmers Federation, Environment and Natural Resources Committee public
hearing – Melbourne, 15 March 2010, p.58
de gruijte et al., Sampling for natural resource monitoring, 2006, pp.27–45
Cost versus the accuracy of the stock estimate at the project level can also be traded off by adjusting the number of
samples utilised. This means that more can be invested into sampling to improve the soil carbon stock estimate
(that is, to obtain a higher level of certainty) if it is economically warranted
This is called ‘model-based’ sampling which uses geostatistical methods such as kriging that inherently demand
many more data points to produce accurate maps (the ‘model’ in model-based sampling is not a ‘process’ model it
is a ‘static’ model used for mapping purposes)
Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of Soil
Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney 10 May 2010, transcript of evidence, p.225
ibid., pp.225, 228–229
Ms I Wheeler, PhD candidate, Faculty of Agriculture, Food and Natural Resources, University of Sydney,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.226; Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of
Soil Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.230
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4.3.3

Summary of gain-loss and stock-difference approaches

Table 4.1 summarises the key differences and advantages and disadvantages of the gain-loss and
stock-difference approaches for measuring soil carbon sequestration at a project or farm level.
Table 4.1 Comparison of gain-loss and stock-difference approaches
for measuring soil carbon sequestration at the project level
Approach

Gain-loss

Stock-difference

Major characteristics

Uses simulation models
Can predict future carbon
sequestration or ‘loss’
Accuracy depends on ability of
equations to accurately describe
the soil processes that influence
the soil carbon levels of an area

Uses direct measurement sampling
or emissions/reduction factors and
activity data
Usually only measures the
sequestration that has occurred
Estimate derived directly from a
project area
Requires repeat measurements over
time

Data usage

Once model is calibrated to
regions, soil types and
management regimes, data inputs
are only generally required for
specific projects

Much data is generated. Designbased sampling uses much
information to improve the efficacy of
the samples and requires statistical
calculation of estimates

Applicability to farm level

Moderate. This will improve as
models are calibrated and verified
for more regions, soil types and
management regimes

Good. This approach measures the
sequestration that has occurred,
irrespective of the management
regime

Capital investment

At the regional level collection of
baseline data requires specialist
skill
At the project level capital
investment is relatively low and
primarily administrative

Moderate – about $12 hectare301 for
the costs of two rounds of sampling
(once at the beginning and once at
the end of the measurement period)

Sensitivity

Likely to be moderate depending
on calibration at regional level and
combinations of soil type and
management comparisons

High because this approach
captures landscape variation and
management regimes

Baseline generation

Easily generates baseline scenario

Alternate baseline scenario must be
determined such as from modelling
or inferred from known land use
trends
Continued…

301

Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of Soil
Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney 10 May 2010, transcript of evidence, p.225

71

Inquiry into Soil Carbon Sequestration in Victoria

Approach

Gain-loss

Stock-difference

Captures reductions in carbon losses
from the soil302

Yes

Only if captured by the baseline
scenario

Soil inorganic carbon

No

Yes

Adaptability

Low to moderate due to high data
demand in early stages of
calibration to regions, soil types
and management regimes

High

Vulnerability to double counting or
misrepresentation

Generally low with the exception of
misreporting activity values

Moderate in cases where external
carbon is added to the soil that has
already been accounted for
elsewhere or is derived from coal
based fertilisers

Ability to account for other
greenhouse gases

At research stage – nitrogen cycle
being incorporated into National
Carbon Accounting System

No, although method may be used
to generate stock change through
factors and activity data with
sufficient research

High. Project level estimates could
be incorporated easily into national
level inventory (depending on
negotiated rules)

Unclear. Exactly how estimates
could be incorporated into future
national level inventories generated
through modelling remains uncertain

Compatibility with national level
accounts

4.4

Sample level measurement

Sample level measurement refers to the methods used to measure individual samples for soil
carbon content and includes a variety of direct and indirect methods, which are shown in table 4.2.
A number of issues were raised by witnesses and in submissions, in relation to sample level
measurement, including:
•

confusion amongst farmers over what forms of soil carbon should be measured and over
determining an adequate number of samples for a given area;303 and

•

analysis of a large number of samples in a laboratory is expensive304 and some laboratories still
use older, less acceptable measurement methods.

According to the Victorian Government, of the methods shown in table 4.2, currently the only
scientifically acceptable methods are those involving sampling and laboratory analysis.305
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As noted in chapter two, changes to soil carbon levels can be absolute or relative. An absolute change is an
increase or decrease in soil carbon relative to its current level. A relative change is an increase or decrease in soil
carbon relative to a level that would have occurred under business-as-usual. An absolute change will remove
carbon dioxide from the atmosphere, while a relative change may only result in an avoided emission, in which no
carbon is removed from the atmosphere, but the amount of carbon emitted is reduced relative to business-as-usual
Mr A Newall, Consultant, NewAg Consulting, Environment and Natural Resources Committee public hearing –
Horsham, 29 March 2010, transcript of evidence, p.97
Dr R Lawson, Deputy Chair, Agribusiness Gippsland, Environment and Natural Resources Committee public
hearing – Traralgon 19 April, 2010, transcript of evidence p.191–192
Victorian Government, submission no.34, p.17
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Table 4.2

Analysis in the laboratory
may extend to site

Sampling and analysis
in the laboratory

Mode

Remote
sensing

Comparison of measurement methods for
individual soil samples
Method

Benefits/disadvantages

Wet chemical oxidation
(Walkley-Black method)

Fast and relatively cheap. Only measures between 59-88 per cent of total
soil carbon. Cannot measure the charcoal form of soil carbon.

Weight loss on ignition

Cheap and can measure large samples. The loss of weight of the sample
can be due to other factors, which may result in inaccurate measurements.
Measures the charcoal form of soil carbon.

Automated dry
combustion

Fast and accurate. Relatively expensive equipment. Measures the
charcoal form of soil carbon. The default method for measuring total soil
carbon.

Infrared Reflectance
Spectroscopy

Very accurate once calibrated. Mid-Infra Red (MIR) tends to outperform
Near-Infra Red (NIR). However, NIR has much greater potential for use on
site.

Laser induced
breakdown spectroscopy

Highly portable for use on site. Fast analysis time and relatively accurate.
Can only sample small volumes of soil. Measures total soil carbon,
including the inorganic and charcoal forms.306

Inelastic neutron
scattering

Slow and expensive. Can sample large volumes of soil to depths of about
30 centimentres. Measures total soil carbon, including inorganic forms.307

Spectroscopy of various
wavelengths

Relatively cheap and wide coverage, resolution improving. Requires infield calibration for moderate accuracy. Can only be applied to bare soil.

In its submission, the Victorian Government stated that the dry combustion technique is currently the
preferred method for sample level measurement. The wet oxidation technique is less suitable
because it may not accurately measure the more stable forms of soil carbon, including the charcoal
form. As the dry combustion technique has only recently been widely adopted, most data on soil
carbon levels worldwide have been collected using the wet oxidation technique.308
Although the methods involving soil sampling and laboratory analysis will accurately determine the
amount of soil carbon in a sample, the measurement of soil carbon across larger areas (for example,
a farm) can be subject to substantial inaccuracies because soil carbon levels vary significantly
across a small area (for example, a farm paddock) and with soil depth. This is particularly the case if
sampling design is not devised and executed properly.
As such, when measuring soil carbon, it is important that:
•

adequate numbers of samples are taken across the area being measured;

•

samples are located in areas representative of the area being measured; and

•

samples are taken accurately down the soil profile.
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Cremers et al., ‘Measuring total soil carbon with laser-induced breakdown spectroscopy (LIBS)’, Journal of
environmental quality, 2001, vol.30, pp.2202–2206
Wielopolski et al., ‘Nondestructive system for analyzing carbon in the soil’, Soil science society of America journal,
2008, vol.72, pp.1269–1277
Victorian Government, submission no.34, p.18
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In evidence to the Committee, Professor Cowie, stated:
Measuring soil carbon in terms of an analytical technique is really quite straightforward …
There are combustion technologies. You stick your soil sample in the machine and you get
the answer in a few minutes, so the actual measurement of soil carbon, if you have a
handful of soil, is quite straightforward. The problem is collecting that handful of soil and
having it representative of the area you are trying to determine the carbon stock on because
I am sure you are fully aware that soil carbon is very variable in space and time.309

Furthermore, in order to determine the amount of soil carbon in tonnes per hectare, the soil bulk
density (a measure of the density of a soil) must be measured along with soil carbon. Different soil
types have different bulk densities and bulk density can be affected by management practices.
Inaccurate measurements of soil bulk density will result in inaccurate soil carbon measurements.310
A number of new methods for measuring soil carbon are currently being developed, which have the
potential to reduce the costs and the time taken to measure soil carbon samples. 311 However,
according to the Australian Government Bureau of Rural Sciences, the accuracy of these methods
requires improvement before they could be used under any emissions reduction scheme.312
These new methods include:
•

the CSIRO has recently calibrated mid-infrared (MIR) spectroscopy to measure total soil carbon
and the amount of carbon found in the different forms of soil carbon;313

•

remote sensing techniques are being developed, however, these techniques are susceptible to
confounding factors such as soil moisture and colour and can only be applied to bare soil; and

•

a number of new ‘in situ’ direct measurement techniques that do not require soil samples to be
taken for analysis in a laboratory (for example, near-infra red techniques) have been recently
developed, but are currently still at the research stage and have not been commercialised. It is
expected that these techniques will become available in the next five years.314

Dr Baldock discussed the advantages of the MIR technique in evidence to the Committee:
[the conventional technologies for measuring soil carbon] … are expensive so we are
actually moving towards trying to develop some cost-effective, more rapid measurements
and one thing that is holding a lot of promise is this thing called a mid-infrared spectrometer.
We still have to go and collect the sample, we still have to process it, but we can get [results
at] … a fraction of the cost [of the conventional technologies].315
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Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.220
This issue may be addressed by using a material coordinate system (measuring by soil mass per area rather than
soil volume) which ensures the same amount of mass is compared each time. Chan et al., A farmer’s guide to
increasing soil organic carbon under pastures, 2010, p.17
Australian Government, Bureau of Rural Sciences, Soil carbon for carbon sequestration and trading: A review of
issues for agriculture and forestry, 2009, p.20
ibid.
CSIRO, www.csiro.au, accessed July 2010
Chatterjee et al., ‘Evaluation of Different soil carbon determination methods’, Critical Reviews in Plant Sciences,
2009, vol.28, pp.164–178; Victorian Government, submission no.34, p.19
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.9
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Furthermore, according to the Victorian Government, the MIR technique is able to measure the
different forms of soil carbon and can be utilised in the Roth C model. However, the laboratory
analyses that are required to fully utilise MIR (for example, the measurement of the different forms of
soil carbon for calibration) are both time consuming and costly. It is expected that this capability will
be available in Victorian Government research laboratories within several years.316
The Committee acknowledges the work that has been undertaken to reduce the costs and time
involved in measuring soil carbon sequestration and looks forward to the development of methods
that are readily accessible and inexpensive and that can be applied accurately at a farm level.
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Victorian Government, submission no.34, p.19
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Chapter 5:

The benefits and adverse
effects of soil carbon
sequestration

Key findings
5.1

Soil carbon sequestration is being promoted by many scientists and policy makers
worldwide as a strategy to mitigate climate change and reduce both agricultural and
overall greenhouse gas emissions.

5.2

There is currently significant uncertainty over the potential of soil carbon sequestration as
a strategy to mitigate climate change. Soil carbon sequestration is only one of many
mitigation strategies that could be pursued by the Victorian Government in order to
address climate change.

5.3

The total quantity of carbon that can be sequestered in agricultural soils across Victoria is
currently unknown. While studies are limited to date, they suggest that crop lands in
Victoria do not have the potential to sequester large quantities of soil carbon.

5.4

Under the more traditional management practices used to sequester soil carbon, soil
carbon levels across Australia are declining due to the delayed response of the soil to the
change from a natural to an agricultural system. However, the management practices
adopted often reduce the rate of decline.

5.5

The majority of studies on soil carbon sequestration rates have focused on a narrow
range of traditional management practices used to sequester soil carbon. There is little
information on sequestration rates generating from emerging management practices,
which may have the potential to sequester much larger amounts of soil carbon.

5.6

There are concerns about some of the claims being made in relation to the capacity of the
emerging management practices to sequester carbon. Due to the significant interest
amongst sections of the agricultural community in such emerging management practices,
there is an important role for research organisations in testing these claims.

5.7

The agricultural benefits of soil carbon sequestration in terms of improvements to soil
health are well established. In turn, soil health improvements have a range of broader
agricultural benefits. However, the nature and extent of the agricultural benefits
associated with some management practices used to sequester soil carbon is unclear,
while some practices may have adverse effects.
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5.8

Despite the relationship between soil carbon and soil health, a number of potential
conflicts exist between soil carbon sequestration and agricultural productivity. Few studies
have been undertaken to quantify the potential increases in agricultural productivity due to
soil carbon sequestration.

5.9

A carbon trading scheme or an alternative incentive mechanism to encourage farmers to
sequester soil carbon may reduce the ability of farmers to alter farming practices in
response to changing conditions, including market conditions and climate change.

5.10 Soil carbon sequestration will result in a range of non-climate related environmental
benefits, many of which are similar to the agricultural benefits. As such, a significant
opportunity exists to link soil carbon sequestration with other environmental objectives.
5.11 Few studies have been undertaken to quantify the extent of the potential environmental
benefits of soil carbon sequestration.

5.1

Introduction

While the renewed interest in soil carbon has been largely driven by concerns about climate change,
soil carbon sequestration has a range of potential additional benefits, described as co-benefits,
including agricultural benefits and environmental benefits. Soil carbon sequestration may also have
adverse effects.
Many witnesses argued that it is important to focus on the co-benefits of soil carbon sequestration as
much as the climate change benefits for two key reasons:
•

the current driver for farmers to adopt management practices that incidentally sequester soil
carbon, relates primarily to agricultural benefits rather than any benefits associated with climate
change, such as potential payments for carbon credits; and

•

significant scientific, policy and economic uncertainty exists in relation to soil carbon
sequestration as a strategy to mitigate climate change, which has made farmers cautious about
committing to management practices that sequester soil carbon.

For example, Mr Corey Watts, Regional Projects Manager, The Climate Institute, argued in evidence
to the Committee:
I think it is right and proper that we have identified soil as a potential climate change
solution, but given the complexity and the variability of the issue, I think we should not hang
our hats just on that. There were benefits to building up soil carbon long before climate
change raised its ugly head, and there will be again. It is going to be key to helping our
farming community adapt… to climate change.317
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Mr C Watts, Regional Projects Manager, The Climate Institute, Environment and Natural Resources Committee
public hearing – Melbourne, 15 March 2010, transcript of evidence, p.59; Similarly, in evidence to the Committee,
Ms M McKay, Coordinator, Bass Coast Landcare Network, argued: I think soil health is a really valuable focus as
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Witnesses also argued that due to the environmental co-benefits of soil carbon sequestration, there
is a significant opportunity to link soil carbon sequestration with other environmental objectives. For
example, in its submission, the Wentworth Group argued that:
…terrestrial carbon [the storage of carbon in vegetation and soils] presents an economic
opportunity of unparalleled scale to address a range of other great environmental
challenges confronting Australia: repairing degraded landscapes, restoring river corridors,
improving the condition of our agricultural soils, and conserving Australia’s biodiversity.318

This chapter discusses the potential climate change, agricultural and environmental benefits, and
possible adverse effects of soil carbon sequestration.
This chapter responds to three terms of reference of the inquiry that require the Committee to:
•

explore possible benefits to the agricultural industry;

•

explore possible environmental benefits; and

•

identify any possible harms or detriments.

5.2

Climate change benefits

Strategies to mitigate climate change have generally focused on reducing emissions of greenhouse
gases into the atmosphere. However, levels of greenhouse gases in the atmosphere can also be
reduced by removing carbon dioxide from the atmosphere and storing, or sequestering, it in soils
and vegetation. Soil carbon sequestration is being promoted by many policy makers and scientists
worldwide as a strategy to mitigate climate change. Dr Warren Mason, Program Manager, Climate
Change, Dairy Australia, in evidence to the Committee explained that:
I do not need to tell you that there is a lot of excitement out there about soil carbon; that if
you do the sums, they look pretty attractive; and that if we multiply a very large number of
hectares by a very small change in soil carbon, we can effectively offset our total emissions
for generations perhaps.319

Despite this, there is currently significant uncertainty in relation to soil carbon’s potential as a
mitigation strategy. In a review on soil carbon sequestration on agricultural land in Australia, the
CSIRO concluded:
Currently, there is much uncertainty and debate, particularly within Australia, as to the total
potential of agricultural soils to store additional carbon, the rate at which soils can
accumulate carbon, [and] the permanence of this sink.320

As noted in chapter two, a number of key issues have an impact on the potential of soils to store
additional carbon:

318
319
320

opposed to soil carbon. Building soil carbon is a by-product of managing healthy soils. Whilst we are still trying to
work out where the soil carbon debate goes, a lot of energy and a lot of immediate benefits can be derived from
having a soil health focus; Environment and Natural Resources Committee public hearing -Traralgon, 19 April
2010, transcript of evidence, p.186
Wentworth Group of Concerned Scientists, submission no.11, p.1
Dr W Mason, Program Manager, Climate Change, Dairy Australia, Environment and Natural Resources Committee
public hearing – Melbourne, 12 April 2010, transcript of evidence, p.139
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.1
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•

the capacity for soils to sequester carbon is finite – carbon can be sequestered in the soil only
until a new equilibrium level is reached, after which time, no additional carbon can be stored;

•

different regions and soil types have different capacities to sequester carbon;

•

soil carbon can be easily released into the atmosphere if management practices change; and

•

climate change may reduce the ability of soils to sequester carbon.

5.2.1

Greenhouse gas emissions in Victoria

Victoria’s total greenhouse gas emissions in 2007 were 119 million tonnes of carbon dioxide
equivalent.321 In terms of the agricultural sector and the land use and forestry sector:
•

the agricultural sector contributed about 12 per cent of Victoria’s total emissions.322 This makes
the agricultural sector the second largest source of emissions in Victoria, after the energy
sector;323

•

emissions from the Victorian agricultural sector decreased slightly over the period 1990-2007,
compared with an increase of 26 per cent in the energy sector; and324

•

emissions due to deforestation were four million tonnes of carbon dioxide equivalent, while
removal of carbon dioxide from the atmosphere due to afforestation and reforestation were
approximately seven million tonnes of carbon dioxide equivalent.325

Figure 5.1 shows total emissions by economic sector in Victoria in both 1990 and 2008.
Figure 5.1

Source:
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Total greenhouse gas emissions by
economic sector in Victoria in 1990 and 2008

Australian Government, Department of Climate Change and Energy Efficiency, www.climatechange.gov.au,
accessed July 2010

Australian Government, Department of Climate Change and Energy Efficiency, Australian national greenhouse
accounts, state and territory greenhouse gas inventories 2007, 2009, pp.22–23
ibid.
ibid.
ibid.
ibid.
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5.2.2

Role of soil carbon sequestration in climate change mitigation

The latest Intergovernmental Panel on Climate Change (IPCC) assessment report concluded that
the agricultural sector has the potential to make a significant contribution to climate change
mitigation and that the majority of potential emissions reductions in the sector are due to soil carbon
sequestration. 326 The IPCC also stated that soil carbon sequestration is closely associated with
sustainable agriculture and will generally reduce the vulnerability of the sector to climate change;
and many emission reduction opportunities in the agricultural sector are low cost.327
It has also been recognised that soil carbon sequestration has the potential to contribute significantly
to climate change mitigation in Australia. A report by Climate Works Australia concluded that:
•

the agricultural sector has the potential to contribute 13 per cent of the total lowest cost
emissions reduction opportunities across the Australian economy;

•

the majority of potential emissions reductions in the agricultural sector is due to soil carbon
sequestration; and

•

the cost of emissions reductions in the agricultural sector is relatively low.328

Further, many witnesses and submissions to the inquiry also argued that soil carbon sequestration
has the potential to make an important contribution to climate change mitigation because it:
•

removes carbon dioxide from the atmosphere, which many scientists argue will be required in
tandem with strategies that reduce emissions in order to avoid ‘dangerous’ climate change;329

•

can potentially sequester significant amounts of carbon dioxide from the atmosphere; and

•

can potentially be readily implemented compared with mitigation strategies that rely on
advances in technology and so buys time in order for other strategies to develop.330

Witnesses also highlighted a range of issues that may limit the potential role of soil carbon
sequestration as a strategy to mitigate climate change, including uncertainties regarding the total
sequestration potential, the permanence of sequestration and measurement issues. Witnesses
argued that due to such limitations, soil carbon sequestration is only one of many strategies that
should be undertaken to mitigate climate change.331 For example, the Wentworth Group noted in its
submission that:
Terrestrial carbon is not the great panacea to climate change. The reality is however, that it
will be next to impossible for Australia to achieve the scale of [emissions] reductions
required in sufficient time to avoid dangerous climate change unless we also remove carbon
from the atmosphere and store it in vegetation and soils.
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With ‘medium agreement’ and ‘medium evidence’
Intergovernmental Panel on Climate Change, Summary for policy makers, Climate change 2007: Mitigation,
contribution of working group III to the fourth assessment report of the IPCC, 2007, p.14
Climate Works Australia, Low carbon growth plan for Australia, 2010, pp.53–57
Wentworth Group of Concerned Scientists, submission no.11, p.1
Dr M Battaglia, Theme Leader, Sustainable Ecosystems, Sustainable Agriculture Flagship, CSIRO, Environment
and Natural Resources Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.10
For example, see Mr P Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management Authority,
Environment and Natural Resources Committee public hearing – Hamilton, 30 March 2010, transcript of evidence,
p.112
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The Australian landscape has enormous capacity to sequester carbon. If we could capture
just 15 per cent of Australia’s total terrestrial carbon sequestration capacity [carbon stored in
vegetation and soils], it would offset the equivalent of 25 per cent of Australia’s current
greenhouse gas emissions for the next 40 years.332

Dr Jeff Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, identified in evidence to
the Committee that, in theory, if soil carbon levels are increased by 0.5 per cent each year across all
land in Australia, this would offset Australia’s total greenhouse gas emissions:
If we said, ‘What is the change in soil carbon required to offset net emissions?’, what we
would find is that it is 0.5 per cent… What that means is if we could take every hectare of
soil across the country and make it acquire an extra 0.5 per cent of the carbon that is
already there every year for the next whatever, we could offset our emissions — and that is
all of our emissions. That is what has got people excited about the potential for soil
carbon.333

However, Dr Baldock pointed out the practical difficulties of achieving this. He stated that soil carbon
sequestration can only easily occur on agricultural land that is actively managed because soil carbon
in natural systems is already at high levels. Actively managed agricultural land represents only
10 per cent of Australia, which means that a much higher percentage increase in soil carbon levels
across this land area is required to make a significant contribution to reducing total emissions.
Dr Michael Battaglia, Theme Leader, Sustainable Agriculture Flagship, CSIRO advised that reducing
greenhouse gas emissions is a more reliable mitigation strategy than sequestering carbon in
vegetation and soils. However, soil carbon sequestration has an important role to play because it
allows time for other mitigation strategies to be developed:
A tonne of carbon avoided in emissions through not burning … coal is a much more secure
way to reduce emissions than a tonne sequestered [in vegetation and soils].
…what [soil carbon sequestration] actually gives us is time to make those adjustments.334

Dr Baldock advised that soil carbon sequestration should not be viewed as a long-term strategy to
mitigate climate change because of the limited capacity for soils to continue to sequester carbon:
It is unlikely that we would be able to view soil carbon as a very long-term solution to the
problem of increasing CO2 in the atmosphere. We can use it to recapture some of that
carbon, but it will not be a permanent fix unless we can continue to make incremental steps
in our management practices that keep putting more and more carbon into the ground.335

As noted above, the maximum capacity of soils to sequester carbon is likely to be reached after 50
to 100 years, after which time soil carbon levels are unlikely to increase further.336

332
333
334
335
336

82

Wentworth Group of Concerned Scientists, submission no.11, p.1
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The Committee believes that soil carbon sequestration has the potential to make a contribution to
climate change mitigation. However, the Committee is strongly of the view that soil carbon
sequestration is only one of many mitigation strategies that should be undertaken.

5.2.3

Total quantity of carbon that can be sequestered in soils

The conversion of natural systems to agricultural systems has resulted in a significant loss of soil
carbon, which has created a potential carbon sink.337 In general, the size of the sink is approximately
equal to the historical amount of soil carbon lost.338 It is the creation of this sink that provides the
opportunity to sequester soil carbon for the purposes of mitigating climate change.
According to Professor Annette Cowie, Director, National Centre for Rural Greenhouse Gas
Research, University of New England:
… Australian agriculture has seriously depleted the carbon stocks in Australian soils,
particularly in cropping soils but also in heavily grazed soils. Because that carbon has been
depleted, there is a significant potential to build it back up again, so there is significant
mitigation potential associated with increasing soil carbon.339

However, for a number of technical, economic and social reasons it is unlikely that soil carbon can
be returned to original levels. As such, in making estimates of the total quantity of carbon that can be
sequestered in soils, studies generally distinguish between two types of estimates:
•

the theoretical or biophysical potential,340 which estimates the potential of soils to sequester
carbon taking into account their physical capacity; and

•

the actual or economic potential,341 which estimates the potential for soils to sequester carbon
taking into account economic and social factors.

Overseas studies suggest that the actual potential is about 50 to 66 per cent of the theoretical
potential.342 The actual/or economic potential is discussed in chapter six.
Estimates of the total theoretical quantity of carbon that can be stored in Australian soils vary widely.
The theoretical potential343 of soils in cropping lands and rangelands344 across Australia has recently
been estimated by the CSIRO and in the Garnaut Review.345
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R Lal, et al., ‘Soil carbon sequestration impacts on global climate change and food security’, Science, vol.304,
2004, p.1623
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.217
Also called the technical potential
Also called the attainable potential
R Lal, et al., ‘Soil carbon sequestration impacts on global climate change and food security’, Science, vol.304,
2004, p.1623
The CSIRO estimated the actual potential to be considerably less than the theoretical potential because it was
argued that building soil carbon will require the increased use of nitrogen fertilisers, which will increase emissions of
the greenhouse gas nitrous oxide and reduce the overall climate benefits of building soil carbon. The CSIRO did
not estimate the actual potential for Australia, but for Queensland it was estimated to be approximately 10 per cent
of the theoretical potential; CSIRO, An analysis of greenhouse gas mitigation and carbon biosequestration
opportunities from rural land use, 2009 p.59
Rangelands are referred to as permanent grazing lands largely comprising native vegetation (but sometimes
including sown species such as buffel grass) that are grazed by domestic stock, principally cattle and sheep.

83

Inquiry into Soil Carbon Sequestration in Victoria

The CSIRO estimated that over the period 2010 – 2050 Australian cropping soils could potentially
sequester approximately 25 million tonnes of carbon dioxide equivalent per year, which is
approximately 5 per cent of Australia’s total greenhouse gas emissions per year. 346 The CSIRO
estimated that Australian rangelands (including the carbon stored in soils and vegetation) could
potentially sequester approximately 100 million tonnes of carbon dioxide equivalent per year, which
is approximately 18 per cent of Australia’s total greenhouse emissions per year.347
Importantly, both the CSIRO report and the Garnaut Review only considered sequestration potential
for the more traditional management practices on cropping lands that can be used to sequester soil
carbon, such as minimum till practices, and did not make estimates for land use changes such as
the conversion of crop land to pasture, or for emerging management practices.348
The CSIRO report highlighted that the greatest opportunities to sequester carbon on agricultural land
in Australia are through land use changes, such as the establishment of forests, and changes in
grazing management on rangelands, rather than by changing management practices on crop lands.
These findings are significant because Victoria does not have land classified as rangelands.349
The Department of Primary Industries (DPI) recently estimated the theoretical potential for Victorian
cropping soils to sequester carbon under current management practices. 350 The study used
modelling to investigate soil sequestration potential in eight cropping regions and under different soil
types, five crop rotations and three stubble management regimes.351 Similar to the CSIRO findings,
the DPI study concluded that the potential to sequester soil carbon in Victorian cropping soils under
current management practices is limited. In evidence to the Committee, Dr Fiona Robertson, Senior
Research Scientist, DPI described the conclusions of the study further:
From this study we concluded that generally there is a fairly limited potential for carbon
sequestration in the cropping industry in Victoria if we are using our current management
practices, and that you would need a pasture in the rotation to be able to achieve this
sequestration. You might be able to achieve 8 to 11 tonnes of carbon sequestration over 25
years, but it might take 10 to 25 years to be able to measure it.352
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Rangelands cover 81 per cent of Australia. Rangelands do not occur in Victoria or Tasmania; CSIRO, An analysis
of greenhouse gas mitigation and carbon biosequestration opportunities from rural land use, 2009, p.60
Garnaut estimated that over a 20–50 year period Australian cropping soils could potentially sequester
approximately 68 million tonnes of carbon dioxide equivalent per year, while Australian rangelands could potentially
sequester approximately 286 million tonnes of carbon dioxide equivalent per year (this estimate includes the carbon
stored in soils only); R Garnaut, The Garnaut climate change review, final report, 2008, p.543; The CSIRO noted
that the large differences in estimates between the two studies are largely due to the use of different definitions for
cropping and grazing lands; CSIRO, An Analysis of greenhouse gas mitigation and carbon biosequestration
opportunities from rural land use, 2009 p.15
CSIRO, An Analysis of greenhouse gas mitigation and carbon biosequestration opportunities from rural land use,
2009, p.12
ibid.
CSIRO, An analysis of greenhouse gas mitigation and carbon biosequestration opportunities from rural land use,
2009, p.10; R Garnaut, The Garnaut climate change review, final report, 2008, p.543
CSIRO, An analysis of greenhouse gas mitigation and carbon biosequestration opportunities from rural land use,
2009, p.60
Department of Primary Industries, The potential for soil carbon sequestration in the Victorian cropping industry,
2008, pp.3–38
Dr F Robinson, Senior Research Scientist, Department of Primary Industries, Environment and Natural Resources
Committee public hearing – Hamilton, 30 March 2010, transcript of evidence, pp.132–135; Department of Primary
Industries, The potential for soil carbon sequestration in the Victorian cropping industry, 2008, pp.3–38
Dr F Robinson, Senior Research Scientist, Department of Primary Industries, Environment and Natural Resources
Committee public hearing – Hamilton, 30 March 2010, transcript of evidence, p.134
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The Committee concludes that the total theoretical quantity of carbon that can be sequestered in
agricultural soils across Victoria is currently unknown. While studies are limited to date, they suggest
that crop lands in Victoria do not have the potential to sequester large quantities of soil carbon, at
least under the more traditional management practices that can be used to sequester soil carbon.

5.2.4

Carbon sequestration under traditional management practices

A range of management practices are known to sequester soil carbon. Table 5.1 lists the more
traditional management practices used to sequester soil carbon and the average carbon
sequestration rates associated with each practice. The rates shown in the table have been identified
through a worldwide review of peer-reviewed studies by the NSW DPI and are based on the results
of field trials. The table illustrates the following:
•

soils are responsive to management practices that aim to sequester soil carbon. However,
sequestration rates vary significantly between and within management practices;

•

soil carbon sequestration rates are mostly around 0.3 tonnes of carbon per hectare per year,
and are generally less than one tonne of carbon per hectare per year; and

•

the highest soil carbon sequestration rates are obtained from land use change (for example, the
conversion of crop land to pasture or crop land to forests), using improved grass species (for
example, high growth species), the introduction of legumes and the application of manures and
biosolids.
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Table 5.1

Management category
Cropping management

Conservation tillage

Pasture management

Organic amendments

Soil improvement
Land use change

Sources:

Carbon sequestration rates under
traditional management practices
Management practices
Increase soil fertility
Improve rotations
Irrigate
Control erosion
Eliminate fallows
Reduce stubble burning
Use precision agriculture
Retain stubble
Reduce tillage
Use no-till systems
Use fertilisers
Manage grazing
Irrigate
Improve grass species
Introduce legumes
Animal manure
Green manure
Biosolids
Sodic soil
Acid soil
Crop land to trees
Crop land to pasture
Buffer strips

Carbon sequestration rates
(tonnes carbon/hectare/year)
0.05-0.15
0.10-0.30
0.05-0.15
Unavailable
0.10-0.30
Unavailable
Unavailable
0-0.40
0-0.40
0-0.40
0.30
0.35
0.11
3.04
0.75
0.1-0.6
Unavailable
1.0
Unavailable
Unavailable
+37 to +62 % increase*
0.8-1.1
0.98

Industry and Investment NSW, Chan et al., A farmer’s guide to increasing soil organic carbon under pastures, 2010,
pp.11–12; NSW Department of Primary Industries, Chan et al., Scoping paper: Soil organic carbon sequestration
potential for agriculture in NSW, 2008, pp.5–6; Australian Government, Bureau of Rural Sciences, Soil carbon for
carbon sequestration and trading: A review of issues for agriculture and forestry, March 2009, p.12

The CSIRO recently undertook a similar worldwide review of peer-reviewed studies and reported
some similar trends. The review concluded that:
Within an existing agricultural system, the greatest theoretical potential for [soil carbon]
sequestration will likely come from large additions of organic materials (manure, green
wastes, etc…), maximising pasture phases in mixed cropping systems and shifting from
annual to perennial species in permanent pastures. Perhaps the greatest gains can be
expected from more radical management shifts such as conversion from cropping to
permanent pasture and retirement and restoration of degraded land.353

In evidence to the Committee, Professor Cowie came to similar conclusions:
By far the biggest benefit is from converting from cropping to pasture. So potentially
including pasture in your crop rotation or converting from cropping to 100 per cent pasture is
the way you are going to increase carbon the most.354

353
354
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CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.iv
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010,transcript of evidence, p.217
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Significantly, a key conclusion of the CSIRO review is that in many cases, despite the adoption of
management practices that sequester soil carbon, soil carbon levels across Australia are declining.
The CSIRO argued that this is likely due to the delayed response of the soil to the change from a
natural to an agricultural system. However, the management practices often reduce the rate of
decline relative to the initial practice. This means that, at least in relation to the more traditional
management practices, Australian soils may generally only have the potential to reduce losses
relative to business-as-usual rather than removing carbon from the atmosphere. This represents a
relative change in soil carbon levels rather than an absolute change.355
In evidence to the Committee, the CSIRO presented a graph that highlighted this point, which is
shown in figure 5.2. The figure shows absolute changes and relative changes in soil carbon levels.
The numbers in the graphs represent the number of studies used to generate the data. Dr Baldock
explained the figure as follows:
What we have found is that across all the studies that we looked at … [is] that in absolute
terms we are actually losing carbon from our agricultural lands still, irrespective of invoking
new rotations, retaining stubbles and reducing tillage. We are still on a downward trend in
our agricultural lands overall.356

Figure 5.2

Source:

Absolute and relative changes in soil carbon levels

CSIRO, Environment and Natural Resources Committee public hearing – Melbourne, 1 March 2010

The CSIRO review also identified a range of additional key issues that highlight the limitations of the
studies undertaken to date on soil carbon sequestration rates, particularly in relation to Victoria.
Firstly, most studies have been undertaken overseas and will not necessarily translate to Australia
because of the strong influence of climate and soil types on soil carbon levels.357 In addition, the
studies undertaken in Australia will not necessarily translate to other locations because of the high

355
356
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CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.iv
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.7
Chan et al., Scoping paper: Soil organic carbon sequestration potential for agriculture in NSW, 2008 pp.5–6
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variability in climates and soil types in Australia. 358 In evidence to the Committee, Dr Baldock,
highlighted this point:
The important thing to recognise… is that production systems will not function the same
under different climates and in different soils. We cannot take something that is maybe
working really well in the Central Highlands of New South Wales or in Hamilton in Victoria
because it probably will not work in Berri or Renmark out in the Mallee because it is a
different environment completely and the rainfall distribution is different. We have to
understand why these systems are working and adapt them to particular locations. We
always have to match our carbon strategies back against the site properties…359

Secondly, because of the strong influence of climate and soil types on soil carbon levels, it is likely
that these two factors can override and mask the effect of management practices.360
Thirdly, very few studies were long-term studies that examined management practices using
baseline data collected at the beginning of the trial. However, without such long-term studies, it is
difficult to determine rates of change through time or whether the difference between two
management practices is due to one practice causing an increase in soil carbon levels or the other
causing a decrease, or a combination of the two. 361 A number of witnesses also highlighted the
importance of long-term studies in evidence to the Committee. Professor Cowie, argued that:
I would suggest that the research needs in relation to including soil carbon under a marketbased incentive, or even outside the market-based approaches, are for long-term trials and
monitoring, so that we can develop better models that people have confidence in, and also
to cover the emerging practices.362

Similarly, Dr Michael Crawford, Deputy Executive Director, Future Farming Systems Research, DPI,
also argued that long-term studies are important because soil carbon levels are slow to change:
[Soil carbon’s] nature is that it is very slow to change in the soil. Much of our research and
development, traditionally, is around a three year project: you impose a treatment over the
next one, two or three years and monitor it and look at the differences. But in relation to soil
carbon it is quite impossible to impose a treatment at the beginning of a three year project,
come back two or three years later and see a measurable difference.363

The DPI advised the Committee that Victoria has a number of long-term monitoring sites. While the
sites were not established to study soil carbon, data collected at some of the sites is now being reexamined, including for the purposes of building models to predict soil carbon sequestration rates.364
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CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.28
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.7
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.28
ibid.
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010,transcript of evidence, p.218
Dr M Crawford, Deputy Executive Director, Future Farming Systems Research, Department of Primary Industries,
briefing to the Environment and Natural Resources Committee, 14 December 2009
ibid.
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Fourthly, about 25 per cent of the studies examined in relation to the impact of conservation tillage
and pasture management showed no effects on soil carbon levels, or had negative effects.365
It is clear from the literature and the evidence provided to the Committee that while studies have
indicated that soils are responsive to management practices that aim to increase soil carbon levels,
responses vary widely and there are still significant gaps in knowledge in relation to soil carbon
sequestration rates. For example, Professor Cowie, concluded that:
We do know a reasonable amount about the sequestration that is possible with some crops,
some management practices and some soil types, but we need to know more….366

Similarly, Mr Shayne Annett, policy and soils specialist, stated that:
Some of research at the moment that is floating around – and I think we may have made
mention of it in here and you have probably already heard about this – is that sometimes
some of the practices that are presumed to increase soil carbon do not seem to be doing it,
which is really confounding. It certainly does not mean that practice is not a good practice; it
means we do not understand what is going on, so soils are not responding the way we
maybe expect them to, but that is more of a reflection of our knowledge.367

Furthermore, the level of certainty in relation to sequestration rates is much greater for some
management practices than others. For example, there have been many more studies undertaken
on cropping management or conservation tillage than on pasture management.368
Professor Cowie stated in evidence to the Committee:
In relation to pastures, benefits have been shown; in New South Wales particularly in
relation to applying phosphate fertiliser. There has not in fact been much evidence for the
other grazing management practices that are promoted as building soil carbon, such as cell
grazing or converting from annual to perennial pastures and pasture cropping. There is not
much evidence yet scientifically that those are increasing soil carbon. That is not to say they
do not; it is just that we do not have the evidence yet for those.369

The Committee agrees with the need to establish long-term trials in Victoria to validate the potential
of soil carbon sequestration as a strategy to mitigate climate change. Such trials are important to
confirm the results of overseas studies on soil carbon sequestration rates, to investigate the effects
of climate and land uses and management practices on sequestration rates through time, and to
build new models and to validate existing models that predict sequestration rates.
Accordingly, the Committee recommends that:
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CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.42
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010,transcript of evidence, pp.217–218
Mr S Annett, Independent Policy and Soils Specialist, Environment and Natural Resources Committee public
hearing – Traralgon, 19 April 2010, transcript of evidence, p.172; See also Professor A Cowie, Director, National
Centre for Rural Greenhouse Gas Research, Environment and Natural Resources Committee public hearing –
Sydney, 10 May 2010,transcript of evidence, pp.217–218
CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.iv
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.217
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RECOMMENDATION 5.1
The Department of Primary Industries establish long-term trials to assess rates of soil carbon
sequestration under different climates, soil types, land uses and management practices.

5.2.5

Carbon sequestration under emerging management practices

The CSIRO review stated that the majority of studies on soil carbon sequestration rates have been
undertaken on a narrow range of traditional management practices used to sequester soil carbon.
There is little information on the sequestration rates of emerging management practices that aim to
sequester soil carbon, which may have the potential to sequester large amounts of carbon.370
Dr Christine Jones, Founder, Australian Soil Carbon Accreditation Scheme, advised the Committee:
One of the issues we have with most of the research that is being conducted at the moment
is it is taking place on experiment stations that are using traditional methods – in other
words, using herbicides, high-analysis fertilisers and set stocking.371

The Committee received evidence in relation to the capacity of some of the emerging management
practices to sequester carbon. The Committee was advised that there is significant interest amongst
sections of the agricultural community in relation to some of these practices.372
For example, Dr John White, National Councillor, Environment Business Australia, claimed that the
capacity for coal based biological fertilisers to sequester carbon is significant:
We have applied some of these products to more than 300 farms over the last five to ten
years … We are measuring on average a minimum of 0.15 per cent soil carbon increase a
year, year on year, continuously improving. This is the equivalent of 15 tonnes of CO2 per
hectare a year being sequestered …
If you fertilise and farm one million hectares in this way — and we are currently doing nearly
half a million — you would be sequestering 15 million tonnes of CO2 as soil carbon in those
farms a year … If we just encouraged farmers on one million hectares around the Latrobe
Valley to slightly modify their farming practices [and use biological fertilisers] … we would be
sequestering every year the equivalent all of the emissions of the Yallourn power station.373

However, a number of participants in the inquiry cautioned the Committee about the sequestration
potential of coal based fertilisers. 374 While coal based fertilisers may increase soil carbon levels,
much of this may be due to the carbon contained in the fertilisers. As this carbon is derived from a
370
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CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, p.iv
Dr C Jones, Founder, Australian Soil Carbon Accreditation Scheme, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.23
Mr P Forster, Secretary, Environmental Farmers Network, Environment and Natural Resources Committee public
hearing – Hamilton, 30 March 2010, transcript of evidence, p.119
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stable source of carbon – coal – that is generally under no risk of being released into the
atmosphere, such an increase in levels should not be regarded as sequestration. However, carbon
based fertilisers may also increase plant growth. Any increase in soil carbon levels due to increased
plant growth is regarded as sequestration because carbon is being removed from the atmosphere.
Dr Jones argued that the key impact on the Victorian landscape caused by agriculture has been the
loss of ‘summer green perennial groundcover’ and that reversing this change will rebuild soil carbon
levels.375 Dr Jones claimed that: ‘a change from annual to perennial groundcover can double levels
of carbon sequestered in topsoil in a relatively short time’.376
The Goulburn Broken Catchment Landcare Network (the ‘Gecko CLaN’) is currently undertaking
trials of pasture cropping, which is discussed in the box below.
Pasture cropping trials by Gecko CLaN
The Goulburn Broken Catchment Landcare Network (the ‘Gecko CLaN’) is currently undertaking
trials of pasture cropping to investigate a range of issues, including the capacity of pasture cropping
to sequester soil carbon.
In their submission to the inquiry, the Gecko CLaN presented the results of the first year of a trial.
While recognising that the results were preliminary and not uniform across all the trial sites, its
submission stated that the largest increase in soil carbon levels observed at one of the trail sites is
significant, equating to 17 tonnes of carbon dioxide equivalent per hectare per year in the top 10
centimetres of soil. The Gecko CLaN was of the view that:
We recognise that…[such] rates of sequestration would not be repeated in perpetuity, but
the protection and enhancement of perennial grasses in the landscape has the potential
to dramatically affect carbon sequestration in the next 20 years.377

In its submission to the inquiry, Compost Victoria claimed that the Victorian composting industry
currently produces approximately 700,000 cubic metres of compost per year, which stores
approximately 26,000 to 39,000 tonnes of carbon dioxide equivalents per year.378 However, Compost
Victoria argued that ‘most carbon sequestration from composts is likely to come from improvement
of soil and plant health’, which will build soil carbon by increasing organic matter inputs to the soil.379
Compost Victoria also identified that poor composting practices can result in high emissions of
greenhouse gases. However, it was argued that:
[While] poor composting practices can result in high emissions of the greenhouse gases
nitrous oxide and methane… best practice composting ensures low emissions from
composting, and these are more than compensated for by the greenhouse benefits of
avoided emissions from landfill and manure management, and stored soil carbon achieved
through the use of composts applied to land.380

Biochar has potential climate change benefits in a number of ways, including by:
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Australian Soil Carbon Accreditation Scheme, submission no.17, pp.13–14
ibid., p.22
Gecko CLaN, submission no.33, p.3
Compost Victoria, submission no.23, p.1
ibid.
ibid., p.4
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•

producing renewable energy, which displaces the use of fossil fuels;

•

sequestering carbon by converting organic matter from an unstable to a stable form;

•

increasing plant growth, which increases organic matter inputs to the soil;

•

reducing nitrous oxide emissions from the soil – according to the NSW DPI, reductions of up to
90 per cent have been seen in some soils applied with biochar;381

•

reducing methane emissions from the soil;

•

reducing fuel and fertiliser use;

•

slowing rates of the decomposition of organic matter in the soil; and

•

by diverting waste from landfills, which reduces methane emissions from landfills.382

However, currently there is significant uncertainty in relation to the extent of such potential climate
change benefits and the extent of the overall climate change benefits will depend on a wide range of
factors, including the soil types, feedstock types, and the production process.383
A number of participants emphasised to the Committee the importance of undertaking a full-life cycle
analysis of biochar to determine its overall climate change benefits.384
For example, Monash University stated that:
The life cycle assessment on biochar clearly needs to be done … All energy inputs and
outputs should be quantified with consideration given to the biomass sources used (waste
from crops, green waste), transport to a pyrolysis plant, transport to the paddock (clearly
distance is a primary consideration here) and the quantities needed to benefit soil.
Proponents claim the energy of producing the material comes from the biomass that is
pyrolysed; this also requires thorough assessment.385

The process by which biochar removes carbon dioxide from the atmosphere is shown in figure 5.3.
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NSW Department of Primary Industries, Wollongbar Primary Industries Institute, ‘Biochar has potential to reduce
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Pacific Pyrolysis, www.pacificpyrolysis.com, accessed July 2010; CSIRO, Soil carbon sequestration potential: A
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CSIRO, Soil carbon sequestration potential: A review for Australian agriculture, 2010, pp.19–27
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Figure 5.3

Source:

Sequestration of carbon by biochar

www.csiro.au, accessed 13 July 2010

Some witnesses and submissions raised concerns to the Committee about some of the claims being
made in relation to the capacity of the emerging management practices to sequester carbon.386 For
example, in its submission, the Victorian Catchment Management Council argued that:
The topic of soil carbon sequestration and carbon pollution reduction has created an
environment where opportunistic operators may invalidly promote poorly researched
solutions or even solutions to soil carbon sequestration that have no basis at all. Currently,
there are several invalid and unfeasible claims and much controversy surrounding these
topics. There is a lot to be learnt from the ‘biological’ farming groups, but there is a lot of
dogma and zealotry which should be critically assessed.387

The Victorian Government also made a similar point in its submission, adding that such claims have
‘rarely been verified by peer reviewed science’.388
Some farming groups advised that due to the significant interest amongst sections of the agricultural
community in relation to the emerging management practices used to sequester soil carbon, there is
an important role for research organisations in testing these claims. For example, Mr Peter Forster,
Secretary, Environmental Farmers Network, argued that:
[The Victorian Department of Primary Industries] should actively research biological farming
claims. Many people promote unproven technologies and products. I know in our area there
is huge interest in biological farming, and we all want to be biological farmers – that is, in the
sense of reducing our chemical and herbicide use. There are companies around promoting
products that activate the soil and things like that, but I think they need to be subject to
objective trials, and I think the department could maybe put a bit more of its budget towards
proving or disproving some of these products on the market.389
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For example, see Gipps Dairy, submission no.29, pp.15–19; Victorian Catchment Management Council submission
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Professor Alex McBratney, Director, Australian Centre for Precision Agriculture, University of
Sydney, stated that there is an important role for research organisations in testing claims. Professor
McBratney also emphasised the importance of finding new management practices that could
potentially sequester soil carbon at a greater rate than the more traditional practices:
… we need to look for some fast-track solutions. I think we need to look for some new
technologies or management practices which will actually increase carbon a bit more quickly
… and at the same time do not have much impact on production. I will give you some
examples which have not been tested but which we think need to be tested – burying the
carbon in the topsoil or into the lower parts of the soil, because we know that the turnover
rates of carbon in the lower parts of the soil profile are lower … Another one is the
production of black carbon or char in the field. One way of doing that is to try to think of a
methodology for burning stubble under low oxygen conditions in the field …
There are other technologies out there which I would call probiotic technologies, which are
the adding of various biological materials, compost teas, composts and the like. There is
anecdotal evidence from farmers that these can significantly increase the amount of carbon
sequestered. These have not so far been corroborated by the scientific community, but that
remains to be done. It is very important that that observation is followed up. I think there are
numerous approaches. It is not just about conservation tillage or planting trees.390

The Committee shares the concern raised by witnesses regarding the claims made about the
capacity of some of the emerging management practices to sequester soil carbon. However, there is
anecdotal evidence that some of these practices have significant potential to sequester soil carbon.
As such, and given the significant amount of interest in some of these practices amongst certain
sections of the agricultural community, the Committee believes that the most promising of the
emerging management practices warrant further investigation.
Accordingly, the Committee recommends that:
RECOMMENDATION 5.2
The Victorian Government fund research that investigates the potential of the most promising
emerging management practices for soil carbon sequestration.

5.2.6

Soil carbon and other greenhouse gases

Soil carbon can influence emissions of nitrous oxide and methane from soils.391 Furthermore, some
land uses and management practices used to sequester soil carbon may also influence emissions of
these gases. For example, no-till practices are known to influence nitrous oxide emissions.392
As nitrous oxide and methane are significant greenhouse gases, 393 any increase in emissions of
these gases could outweigh the climate change benefits of soil carbon sequestration.
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Witnesses noted that because of the complex interactions between soil carbon and nitrous oxide
and methane, it is important to account for all greenhouse gases in determining the overall climate
change benefits of land uses and management practices used to sequester soil carbon.394
For example, Professor Cowie explained that:
…putting on more nitrogen fertiliser to promote more production so we can get more
biomass going back into the soil is also going to increase nitrous oxide emissions; and
nitrous oxide being 300 times more powerful as a greenhouse gas than CO2 could be quite
significant. What you need to do is have a whole-system level accounting, a comprehensive
accounting approach, if you are going to try to recognise the benefits of soil carbon.
Building soil carbon through converting crop land to pastures is going to have other effects.
It might mean that we have more cattle on properties, which might mean more methane
emissions; we need to take this sort of thing into consideration.395

Professor Cowie added that:
It certainly would not be seen as credible to introduce a mechanism that gave an incentive
[to farmers] for increasing soil carbon that did not at the same time take into consideration
[any emissions of nitrous oxide and methane].396

However, currently, the affect of land uses and management practices used to sequester soil carbon
on nitrous oxide and methane emissions is not well understood and has rarely been quantified.397
The Committee believes there is a need for further research into the affect of land uses and
management practices used to sequester soil carbon on nitrous oxide and methane emissions to
enable the overall climate change benefit of these practices to be quantified.
The Committee also recognises the need to account for all greenhouse gas emissions – not only
carbon dioxide, but also nitrous oxide and methane – in determining the overall climate change
benefits of land uses and management practices used to sequester soil carbon.
Accordingly, the Committee recommends that:
RECOMMENDATION 5.3
The Victorian Government fund research to quantify the extent of nitrous oxide and methane
emissions associated with land uses and management practices used to sequester soil carbon.
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RECOMMENDATION 5.4
Any policies established by the Victorian Government to promote soil carbon sequestration in
Victoria require that emissions of all greenhouse gases associated with land uses and
management practices used to sequester soil carbon are accounted for.

5.3

Agricultural benefits

Soil carbon sequestration has the potential to result in significant agricultural benefits. Many
participants to the inquiry emphasised the potential duel benefits in relation to soil carbon –
sequestering soil carbon improves soil health, which in turn, may increase agricultural productivity.
As argued by Dr Battaglia:
…there is also potential here for a…win-win on land…on many existing sites – particularly
intensively managed lands – stored carbon is diminished from its holding capacity. There
are ways to increase that and simultaneously increase productivity as well so that the
increase in soil carbon will potentially improve the nutrient retention properties of the site
and will increase…the water-holding capacity, both of which are strongly aligned to
production. [Soil carbon sequestration] is not necessarily a trade-off or a conflict.398

The agricultural industry also has the potential to benefit financially from soil carbon sequestration
under an emissions reduction scheme that includes soil carbon.
The agricultural benefits of soil carbon sequestration in terms of improvements to soil health are well
established. In turn, soil health improvements have a range of broader agricultural benefits.
However, the nature and extent of the agricultural benefits associated with some management
practices used to sequester soil carbon is unclear, while some practices may have adverse effects.
Despite the relationship between soil carbon and soil health, a number of potential conflicts exist
between soil carbon sequestration and agricultural productivity. Few studies have been undertaken
to quantify the potential increases in agricultural productivity due to soil carbon sequestration.

5.3.1

Benefits of soil carbon in terms of soil health

Dr Ras Lawson, Deputy Chair, Agribusiness Gippsland, explained to the Committee that farmers
have been interested in soil carbon for many years:
We have always been interested in soil carbon because of the benefits it [creates] for us,
particularly in the quality of the soil so far as holding soil moisture is concerned, releasing
soil nutrients and a range of [other] things.399
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Similarly, Ms Vanessa Grieger, Executive Officer, Victorian No-Till Farmers Association stated in
evidence to the Committee that:
As no-till farmers, our focus is more on healthy soils. That was our focus 20 years ago when
leading farmers first started with no-till, and that is still the focus of those farmers today.
Farmers should want healthy soils for other reasons and not for the potential to be paid
because of any carbon credits that they may gain. There are a lot of benefits that healthy
soils give us – better crop growth, minimal wind and water erosion, higher yielding crops,
ability to withstand drier years, less reliance on inputs and increased water use efficiency.
That is basically the story that we try to get across to our farmers.400

As shown in figure 5.4, the organic matter required to sequester soil carbon influences a range of
biological, chemical and physical properties that influence soil health.
Figure 5.4

Source:

Functions of soil organic matter

www.grdc.com.au, accessed July 2010

A review by the CSIRO on the role of organic matter and soil carbon concluded that soil carbon
sequestration improves soil health, including in relation to improving:
•

the resilience of soil (the capacity to return to its original state after a disturbance);401

•

soil structure and the stability of ‘soil aggregates’ (individual particles bonded together);402

•

the water holding capacity of soil;403

•

the ability of soil to hold and release nutrients;404

•

the ability of soil to hold and release metals important for plant growth;405 and

•

the ability of soil to resist changes in pH.406
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The agricultural benefits of soil carbon sequestration at any one location will likely depend on a
range of factors such as climate, soil type, existing soil carbon levels and management practices.407
Importantly, the organic matter required to sequester soil carbon also provides a reservoir of energy
in the soil for soil fauna and micro-organisms, which drive processes such as decomposition, and a
reservoir of nutrients in the soil for plant growth.408 Apart from fertilisers, organic matter provides the
largest source of nutrients, such as nitrogen, phosphorous and sulphur, for plant growth.409
Such benefits to soil health may result in a range of broader agricultural benefits, including:
increased plant productivity; reduced water use for irrigation of crops and pastures; reduced fertiliser
use, which will reduce the costs associated with fertiliser use and may also reduce soil acidification;
and reduced energy use due to tillage, which will reduce the costs associated with tillage.
Mr Robert Ruwoldt, Victorian No-Till Farmers Association also argued that soil carbon sequestration
significantly influences the water holding capacity of soils:
I know you are talking carbon, but water use efficiency goes hand in hand with carbon. The
carbon holds 10 times its own weight of moisture, so if you have higher carbon in your soils
and you get rain, you are going to store that water; you are going lock it up, so the plants
can get it. But if you have no carbon, you cannot store the water. It evaporates … gone —
missed out, cannot grow a crop.410

The Committee was advised of a number of adverse effects associated with soil carbon
sequestration, including: adverse effects associated with the interactions of soil carbon with other
nutrient cycles; and increased water repellence of some soils (see the box below).
Soil carbon and water repellence
Soil carbon sequestration can increase the water repellence of sandy soils in southern Australia,
which can cause non-wetting behaviour – a situation where soils do not absorb water.
Although acknowledging water repellence as an important issue needing to be addressed, in
evidence to the Committee the CSIRO concluded that increasing soil carbon levels generally
increases rather than decreases the water-holding capacity of soils across Australia.411
Dr Jeff Baldock stated:
The positive side of building carbon and increasing soil water-holding capacity so more of
the rainfall events get stored and made available to plants, on the whole across the
country, far outweighs any non-wetting behaviour that might be expected.412
The CSIRO also explained that the issue of water repellence was generally associated with natural
systems rather than agricultural systems and that there are a number of measures available that
can be implemented to mitigate this issue.
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In some cases, the addition of materials high in carbon to the soil can cause micro-organisms to
immobilise soil nitrogen, which makes it less available for use by plants. As explained by the
Victorian Government in its submission:
The addition of carbon increases the carbon/nitrogen ratio and at a [certain] point the
dominant process in the soil becomes the immobilisation of nitrogen by microbes.
Immobilisation of nitrogen by these microbes increases competition between the plants and
soil microbial communities. This ultimately decreases a plant’s access to nitrogen, limiting
productivity.413

The Victorian Government advised that the interactions between soil carbon and important nutrient
cycles such as the nitrogen, phosphorous and sulphur cycles need to be better understood to avoid
potential adverse agricultural effects of soil carbon sequestration.414
The Committee agrees with the need for further research into the interactions between soil carbon
and other important nutrient cycles. This is an important area of scientific uncertainty because it has
the potential to impact on agricultural productivity. The Committee believes in a cautious approach to
soil carbon sequestration informed by an appropriate level of scientific information.
Accordingly, the Committee recommends that:
RECOMMENDATION 5.5
The Victorian Government fund research into the interactions between soil carbon and nutrient
cycles, including the nitrogen, phosphorous and sulphur cycles.

5.3.2

Benefits and adverse effects specific to management practices

The Committee received evidence that suggests that the nature and extent of the agricultural
benefits associated with some management practices used to sequester soil carbon is unclear. In
addition, the Committee was advised that some practices may have adverse effects.
This section of the report focuses on the following management practices: no-till practices,
restoration of summer green perennial groundcover, pasture cropping and biochar.
Monash University identified that some studies have shown that soil amendments containing humic
materials – the materials that comprise humus, a stable form of carbon derived from Victorian brown
coal, in some cases, have increased plant growth, reduced soil acidity and increased soil stability.415
Mr Ruwoldt, identified some of the benefits of no-till practices:
We use very minimal inputs. We do not till the soil at all. We just go along with a disc and
cut a little slot and put a seed in the ground, with a little bit of fertiliser, not much, and we get
fantastic crops year in, year out, continually cropping every year.416
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Dr Jones argued that the restoration of summer green perennial groundcover has a range of
agricultural benefits in relation to improved soil health, including better soil structure, nutrient
availability, and water retention, and reduced soil acidity and erosion.417
Mr David Dore, Executive Member, Goulburn Broken Catchment Landcare Network, discussed
some of the agricultural benefits of pasture cropping:
Many people in this district … such as ourselves have sold off their breeding herds of cows
over the last few years because they were forced to, really. We just did not have enough
feed to keep them going, so it is really quite compelling for me when I think, ‘Gee, [pasture
cropping] is a way to have feed all year round, and I can do it with substantially lower input
costs’, or just minimising our costs. I think the great thing for me about the pasture cropping
method as Colin Seis has articulated it is that it has really provided a rationale for something
that I was already trying to do. I was already trying to reduce my chemical usage; I was
trying to really target where I was placing fertilisers in the paddock, and I knew I needed to
do that because the balance sheet was telling me to do that…418

In its submission, Compost Victoria stated that composting is a proven technology with well
established agricultural benefits. Compost Victoria noted that while poorly produced composts can
contain heavy metals and may have short-term toxic effects on plants, no adverse effects occur
using composts produced under appropriate standards.419 The Australian and Victorian composting
industries have developed Australian standards and product certification schemes.
The potential agricultural benefits and adverse impacts of biochar are outlined in the box below.
Potential agricultural benefits and adverse effects of biochar
Currently, there is interest in biochar worldwide as both a soil amendment in agricultural soils and as
a method to remove carbon dioxide from the atmosphere. The Committee received much evidence
in relation to the potential agricultural benefits of biochar.

Benefits
In a review of studies on biochar, the CSIRO identified that the potential agricultural benefits
include:420
• improved ability of soil to hold and release nutrients;
• improved water holding capacity of soil;
• improved soil structure;
• reduced soil acidity;
• reduced fertiliser use;
• decreased uptake by plants of toxic substances in the soil; and
• increased diversity and abundance of micro-organisms in soil.421
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It is likely that the agricultural benefits of biochar will vary depending on a range of factors, including
the type of biochar used, climate, soil type and management practice.422
In evidence to the Committee, Dr Lukas Van Zwieten, Principal Research Scientist, Industry and
Investment NSW, identified some of the potential agricultural benefits of biochar:
Certainly we have good, published evidence showing that when you put biochar in some
soils in some cases it makes things grow a lot better, and a part of that is due to the fact
that we are recycling some of the nutrients and part of it is due to the fact that we are
adding carbon to soil. We are increasing things like cation exchange capacity [the ability
of a soil to hold and release nutrients]… in some cases, we are reducing bulk density of
soil in some cases, we are changing the nutrient dynamics… we are possibly retaining
more nitrogen in the soil for plants to use and we are increasing fertiliser-use efficiency.
There are a whole heap of benefits of actually applying biochar to soil.423
Professor Stephen Joseph, Visiting Professor, School of Materials Science and Engineering,
University of New South Wales, identified that biochar can be mixed with other products such as
biological fertilisers, which can enhance the agricultural benefits:
Soil is about the interaction of minerals, microbes, water and organic matter. The key
thing we are finding is that it is not biochar by itself but biochar mixed with minerals
[contained in biological fertilisers] that makes the difference - and we are the first in the
world to find that out.424

Adverse effects
While a large number of studies have shown agricultural benefits associated with the use of biochar,
a small number of studies have shown either no benefits or adverse affects.
Some biochars may have adverse effects on plant growth. Studies have indicated that biochar often
affects plant growth in a positive way when applied to highly degraded and nutrient-poor soils, while
it may have no affect or a negative affect when applied to fertile and healthy soils.425
Biochar may also affect the properties of soils in different ways. The Committee was advised that in
some cases biochar may increase soil acidity. In addition, while some studies indicate that biochar
may slow the decomposition of organic matter in the soil, 426 other studies suggest that it may
accelerate decomposition rates.427
A further issue raised by participants in the inquiry was in relation to the feedstock used to produce
biochar. The production of biochar may result in agricultural materials useful for other purposes
being used as feedstocks, or result in the conversion of agricultural land or forests to land used
solely for the production of feedstocks.428
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Monash University stated in its submission that:
If biochar were to become a popular carbon offset in Australia, it could result in
unintended consequences, such as the conversion of useful agricultural products to
[biochar] or the use of agricultural land to produce biomass expressly for biochar
production.429
In evidence to the Committee, Dr Baldock argued that using crop residues as a feedstock may
adversely affect soil carbon levels:
If we start harvesting carbon from a farm to create biochar, we could be in a situation of
robbing Peter to pay Paul, because that carbon originally might have been going back
into the soil and keeping the soil carbon content at its stable values.430
In evidence to the Committee, Dr Van Zwieten, concluded that:
There has been a lot of misinformation about biochar. It is not a magic bullet, and
certainly what we are understanding … is that there are certainly different qualities of the
biochar that is going to be beneficial to different scenarios … Certainly my opinion and
the opinion of many of the scientists here at … [Industry and Investment NSW] is that you
actually need to match the soil constraint with the qualities of the biochar, so just
chucking out any black material onto your soil is not necessarily going to have either an
environmental or agronomic or economic outcome.
We need to be quite smart in the way we do this particular technology, just like adding compost or
other residues does not always necessarily have a beneficial effect either, so it is no different with
biochar.431

The Committee was advised that most of the research on biochar in Australia is currently being
undertaken by the CSIRO and Industry and Investment NSW432 and understands that most of the
studies on biochar have been undertaken in the north eastern part of NSW. As such, the results of
these studies are not necessarily transferable to Victoria, which has different climates and soil types.
To date, the DPI has not invested significant resources into research on biochar in Victoria.433 In
evidence to the Committee, Dr Crawford stated that:
We have let other states [and institutions] take the lead [in relation to research on biochar],
and we are keeping a watching brief. When results come on board and they need to be
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applied in Victoria, then we will undertake the relevant [research and development] in
Victoria, should that need arise.434

The Committee recognises that there are potential agricultural benefits associated with biochar.
However, the Committee finds that uncertainty remains in relation to the extent of such benefits and
the nature and extent of adverse effects, particularly in relation to Victoria. In a recent review, the
CSIRO identified a number of research needs in relation to biochar, including:
•

determination of the agricultural benefits and adverse effects of biochar across different
climates, soil types, management practices and feedstock types;

•

determination of safe rates of application of biochar on agricultural land across different soil
types that will avoid adverse effects, such as impacts on agricultural productivity; and

•

greater analysis of the toxic substances contained in biochar due to different feedstocks.435

The Committee recommends that the Victorian Government maintain close links with the institutions
undertaking research on biochar elsewhere in Australia, in particular the Industry and Investment
NSW and the CSIRO. The government should monitor the outcomes of this research in order to
determine its applicability to Victoria and whether further research on biochar that is specific to
Victoria is needed.
The Committee was advised by a number of witnesses that to date, pyrolysis technology used to
produce biochar has only been demonstrated in Australia as a pilot project and there is a need to
establish a commercial sized demonstration facility to investigate both the technical and economic
feasibility of the technology.436
The Committee was also advised of a collaboration between Industry and Investment NSW, the
NSW Department of State and Regional Development and Ballina Shire Council to investigate the
feasibility of establishing a commercial sized pyrolysis demonstration facility in north eastern NSW.437
The demonstration facility would be located at the Ballina landfill site and would use organic waste
destined for the landfill to produce biochar and renewable energy. Annually, the facility would
produce 6,000 megawatt hours of renewable energy (enough power to supply approximately 750
houses for a year) and avoid emissions of 48,000 tonnes of carbon dioxide equivalent
(approximately 0.03 per cent of NSW's total emissions). The demonstration facility has the potential
to result in a wide range of additional benefits, including:
•

demonstration of the technical and economic feasibility of a commercial scale pyrolysis facility;

•

demonstration of the emissions reduction benefits of pyrolysis technology at a commercial scale;

•

reduction in the amount of organic waste to Ballina landfill and thus reducing greenhouse gas
emissions from the landfill and extending its life; and

•

expansion of biochar production, which would enable research on the potential agricultural
benefits of biochar to be undertaken at a much larger scale than it is currently.
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The Committee understands that a project feasibility study has been completed, which found that a
business case exists for the development of the facility. Ballina Shire Council and potential investors
have reviewed the business case and consider that the demonstration facility would be economically
competitive with alternatives. The Committee understands that the project's partners are currently
seeking funding to cover a portion of the capital costs of the project.
The Committee sees merit in the Victorian Government preparing a feasibility study into the
establishment of a commercial sized pyrolysis facility in Victoria. The study should investigate the
business case and other potential benefits (for example, creation of regional employment, utilisation
of available waste resources) of a commercial sized pyrolysis facility.
Accordingly, the Committee recommends that:
RECOMMENDATION 5.6
The Victorian Government fund a feasibility study into the establishment of a commercial sized
pyrolysis facility in Victoria.
A key adverse effect associated with soil carbon sequestration raised by many witnesses was that a
carbon trading scheme or an alternative incentive mechanism to encourage farmers to sequester
soil carbon may reduce the ability of farmers to alter farming practices in response to changing
conditions, including market conditions and a changing climate.438
For example Mr Graeme Ford, Policy Advisor, Victorian Farmers Federation, stated in evidence to
the Committee:
If you sequester soil, how tightly will you be bound to a particular type of farming system to
maintain that carbon level? As we have seen over the last 10 years there have been some
fairly strong, innovative pushes in agriculture to deal with a changed climate. A contract for
soil carbon in your soils may actually limit your capacity to innovate …439

This issue is discussed further in chapter six.
Many witnesses and submissions raised concerns with the Committee about the potential for a
carbon market – which results in a price on carbon and may allow farmers to establish soil carbon
sequestration projects on agricultural land – to cause land use changes that may have adverse
effects. The key potential adverse effects of land use changes raised by witnesses were:
•

impacts on agricultural production across regions; and

•

impacts on water resources.
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In particular, concerns were raised about the potential for a price on carbon to result in the
widespread conversion of agricultural land to forests. As noted above, this land use change has the
potential to sequester significant amounts of carbon in soils (as well as in vegetation).
The Australian Bureau of Agricultural and Resource Economics (ABARE) estimated that 500,000
hectares (4 per cent) of agricultural land in Victoria is likely to be economically viable for
afforestation 440 up to 2050 at the carbon prices resulting from an emissions reduction target of
5 per cent. About one million hectares (7 per cent) of agricultural land is likely to be viable for
afforestation at the prices resulting from an emissions reduction target of 15 per cent. 441 These
estimates suggest that a price on carbon can significantly influence land use change in Australia.
In its submission, the Wentworth Group argued that:
Without complementary land use controls and water use accounting arrangements in place,
there is a risk that … [forests established for carbon sequestration] will take over large areas
of agricultural land, causing adverse impacts on food and fibre production, and impacting on
regional jobs that are dependent on these industries.442
Unregulated carbon forestry poses risks to Australia’s fresh water resources, particularly in
high rainfall zones above 700 mm where large scale forestry is most viable, because it can
reduce the amount of runoff into rivers, groundwater and dams.443

Similarly, Mr Peter Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management
Authority, stated in evidence to the Committee that:
We have … experienced in this region a conversion of a lot of grazing land to plantation
forestry. That has been vastly fuelled by managed investment scheme tax breaks.
Approximately 180 000 hectares of grazing land has been converted from Robe in South
Australia through to Ballarat in the last 10 years.
There is emerging evidence that that expansion of that industry has seen a severe reduction
in stream flow, aquifer levels — a whole range of things. There have been some benefits as
well, but fundamentally that has not been a land use change that has been controlled or
regulated in any way. We have learnt about the disbenefits at the end of the process.444

However, Dr Battaglia advised the Committee that establishing forests does not have to reduce
agricultural production. For example, planting buffer strips (planting trees along fence lines or
streams) may increase agricultural production and have a range of other benefits.445
A number of witnesses argued that the carbon market may need to be regulated to ensure that the
potential adverse effects of land use changes on agricultural production and water resources are
minimised and the potential co-benefits are maximised.446
440
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Mr Peter Cosier, Director, Wentworth Group, argued in evidence to the Committee that the carbon
market should be regulated to avoid adverse economic, social and environmental effects:
So the question is: [if you do not regulate the carbon market], what decisions are farmers
likely to make? If there were no adverse economic consequences to farmers doing that,
then you … would not bother regulating [the carbon market] at all. But as we know from the
managed investment schemes and other problems around the world from just letting the
market rip, you do create perverse economic, environmental and social outcomes in that
process. So a planned approach is a far wiser approach.

Mr Butcher, argued that the carbon market should be regulated to some extent to avoid adverse
effects on agricultural land:
… we do not want to have a totally regulated system in agriculture. We want to have that
adaptivity and resilience that private land holders making individual investment decisions
guarantees. [However] … we need … the minimum of regulation to ensure that we do not
get the sort of perverse effects that we have got with plantation forestry. Particularly in a
world that is after food and fibre, if we have locked up our best agricultural [land] for carbon,
I do not think that is an outcome that anyone wants, but you cannot guarantee that [will not
occur] if we go into this in a totally unplanned way.

In its submission, the Wentworth Group proposed that the carbon market could be regulated by
zoning agricultural land according to its suitability for forest establishment. The purpose of zoning
would be to ensure that forest establishment occurs in a way that protects high value agricultural
land and water resources and achieves the greatest possible co-benefits, such as biodiversity
benefits (for example, by establishing forests in biolink areas447 to improve the connectivity of the
landscape for plants and animals).
The zoning proposal involves two main steps:
Firstly, catchment management plans (CMPs)448 prepared by Catchment Management Authorities
(CMAs) would be improved on the basis of new and existing studies to identify areas of agricultural
land suitable for the establishment of forests. CMPs would be improved to identify: areas of high
value agricultural land that should be protected; areas where forest establishment would adversely
affect water resources; and areas where forest establishment would achieve the greatest possible
co-benefits.449
Secondly, land use planning schemes prepared by local councils would be amended to zone land in
agricultural areas in accordance with the improved CMPs as follows:450

446

447

448
449
450

106

Mr P Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management Authority, Environment and
Natural Resources Committee public hearing – Hamilton, 30 March 2010, transcript of evidence, pp.113-114; Mr P
Cosier, Director and Member, Wentworth Group of Concerned Scientists, Environment and Natural Resources
Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.248; Mr C Watts, Regional Projects
Manager, The Climate Institute, Environment and Natural Resources Committee public hearing – Melbourne,
15 March 2010, transcript of evidence, p.65
A biolink is defined as an area identified for targeted action to increase ecological function and connectivity,
improving the potential of plants and animals to disperse, recolonise, evolve and adapt naturally; Victorian
Government, Department of Sustainability and Environment, Securing our natural future: A white paper for land and
biodiversity at a time of climate change, 2009, Glossary
These are prepared by Catchment Management Authorities
Wentworth Group of Concerned Scientists, submission no.11, pp.16–17
These are prepared by local councils

Chapter 5: The benefits and adverse effects of soil carbon sequestration

•

Green light or permitted use zones – areas identified in CMPs as suitable for forest
establishment due to minimal adverse effects and maximum co-benefits;

•

Red light or prohibited use zones – areas identified in CMPs as unsuitable for forest
establishment due to unacceptable adverse effects; and

•

Amber light zones –areas identified in CMPs where adverse effects are uncertain and thus an
environmental impact assessment is required prior to forest establishment.451

In evidence to the Committee, Mr Cosier, explained the zoning proposal further:
In short, we need to plan where we plant trees, where we produce food and where we might
do both… The [CMPs] need to identify areas where restoring native vegetation is of benefit,
such as along our rivers, wetlands and estuaries … and they need to identify opportunities
in agricultural landscapes for improving soil carbon to help climate change mitigation and
improve the condition of our agricultural soils.452

Mr Cosier also emphasised the importance of undertaking studies and planning to inform the zoning
of agricultural land according to its suitability for forest establishment at regional and local levels:
We strongly advocate that that planning should be done at a local community level. In other
words, from an economic perspective, communities should get economic analysis done
about what this carbon market is likely to do so that they can make judgements as to
whether they want to regulate farm forestry on farmland or not … They should just look at it
from their own self-interest perspective…
If you go out to the Wimmera, where they are destocking from sheep and there is no other
viable land use and they are going to be promised an income stream for the next 40 years
for growing Mallee or bluebush, or whatever, they might say, ‘That’s fantastic’, and welcome
it. Other communities might say, ‘Hang on, there are a lot of value-added industries that sit
off agricultural production. We don’t want [forests to be established] here at all’. Most
communities I think will sit somewhere in the middle …453
So in short those decisions need to be made at a local level, guided by good science, and
that is where I believe the Landcare revolution [and the] establishment of catchment
management authorities, 20 years ago, has put us in a fantastic position.454

The Committee noted that the Australian Government has prepared guidelines for forests
established to sequester carbon under the Income Tax Assessment Act 1997. The guidelines state
that forest establishment should be guided by regional natural resource management plans, such as
CMPs, and water sharing plans. Furthermore, the environmental impacts of forest establishment
should be considered at a catchment scale. 455 However, the Wentworth Group implied in its
submission that these guidelines are unlikely to adequately address the adverse effects of forest
establishment because current regional natural resource management plans such as CMPs require
improvement.
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The Committee agrees that a price on carbon has the potential to cause land use changes that may
have adverse effects on high value agricultural land and water resources.
Furthermore, the Committee considers that zoning agricultural land to identify areas suitable for
forest establishment could minimise the potential adverse effects of forest establishment and
maximise the potential co-benefits, and warrants further investigation.
As forest establishment is likely to be attractive to farmers as a method to sequester carbon in soils
(as well as in vegetation), the Committee recommends that:
RECOMMENDATION 5.7
The Victorian Government investigate zoning agricultural land in Victoria to identify areas
suitable for the establishment of forests to sequester carbon in soil (as well as in vegetation) in
order to minimise the potential adverse impacts of forest establishment on food production and
water resources and maximise the potential co-benefits.

5.3.3

Soil carbon and agricultural productivity

The Committee heard a wide range of often conflicting views from participants in the inquiry about
the relationship between soil carbon sequestration and agricultural productivity.
Most participants advised that soil carbon sequestration should increase agricultural productivity due
to improvements in soil health. For example, Associate Professor Tony Patti, Centre for Green
Chemistry, Monash University, stated in evidence to the Committee:
…where you have high levels of organic matter in the soil, provided all the other conditions
are right and you have the rainfall and everything is suitable for the crops, you will get better
yields and a more healthy soil environment overall. The productivity comes with it…if you
have more organic matter there, you will get great productivity.456

Similarly, Dr Baldock stated:
I have yet to see a soil that has gone backwards in terms of its productive capability by
increasing its carbon content. We almost always associate an increase in production
capability if carbon goes up.457

Despite the relationship between soil carbon and soil health, a number of participants argued that
potential conflicts exist between soil carbon sequestration and agricultural productivity.
A key potential conflict was explained in evidence to the Committee by Dr Baldock, who pointed out
that soil carbon sequestration requires greater amounts of carbon to be retained on the land and
incorporated into the soil, while increasing agricultural productivity requires greater amounts of
carbon to be removed from the land:
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The challenge we have … is to try to increase soil carbon while still maintaining or
enhancing current productivity … farmers are actually paid to remove carbon [from their
land].458

A report commissioned for Dairy Australia and submitted by Gipps Dairy as part of its submission to
the inquiry suggested that soil carbon sequestration on dairy pastures will be hard to achieve
because of the difficulty of increasing pasture production without decreasing stocking rates.459
Two additional potential conflicts were presented in evidence to the Committee:
•

the most productive agricultural lands (for example, high rainfall areas with good soils) are also
the lands that generally have the greatest potential to sequester soil carbon; and

•

the practices that appear to have the greatest potential to sequester soil carbon (for example,
conversion from crop land to forests) may have the greatest impact on agricultural productivity.

Witnesses argued that efforts to sequester soil carbon, and in particular land uses changes that will
have the greatest impacts on agricultural productivity, such as the conversion of crop land to forests,
should be focused on the less productive agricultural lands.
For example, Mr Marc Thompson, Chief Executive Officer, Wimmera Catchment Management
Authority, argued that:
…if you are looking at a farm…where a fellow has good soils and poor soils and he is not
getting much productivity from his poor soils … you might be better to encourage them to
get off that land in terms of agricultural production and put it into native habitat. You are then
getting multiple benefits to the public in terms of provision of habitat and protection of
threatened species, and you are also getting [less loss of soil carbon] than if he continues to
struggle on using that particular bit of land.460

Similarly, Dr Baldock, suggested that:
In some places you look at yield maps of a paddock and…see that the gross margins are
actually negative, and… if that happens year in year out and there is nothing you can do
about it, you could lock [those areas] away [for carbon production].461

Despite the potential conflicts between soil carbon sequestration and agricultural productivity, the
Committee heard evidence that soil sequestration can increase productivity in many situations.
In evidence to the Committee, Dr Baldock noted that the productivity benefits may not always result
from soil carbon sequestration:
There are potential ways in different systems to increase soil carbon values and at the same
time increase productivity. If I left you with the idea to build soil carbon you have to lose
productivity, that is not entirely true. There will be lots of instances out there where you get
both happening. Rotational grazing is a good one. Reduced tillage is another one. Reduced
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tillage might [increase productivity]… simply because you have stopped erosion; you have
stopped all of the fine bits of organic stuff getting picked up and blown around the country.462

Similarly, Mr Thompson, stated in evidence that:
There are a number of things that you can do to promote good soil management and good
productivity management that are linked to improved carbon sequestration – for example, in
our region we provide incentives to farmers to convert poor soils to native vegetation or
permanent pasture to control erosion, which builds carbon levels over time. We promote
minimal tillage in terms of reducing soil erosion from wind, but that also leads to more
residue being incorporated into soil and less cultivation, which can reduce soil carbon. We
also work with land-holders to take low-productivity soils which are going to be poorer at
storing carbon…and putting them into habitat.463

While it is well established that soil carbon sequestration improves soil health, it appears that little
research has been undertaken to investigate the role of soil carbon in relation to agricultural
productivity. In particular, both the extent of any increases in agricultural productivity and the effect
of different management practices do not appear to have been quantified.
The Victorian Government submission stated that management practices that result in the build up
of soil carbon have generally had positive effects on agricultural productivity, but implied that few
studies have been undertaken to quantify such effects:
Much research on farming systems has been directed at better management of soil such as
stubble retention, reduced tillage and weed management. These management changes
have generally had positive production impacts, even though the relationship between
production and soil organic carbon is not explicit.464
No studies have been undertaken to show the extent of the net benefits from increasing soil
carbon for the purpose of increased production.465

Professor McBratney, suggested to the Committee that while some studies have been undertaken
that suggest that soil carbon sequestration improves agricultural productivity to some extent, more
research is required in this area.466
Dr Baldock stated to the Committee that the role of soil carbon in relation to agricultural productivity,
including across different soil types, is currently a key area of research for the CSIRO.467
While soil carbon sequestration should generally increase agricultural productivity through
improvements to soil health, the Committee concludes that the extent of the benefits to productivity
across different management practices used to sequester soil carbon are uncertain.
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Accordingly, the Committee recommends that:
RECOMMENDATION 5.8
The Victorian Government provide funding for research that quantifies the extent of the
agricultural productivity benefits of soil carbon sequestration in Victoria, including across different
climates, soil types and management practices used to sequester soil carbon.

5.4

Environmental benefits

Many participants argued to the Committee that soil carbon sequestration will result in a range of
environmental benefits. For example, in her submission to the inquiry, Dr Jones, argued that the:
Benefits of rebuilding carbon-rich soils extend well beyond the farm gate. Soil carbon is the
one single, measurable factor that underpins the solution to multiple natural resource
management problems. Improved soil and water quality are the ‘key’ to catchment health.468

The Victorian Government advised that the environmental benefits of soil carbon sequestration may
be as significant as any direct benefit of removing carbon from the atmosphere. 469 However, it
appears that few studies have been undertaken to quantify the extent of the potential environmental
benefits of soil carbon sequestration.
A significant opportunity exists to link soil carbon sequestration with other environmental objectives.

5.4.1

Benefits of soil carbon

Many of the environmental benefits specific to soil carbon are similar to the agricultural benefits, and
include:
•

reduced run-off from agricultural areas due to an increased ability of soils to hold water;

•

reduced nutrients and chemicals such as pesticides and herbicides in run-off from agricultural
areas;

•

reduced soil erosion due to improved soil structure and stability;

•

improved water quantity and quality in waterways and groundwater; and

•

the maintenance of biodiversity due to an increased diversity and abundance of
micro-organisms in soils.470
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5.4.2

Benefits and adverse effects specific to management practices

In evidence to the Committee, Greening Australia highlighted the biodiversity benefits of establishing
biodiverse forests.471 Similarly, Dr Jones, argued that the establishment of perennial groundcover will
have significant biodiversity benefits:
…the restoration of summer-green perennial groundcover represents the most potent
mechanism available for fire retardation [and] biodiversity enhancement [at a catchment
level].472

In its submission to the inquiry, Compost Victoria highlighted a range of environmental benefits of
using composts, including: reduced water use; reduced erosion; reduced use of fertilisers; reduced
nutrients and sediments in agricultural run-off; and reduced amounts of organic matter disposed in
landfills, which reduces the generation of leachate (the liquid that drains from landfills), which in turn
can contaminate streams and groundwater.473 Compost Victoria also argued that composting can
reduce the environmental impacts of manures:
Uncomposted manures from intensive animal production can be significant sources of
greenhouse gas emissions and pollution of ground and surface water through uncontrolled
leaching of nutrients. Controlled composting of these materials reduces these emissions
and converts the manures into a more stable form. Uncomposted manures are also a
source of animal and human disease causing organisms and weed seeds. The heat
generated during the composting process kills these, as well as weed seeds.474

Compost Victoria stated that while the range of potential environmental benefits of composts are
understood, further research is required to quantify the extent of the benefits.475
The Committee received much evidence in relation to the related environmental benefits of
biochar.476 Biochar has the potential to reduce nutrients and sediments in agricultural run-off and
reduce the amounts of organic matter disposed in landfills.
Dr Van Zwieten highlighted the benefits of pyrolysis (the process used to create biochar) in terms of
waste management in evidence to the Committee:
There is a lot of pressure — I think both federal and state pressure, certainly in New South
Wales — on minimising material that goes into landfill. Waste levies are increasing…The
benefit with pyrolysis is that you can pyrolise small amounts of plastic, and I think this is
particularly relevant for local councils that pick up rubbish, in that disposable nappies can
actually go through the pyrolysis process.477
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With a pyrolysis process … your food waste, your garden green waste and your disposable
nappies can go into a larger weekly collectable bin, that can all be pyrolysed, so we have far
less issues with waste collection and mixed solid waste issues and waste separation. 478

Dr Van Zwieten also described how pyrolysis can be used to reduce the volume of contaminated
material, such as chemically treated timber or biosolids (human waste) disposed in landfills, which
makes the material much easier to manage on-site.
However, there remains much uncertainty about the extent of the environmental benefits of biochar.
In a recent review, the CSIRO identified a number of key gaps in knowledge, including:
•

greater analysis of the risk of toxic substances being released during biochar production and the
risk of toxic substances within feedstocks, including potential impacts on natural systems; and

•

greater analysis of the range of environmental benefits of biochar, including its potential ability to
rehabilitate contaminated wetlands and to assist in managing algal blooms in aquatic systems.479

The Committee finds that, while soil carbon sequestration has the potential to result in a range of
environmental benefits, the extent of such benefits are unclear. In addition, some of the
management practices used to sequester soil carbon have the potential to cause adverse
environmental effects, which currently do not appear to be well understood.
Accordingly, the Committee recommends that:
RECOMMENDATION 5.9
The Department of Primary Industries conduct research that quantifies the extent of the
environmental benefits and adverse effects of soil carbon sequestration in Victoria, including in
relation to different management practices used to sequester soil carbon.
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Chapter 6:

Economics of soil carbon
sequestration

Key findings
6.1

There are few studies that have been undertaken in Australia or Victoria on the
economics of soil carbon sequestration. Most studies have occurred overseas.

6.2

The lack of economic studies in Victoria means that there is significant uncertainty in
relation to:
•

the economic costs and benefits associated with a land manager or farmer adopting
land uses and management practices that sequester soil carbon; and

•

the quantity of carbon that would be economically feasible to sequester in Victorian
soils across different regions and under various carbon prices.

6.3

There is a range of potential economic costs to a land manager or farmer of adopting land
uses and management practices to sequester soil carbon. For example, transaction costs
may be associated with meeting the requirements of offset principles. The offset principle
of permanence may reduce the amount of carbon credits that can be sold by a farmer by
requiring buffers to be established, which do not generate credits. It is difficult for farmers
to predict the overall economic costs and benefits of soil carbon sequestration. Such
uncertainty is likely to be a significant barrier to the adoption of soil carbon sequestration
activities in Victoria.

6.4

Many witnesses argued that the economic costs of adopting land uses and management
practices to sequester soil carbon may outweigh the economic benefits in many cases.

6.5

A number of witnesses advised that a carbon market, which results in a price on carbon,
would provide an economic opportunity to invest in natural resource management and
repair degraded landscapes in Victoria.

6.1

Introduction

The Committee was advised that very few studies have been undertaken in Australia or Victoria on
the economics of soil carbon sequestration.480 Associate Professor Bill Malcolm, School of Land and
Environment, University of Melbourne, stated in evidence to the Committee:
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… I have hardly seen any sound economics about soil carbon in the literature or popular
press…In the [United States]… there has been some major work going on since about
2000, which has not happened in Australia.481

The economics of soil carbon sequestration can be considered from two perspectives, and this
chapter discusses issues associated with both:
•

the land managers’ and farmers’ perspective – what are the financial costs and benefits of
adopting land uses and management practices used to sequester soil carbon?; and

•

the government’s perspective – what are the financial costs and benefits of encouraging land
managers and farmers to adopt soil sequestration activities, and is this strategy cost-competitive
with other strategies to mitigate climate change?

Farms are businesses and farmers will generally only adopt land uses and management practices to
sequester soil carbon if those activities are profitable.482 There is a range of potential economic costs
to a farmer of adopting soil sequestration activities. In some cases, these activities are profitable and
have other agricultural benefits and will usually be adopted by farmers without incentives. In other
cases, these activities may cost a farmer due to a reduction in income or other costs, and in these
cases, incentives will be required to encourage adoption.483
Importantly, a range of factors other than the economic costs associated with soil carbon
sequestration are likely to influence land managers’ and farmers’ decisions to adopt management
practices, including:
•

attitudes towards, and perceptions of, risk and uncertainty;

•

financial constraints, particularly for smaller farms; and

•

social factors, such as age, education, and management experience.484

These additional influences mean that the level of incentive to encourage farmers to sequester soil
carbon has to be at least equivalent to the economic costs.485
Witnesses highlighted the significant uncertainty that exists amongst farmers in relation to the
economic costs of adopting specific soil carbon sequestration activities. 486 Furthermore, there is
significant uncertainty about the level of incentives that will be provided by carbon markets for soil
carbon sequestration in Victoria. This is discussed in chapter seven.
This chapter responds to terms of reference (d) of the inquiry that requires the Committee to identify
the costs of soil carbon sequestration.
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6.2

Potential economic costs of soil carbon sequestration

There are many potential economic costs to a farmer of adopting land uses and management
practices to sequester soil carbon. The costs of soil carbon sequestration are usually discussed in
terms of ‘opportunity costs’ – the cost of adopting one option relative to other potential options.487
Potential economic costs associated with soil carbon sequestration include:
•

reductions in farm incomes (for example, due to a reduction in agricultural productivity);

•

establishment costs (for example, due to the need for new equipment, etc);

•

operating costs (for example, due to a greater use of fertilisers or herbicides, etc);

•

transaction costs (these are costs associated with any requirements for measurement,
monitoring and compliance reporting); and

•

costs associated with economic risks (for example, financial liabilities due to carbon accounting
rules).488

There is currently significant uncertainty about many of these economic costs in Australia, 489
particularly, as noted in chapter five, in relation to the effect of specific land uses and management
practices used to sequester soil carbon on agricultural productivity, which affects farm incomes.
In evidence to the Committee, Professor Annette Cowie, Director, National Centre for Rural
Greenhouse Gas Research, University of New England, stated that the uncertainty amongst farmers
about the overall economic costs and benefits, particularly in relation to potential reductions in farm
incomes, is a significant barrier to the widespread adoption of soil carbon sequestration activities.490
The economic costs of soil carbon sequestration will differ between land uses and management
practices used to sequester soil carbon. For example, no-till practices may reduce overall costs by
reducing fuel use for tillage, while a management practice that requires a greater use of fertilisers
may increase overall costs. The costs of land use changes are often higher than the costs of
management practices because land use changes often affect farm incomes to a greater extent.491
Furthermore, witnesses argued that the economic costs of adopting land uses and management
practices will depend on a range of site or situation-specific factors and will need to be determined
by farmers on a case-by-case basis. For example, Associate Professor Malcolm advised that:
Ultimately [the decision to sequester soil carbon] … comes down to a farmer looking at their
farm system, looking at a paddock, making a decision at a paddock level about what they
might or might not do. That is ultimately how the … decision is made.492
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Associate Professor Malcolm added that:
I do not believe you can generalise [in relation to the economic costs of soil carbon
sequestration]. Every farm is different, every farmer is different, every farm system is different.
You would need to do the sums for every farm system.493

Similarly, the Victorian Farmers Federation stated that the economic costs of soil carbon
sequestration will depend on a range of factors, many of which are site or situation-specific,
including: the particular characteristics of a farm; seasonal conditions; the management expertise of
the farmer; market conditions; soil types; and the level of industry support.494
Many witnesses argued that the transaction costs of soil carbon sequestration are potentially
significant because measurement of soil carbon sequestration is difficult and expensive over large
areas. 495 The transaction costs will depend on the carbon accounting rules established under a
carbon trading scheme or established under alternative incentive mechanisms.
Additional transaction costs may be associated with meeting the requirements of the offset
principles. As noted in chapter three, a soil carbon sequestration project is likely to be required to
meet a range of offset principles, which may reduce the amount of carbon sequestered that is
eligible for incentive payments.496 For example, under a carbon trading scheme:
•

the principle of additionality may reduce the amount of carbon credits that can be sold by the
estimated proportion of credits that are non-additional; and

•

the principle of permanence may reduce the amount of carbon credits that can be sold by
requiring buffers to be established - areas that sequester carbon but do not generate credits.

Many witnesses also raised concerns with the Committee in relation to the potential economic risks
associated with soil carbon sequestration. Soil carbon is difficult to sequester and may be easily
released to the atmosphere when land uses or management practices change. As such, a significant
risk may arise if farmers enter into contracts to sell soil carbon credits that make them financially
liable for any losses of carbon that occur, including due to a natural event such as a drought or fire.
Mr Robert Ruwoldt, Founding Member, Victorian No-Till Farmers Association, stated in evidence to
the Committee:
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Thirty years ago when I started farming we had very low … carbon levels…. we built [these
up by implementing no-till practices]…We thought ‘Great, we are there!’. Now [soil carbon
levels are]… going down again. If we were in a carbon trading scheme, I would have been
getting paid for that first 15 years, and in the last 10 years I would be writing out cheques.497

A related issue raised by many witnesses is that a carbon trading scheme or an alternative incentive
mechanism may reduce the ability of farmers to manage farms in response to market conditions.498
In its submission, the Victorian Government stated that some dairy farmers are increasing the use of
annual pastures over perennial pastures for economic reasons in response to changes in the
climate. This lowers soil carbon levels and thus may expose farmers to a potential financial
liability.499
Similarly, Mr Peter Cosier, Director, Wentworth Group of Concerned Scientists, advised the
Committee that:
We know that the [Australian Government] Treasury modelling shows that carbon prices are
likely to increase around 4 per cent per annum compounding over the next 40 years, so if
you are selling carbon [credits] at $20 and in 5 or 10 years time you want to change your
[management] practices back, you might have to buy [carbon credits] at $70. I think a lot of
farmers will be quite risk averse to entering that market at this stage unless there are
demonstrable win-win outcomes for them.500

Dr Jeff Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, stated:
… does [soil carbon sequestration] … decrease [a farmer’s] flexibility to adopt different
rotations or different strategies when the external market all of a sudden shifts and wheat
prices go through the roof? Are farmers going to have the opportunity to be able to shift?
They will have one more thing that they will have to account for, and that is the implication of
shifting their management … on … soil carbon [levels] and any liabilities that they may have
encumbered … in terms of trading on the market…501

Many witnesses also raised concerns about the potential for a carbon trading scheme or alternative
incentive mechanism to unfairly disadvantage some farmers.502 Because degraded soils generally
have the potential to sequester larger amounts of carbon than healthy soils, which are already high
in carbon, farmers who have improved their soils may not benefit from an incentive mechanism.
Ms Vanessa Greiger, Executive Officer, Victorian No-Till Farmers Association, stated in evidence to
the Committee:
497
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… we would hate to get into a system where it is going to reward those farmers who have
not taken [the] initiative 20 years ago to start to improve their soils but penalise [those
farmers] who did take that initiative…, and [who] have really healthy soils…503

However, Professor Cowie highlighted to the Committee that the significance of this issue would
depend on the design of the incentive mechanism. Professor Cowie stated that a mechanism that
rewards farmers on the basis of adopting certain management practices rather than measured
increases in soil carbon would reward all farmers undertaking the management practice equally, and
would not disadvantage farmers who have already improved the health of their soils.504
A number of submissions identified an additional potential cost of soil carbon sequestration – the
cost associated with the value of the nutrients needed to store soil carbon in a stable form such as
humus. This is discussed below.
Costs associated with nutrients contained in humus505
Considerable amounts of nitrogen (N), phosphorous (P) and sulphur (S) are required to create
humus, which is one of the stable forms of soil carbon. Humus will not form in the soil unless these
other nutrients are available in adequate amounts, along with carbon.
In general, humus comprises N, P and S in ratios with carbon of approximately 10:1, 50:1, and 65:1
respectively (that is, for every kilogram of carbon, humus contains 100 grams of nitrogen).
However, the ratios of N, P and S in cereal crops are much higher, which means that in order for
cereal crop residues to form humus, N, P and S are required to be added to the soil. If this does not
occur, most of the carbon contained in the residues is released into the atmosphere.
As humus contains about 60 per cent carbon, one tonne of humus contains about 600 kilograms of
carbon, 60 kilograms of N, 12 kilograms of P and 9 kilograms of S. These amounts of nutrients have
to be locked up in the humus in order for the carbon to remain stored in the humus.
The value of these amounts of nutrients stored in one tonne of humus is approximately $200. In
contrast, the 600 kilograms of carbon stored in the humus equates to approximately 2.2 tonnes of
carbon dioxide equivalent sequestered – at a carbon price of $50 per tonne of carbon dioxide
equivalent, the value of the carbon stored in the humus is $110.
Associate Professor Malcolm discussed the implications of this issue in terms of costs in evidence
to the Committee:
So [in sequestering soil carbon in the form of humus] you are locking away a lot of
nutrients, which have a value, because they are not going to be used to grow your crop.
They have been locked away to hold the carbon there. There is quite a cost there, which
is much bigger than I could imagine the soil carbon being worth.506
However, Professor Cowie, stated that while this issue needs to be considered by farmers in
deciding whether to sequester soil carbon, it also has benefits:
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[The point that considerable amounts of nutrients are required to create humus] … is
basically stating a fact: that if you are building soil carbon, what you are actually doing is
building organic matter, and organic matter is not just carbon; organic matter is made up
of those range of nutrients. Yes, it does mean that more of those nutrients are going to be
stored in the soil and they will have to come from somewhere. But basically what you are
doing is building the store of organic matter that can participate in nutrient cycling. To me
this is not actually a major problem. It is building your capital; it is building your reserve; it
is building the resilience of your system. It might mean that you have to use more
phosphate fertiliser in the short-term to build up that capital, but what you are doing…is
building your system. You do not have to build nitrogen [by using nitrogen fertilisers]. You
can build nitrogen through building legumes into your system …507
Professor Alex McBratney, Director, Australian Centre for Precision Agriculture, University of
Sydney agreed that building nitrogen using legumes is likely to be more economically efficient than
using nitrogen fertilisers, but argued that the legumes that are used need to be water-efficient to
avoid impacts on crop production levels.508
Source:

Australian Government, Grains Research and Development Corporation, Passioura et al., Ground Cover Issue
76, The hidden costs of carbon sequestration, September-October 2008, p.1; Victorian Government,
submission no.34, pp.22–23

Many witnesses argued that the economic costs of adopting land uses and management practices to
sequester soil carbon will be substantial and may outweigh the financial benefits in many cases.509 In
evidence to the Committee, Associate Professor Malcolm, identified a range of factors that a farmer
should consider in determining the economic costs of sequestering soil carbon, including:
•

the likely carbon price;

•

the discount rate (the rate at which money obtained in the future is reduced in value to enable
comparison with its present value);

•

risks factors, such as a drought or fire, which may reduce the amount of credits that can be sold;

•

impacts on production levels and incomes; and

•

the liquidity of the investment (the ability to turn an investment into cash).510

507

Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.222
Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of Soil
Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.231
Associate Professor B Malcolm, Melbourne School of Land and Environment, Department of Agriculture and Food
Systems, University of Melbourne, Environment and Natural Resources Committee public hearing – Melbourne,
12 April 2010, transcript of evidence, p.163; Mr C Watts, Regional Projects Manager, The Climate Institute,
Environment and Natural Resources Committee public hearing – Melbourne, 15 March 2010, transcript of
evidence, p.59; Dr W Mason, Program Manager, Climate Change, Dairy Victoria, Environment and Natural
Resources Committee public hearing – Melbourne, 12 April 2010, transcript of evidence, p.140
Associate Professor B Malcolm, Melbourne School of Land and Environment, Department of Agriculture and Food
Systems, University of Melbourne, Environment and Natural Resources Committee public hearing – Melbourne,
12 April 2010, transcript of evidence, p.163

508

509

510

121

Inquiry into Soil Carbon Sequestration in Victoria

Associate Professor Malcolm concluded in evidence to the Committee that, while soil carbon
sequestration may initially look economically attractive to farmers in Victoria, in reality it is likely to be
much less attractive once the above factors are taken into account, particularly for cropping soils in
Victoria: ‘…it is really hard to throw your hat in the air and say, ‘This is going to be a big deal’’.511
However, Associate Professor Malcolm added that ‘…in some paddocks, with some [farmers], with
some sets of goals, [soil carbon sequestration] could make [economic] sense’.512
Mr Corey Watts, Regional Projects Manager, The Climate Institute, also advised that the economic
costs of soil carbon sequestration are likely to outweigh the benefits to farmers in Victoria unless
there is a high carbon price:
The level of investment needed to build up and maintain significant stores of carbon in the
soil will vary across the landscape and across businesses through time, but I think it is likely
to be large for most Victorian farmers. The work that I have seen suggests that to build up
an appreciable amount of soil carbon, carbon prices need to be quite high, and the reasons
for that are opportunity costs but also the costs of putting in those extra nutrients. I think that
is a significant barrier, but I do not think it [is a barrier for all farmers].513

In its submission to the inquiry, Gipps Dairy argued that soil carbon sequestration on dairy farms in
Australia is unlikely be profitable in most cases. Gipps Dairy provided calculations in its submission,
which suggest that a carbon price of over $200 per tonne of carbon dioxide equivalent would be
required to make soil carbon sequestration economically attractive to dairy farmers.514
The calculations are shown in Table 6.1. The table lists three potential uses for one tonne of pasture
produced on a dairy farm and provides an estimate of the economic value of each of those uses.
The table suggests that even at a carbon price of $250 per tonne of carbon dioxide equivalent, it is
more profitable to use one tonne of pasture to feed cows to produce milk than it is to retain the
pasture on the soil and let it decompose for the purposes of sequestering soil carbon.
Table 6.1

Value of different potential uses for one tonne of pasture

Potential uses for pasture

Value of uses of pasture

Produce hay bales

$150

Feed cows to produce milk

$260

Retain on soil and let decompose in order
to sequester soil carbon*

$21 at a carbon price of $25 per tonne of carbon dioxide equivalent
$206 at a carbon price of $250 per tonne of carbon dioxide equivalent

*

This assumes that one tonne of pasture (dry weight) contains 45 per cent carbon, of which 50 per cent decomposes to create
0.23 tonnes of soil carbon. One tonne of soil carbon = 3.67 tonnes of carbon dioxide equivalent. The submission from Gipps Dairy
also noted that the cost of fertiliser to produce one tonne of carbon has to be taken into account when calculating the costs and
benefits of the scenarios outlined in the table

Source:
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In evidence to the Committee, Dr Warren Mason, Program Manager, Climate Change, Dairy
Australia, discussed the Gipps Dairy calculations and explained why soil carbon sequestration is
unlikely to be economically attractive to dairy farmers:
… well-managed dairy pastures are generally close to their carbon limit… these farms are
highly fertilised [and] often irrigated. In fact dairy farming is pasture farming. That is where
you make the money in dairy farming: producing lots of pasture… That is the main game.
Given that, additional carbon inputs [to the soil] are relatively unlikely. The only way we can
see that you can make those additional inputs is if you have the cows eat less of that
pasture so that it decays and joins the soil… When you do the sums on that you can make
$200 to $300 by feeding a tonne of pasture to a dairy herd, and that is way beyond any wild
estimates around the likely [carbon] price. So [in sequestering soil carbon] you are
competing with a high-value use of the pasture…515

The Committee is of the view that it is difficult for farmers to predict the overall economic costs and
benefits of adopting particular land uses and management practices to sequester soil carbon. This is
due to the wide range of potential costs faced by farmers, the current uncertainty about the extent of
these costs, and the influence of a range of site or situation-specific factors on costs. The Committee
concludes that such uncertainty is likely to be a significant barrier to the adoption of soil carbon
sequestration activities in Victoria.
The Committee understands that a decision-making tool – FarmGAS – has been developed to assist
farmers nationally to understand the overall greenhouse gas and financial implications of farm
management decisions.516 However, the current version of FarmGAS does not address soil carbon
sequestration. Furthermore, the Committee understands that a new version, which is currently being
developed by Meat and Livestock Australia, may also not address soil carbon sequestration
including the financial implications of adopting soil carbon sequestration activities.517

6.3

Studies on the economics of soil carbon sequestration

6.3.1

Overseas studies

The economic studies undertaken overseas to date have largely focused on the economics of soil
carbon sequestration from a government perspective, including:
•

the economic potential of soil carbon sequestration across different regions; 518 and

•

the cost-effectiveness of alternative designs for incentive mechanisms that can be used to
encourage farmers to adopt land uses and management practices to sequester soil carbon.
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These studies determine the economic potential by estimating the opportunity costs of adopting land
uses or management practices and assuming that farmers will adopt these activities if the financial
benefits received (for example, due to a price on carbon) are greater than the costs.519
However, a range of factors other than economic costs influence land managers’ and farmers’
decisions to adopt land uses or management practices, which means that studies on economic
potential often overestimate the quantity of soil carbon that will be sequestered.520
The economic studies undertaken in the United States investigated the impacts of a range of carbon
prices on the economic potential of soil carbon sequestration across a narrow range of land uses
and management practices, including the establishment of forests on degraded land, eliminating
fallows,521 the conversion of crop land to grassland and no-till practices.522
The studies varied significantly in their estimates of the quantity of carbon that would be sequestered
in soils, at any given carbon price. For example, at a carbon price of $US50 per tonne of carbon, one
study predicted that 10 million tonnes of carbon would be stored in soils in the United States each
year, while another study predicted that 70 million tonnes of carbon would be stored.523
The studies highlighted a number of key issues that are relevant to the economics of soil carbon
sequestration in Victoria:524
•

the carbon price significantly influences the economic potential of soil carbon sequestration,525
the land uses and management practices that are used to sequester soil carbon, and the areas
or regions where most sequestration will occur;

•

the costs of soil carbon sequestration vary greatly between and within regions due to a range of
factors, including differences in relation to:
− the amount of soil carbon that can be sequestered, which depends on factors including
rainfall, temperature and soil types;
− the amounts of agricultural land available for soil carbon sequestration;
− the land uses and management practices that are suitable for a region or local area;
− the costs of changing land uses and management practices due to differences in profitability
and capital costs (the costs of land, buildings, equipment, etc);
− the socio-economic status of farmers;

•

the costs of soil carbon sequestration vary between different land uses and management
practices and crop types due to differences in production costs; and

•

the costs to governments of incentives to encourage adoption of sequestration activities
decrease where payments are based on the amount of carbon sequestered per tonne rather
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than the number of hectares on which management practices are adopted. The costs of
incentives increase where payments are made to all farmers who adopt a sequestration activity
rather than only those farmers who adopt an activity due to the incentive.
Importantly, the studies in the United States also suggested that incentive payments made to
farmers to adopt sequestration activities that also include a payment for co-benefits that result from
these activities (for example, biodiversity benefits from establishing forests), result in different
patterns of adoption across a region compared with payments made to farmers only for soil carbon
sequestration. However, the studies stated that it is very difficult to assign a monetary value to such
co-benefits.526

6.3.2

Australian studies

A recent study funded by the International Energy Agency and conducted by Australian and US
scientists 527 – the first of its kind across south eastern Australia – investigated the impacts of a
range of carbon prices on the economic potential of soil carbon sequestration across six agroecological zones over a 20 year period. These zones cover the Wimmera, the high rainfall Gippsland
regions and the Mallee. The management practices investigated in the study were no-till practices
and minimum till practices in cropping and crop and pasture rotations.
Importantly, the study took into account changes in emissions of the greenhouse gases nitrous oxide
and methane from the soil due to the adoption of the management practices (for example, the
amount of soil carbon sequestered was discounted if a practice resulted in increased emissions of
nitrous oxide).528
The key findings of the study include:
•

even at a high carbon price of $200 per tonne of carbon, the adoption of no-till and minimum till
practices will result in only a small percentage529 of the theoretical potential of soil carbon
sequestration being achieved across south eastern Australia over a 20 year period.530 This
suggests that, even at a high carbon price, the adoption of no-till and minimum till practices is
not profitable for many farmers in many cases;

•

across the range of carbon prices analysed, the high rainfall zones covering the Wimmera and
Gippsland regions have the potential to sequester the largest amounts of soil carbon of all zones
in south eastern Australia (that is, these regions have the greatest economic potential). The
Mallee region has the lowest economic potential to sequester soil carbon, due to low rainfall;531

•

in the zone covering the Gippsland region, the economic potential of adopting no-till practices is
31 per cent of the theoretical potential at a carbon price of $50 per tonne of carbon, which
increases to 87 per cent at a carbon price of $200 per tonne of carbon; and 532

•

the average costs of adopting no-till practices to sequester soil carbon in south eastern Australia
were lower than the average costs of adopting minimum till practices.533
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In 2010, the Australian Farm Institute (AFI) undertook a preliminary study to determine the impact of
sequestering soil carbon on farm profitability in Australia.534 The study investigated the impacts on
profitability in relation to farms of two sizes535 and in relation to two different carbon prices – a low
price reflecting a voluntary carbon market and a high price reflecting a mandatory carbon market.536
The management practice investigated was the establishment of legume-based improved pastures.
The AFI study found that sequestering soil carbon increased farm profitability under the higher
carbon price. However, profitability was found to fluctuate from year to year and was only higher
after 10 years of adopting the management practice. In contrast, sequestering soil carbon decreased
farm profitability under the lower carbon price. The study concluded that in many cases the potential
financial risks associated with soil carbon sequestration, such as reduced incomes and other costs,
appear to outweigh the financial benefits, particularly under a voluntary carbon market.537
Studies have recently been undertaken to determine the economic value of biochar, as described in
the box below.
The economic value of biochar
In evidence to the Committee, Dr Lukas Van Zwieten, Principal Research Scientist, NSW
Department of Primary Industries (DPI) discussed a number of economic studies undertaken by the
NSW DPI to determine the economic value of biochar.538
The studies assessed the economic value of different biochars in terms of:
• the value of the nutrients (for example, nitrogen, phosphorous, etc) contained in the biochars.
The nutrient value of biochar made from poultry litter was estimated to be $291 per tonne,
while the value of biochar made from greenwaste was estimated to be $12 per tonne.539 These
values assume that all of the nutrients associated with the biochar are available for plant
uptake;
• the value of the carbon sequestered in the biochars under a carbon trading scheme. Assuming a
price on carbon of $30 per tonne of carbon dioxide equivalent, the carbon value of biochar
made from poultry litter was estimated to be $38 per tonne, while the value of biochar made
from green waste was estimated to be $73 per tonne; and540
• the value of the biochar as a result of increased crop yields.
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The value as a result of increased crop yields was estimated based on trials undertaken in north
eastern NSW between 2007 to 2009 using biochars made from poultry litter and papermill waste.
The biochars were applied to a crop rotation of sweet corn and faba beans, and yields were
compared with other soil treatments (lime and composts) and standard practice (fertiliser only).
The table below compares the overall economic benefit as a result of increased crop yields from
using poultry litter biochar compared with standard practice.
The table illustrates that the overall economic benefit to a farmer of using poultry litter biochar after
three crop rotations of sweet corn and faba beans is $2,480 per tonne of biochar per hectare.

Results of economic analysis comparing poultry litter biochar to standard practice
Economic value
of increased
production

Extra costs
associated with
increased production

Overall
Increased value
of production

Cost of
biochar
application

Corn harvested in 2008

$3,886/ha

$1,651/ha

$2,235/ha

$3,250/ha

Faba bean harvested in
2008

$815/ha

$87/ha

$727/ha

$3,250/ha

Corn harvested in 2009

$4,815/ha

$2,046/ha

$2,769/ha

$3,250/ha

Overall economic benefit
after three crop rotations

$2,480/ha

Importantly, the results of the studies outlined in the box are specific to the climate, soil types, crop
types and biochars of the trials541 and the results are likely to be different under the climates and soil
types in Victoria. The Committee is not aware of any similar economic studies undertaken on biochar
in Victoria.
However, the Northern Poultry Cluster advised the Committee that it plans in the near future to
quantify any reductions in fertiliser use resulting from the use of biochar under broadacre cropping
as part of its biochar trials in Victoria. 542 Any such reductions may have economic benefits for
farmers.
The Committee believes that due to the lack of economic studies in Victoria there is currently
significant uncertainty and several key knowledge gaps in relation to the economics of soil carbon
sequestration. These knowledge gaps include:
•

the quantity of carbon that is economically feasible to sequester in soils (that is, the economic
potential) in Victoria across different regions and a range of carbon prices;

•

the economic costs of different land uses and management practices used to sequester soil
carbon across different regions in Victoria and a range of carbon prices; and

•

the cost-effectiveness of alternative designs of incentive mechanisms that can be used to
encourage farmers to adopt land uses and management practices to sequester soil carbon.

The Committee believes that addressing such gaps is vital to understanding the role and potential of
soil carbon in Victoria as a strategy to mitigate climate change and would enable a number of other
important questions to be answered, including:
541
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•

what is the most cost-effective mix of land uses and management practices that will achieve a
targeted level of soil carbon sequestration in Victoria?

•

what land uses and management practices could be adopted to sequester soil carbon across
different regions in Victoria at a range of carbon prices? In turn, this would enable the potential
adverse effects and co-benefits of adopting these activities to be predicted; and

•

how should incentive mechanisms be designed to minimise the costs to government of
encouraging land managers and farmers to adopt land uses and management practices to
sequester soil carbon?

The Committee also noted that previous economic studies have identified the need for future studies
to investigate the economics of a broader range of land uses and management practices used to
sequester soil carbon and to include transaction costs in the economic analyses, which are likely to
be substantial in relation to soil carbon sequestration.543 There is also a need for studies to take into
account any changes in emissions of the greenhouse gases nitrous oxide and methane from the soil
due to the adoption of the management practices, as noted in chapter five.544
Accordingly, the Committee recommends that:
RECOMMENDATION 6.1
The Department of Primary Industries conduct economic studies on soil carbon sequestration in
Victoria in order to determine:
(a) the economic potential of soil carbon sequestration across different regions and a range of
carbon prices;
(b) the economic costs of different land uses and management practices, including the
application of biochar, across different regions and a range of carbon prices; and
(c) the cost-effectiveness of alternative incentive mechanisms.
These economic studies should be undertaken across a broad range of land uses and
management practices, soil types and crop types. These studies should also take into account
transaction costs and any changes in emissions of the greenhouse gases nitrous oxide and
methane from the soil due to the adoption of land uses and management practices.

6.4

Economic opportunities provided by a carbon market

A number of witnesses argued that a carbon market, which results in a price on carbon, would
provide a significant economic opportunity to generate investment in natural resource management
and repair degraded landscapes in Victoria. This opportunity arises because a carbon market may
allow farmers to create carbon credits by developing offsets, such as through the establishment of
forests or soil carbon sequestration projects, which may have co-benefits, such as improvements to
soil health, water quality and biodiversity.
543
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For example, Mr Peter Cosier, Director of the Wentworth Group, argued in evidence to the
Committee:
Carbon economics of the 21st century presents our generation with the opportunity to not
only stabilise the world’s climate system but to also create an economic system that will
conserve the world’s biodiversity. CSIRO has assessed the biophysical potential of the
Australian landscape to store carbon. If we were to capture just 15 per cent of this
biophysical capacity … this represents a gross investment potential of between $50 million
and $100 million on average for every NRM region across Australia every year for 40 years.
Whilst there will be many issues affecting whether this potential is converted into reality, the
implications are that a price on carbon presents an economic opportunity of almost
unimaginable scale to pay our farmers and other land managers to help us fix the raft of
environmental challenges facing Australia.545

In evidence to the Committee, Mr Ron Dodds, Western Victoria Regional Manager, Greening
Australia also stated that a price on carbon has the potential to act as a significant driver for
improvements to landscape health, particularly through the establishment of biodiverse forests.546
The Committee agrees that soil carbon sequestration may provide an economic opportunity to
generate investment in natural resource management and repair degraded landscapes in Victoria.
Accordingly, the Committee recommends:
RECOMMENDATION 6.2
The Victorian Government investigate the potential of soil carbon sequestration as an economic
opportunity to generate investment in natural resource management and repair degraded
landscapes.

545
546

Mr P Cosier, Director and Member, Wentworth Group of Concerned Scientists, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, pp.243–244
Mr R Dodds, Western Victoria Regional Manager, Greening Australia, Environment and Natural Resources
Committee public hearing - Hamilton, 30 March 2010, transcript of evidence, p.125
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Key findings
7.1

There is a wide range of policy options available to encourage land managers and farmers
to adopt land uses and management practices to sequester soil carbon.

7.2

Incentives will be required to encourage the widespread adoption of land uses and
management practices to sequester soil carbon. Nevertheless, some management
practices that sequester soil carbon are being implemented without incentives because of
the associated agricultural benefits.

7.3

The level of incentives that will be provided by carbon markets for soil carbon
sequestration in Australia and Victoria is uncertain. A voluntary carbon market, in
isolation, is unlikely to provide sufficient incentive to result in the widespread adoption of
land uses and management practices to sequester soil carbon.

7.4

Due to the significant scientific and economic uncertainties associated with soil carbon
sequestration, a cautious and conservative approach should be taken in establishing
incentive mechanisms to encourage soil carbon sequestration in Victoria.

7.5

Education and extension programs are an appropriate and important mechanism for
encouraging the adoption of land uses and management practices to sequester soil
carbon.

7.6

Education and extension programs are best provided through regional or local bodies and
farmer-to-farmer communication processes as well as on-farm demonstration sites.

7.1

Introduction

The evidence received by the Committee suggests that there is significant interest amongst farmers
in trialling and adopting soil carbon sequestration activities. Much of this interest relates to the
potential agricultural benefits of soil carbon sequestration. This is supported by a 2006 survey of
over 1,500 Victorian farmers across various agricultural sectors undertaken on behalf of the
Department of Primary Industries (DPI). The survey found that 57 per cent of farmers had changed
their soil management practices to increase soil carbon levels, while 54 per cent plan to change their
soil management practices within the next four years.547

547

Department of Primary Industries, Understanding farmer knowledge and attitudes to climate change, climate
variability, and greenhouse gas emissions, 2009, pp.13, 74, 78
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However, many farmers are cautious about participating in a carbon trading scheme or alternative
incentive mechanism to encourage the adoption of soil carbon sequestration activities due to
significant scientific and economic uncertainties.
Many witnesses highlighted to the Committee the willingness of Victorian and Australian farmers to
trial new practices that may increase agricultural productivity, soil health and achieve other
environmental benefits. 548 For example, Professor Alex McBratney, Director, Centre for Precision
Agriculture, University of Sydney, stated in evidence to the Committee:
I will say this about Australian agriculture: because it is a low subsidy industry and
Australian agriculture works in a competitive market, Australian farmers are probably the
best uptakers of research and technology in the world.549

However, other witnesses highlighted several of the barriers to adoption faced by some farmers. For
example, Mr Peter Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management
Authority, stated in evidence to the Committee:
We do a lot of work persuading farmers to adopt best practice in terms of sustainable
agriculture. What we find in many cases is that … after years of drought and low prices for
agricultural products … you have got large numbers of people who are basically bankrupt
except for the non-farm income that they bring in. Many farmers are approaching or are over
the retiring age and with no possibility of the next generation taking over the farm. Talking to
either of those two groups in terms of innovation or change of practice is not a very
profitable enterprise, because they are focused on survival.550

This chapter discusses a range of policy options that could be used to encourage the adoption of
land uses and management practices to sequester soil carbon in Victoria, whether in order to
improve soil health or to receive payments under an incentive mechanism.
This chapter responds to terms of reference (h) of the inquiry that requires the Committee to explore
options for the Victorian Government to support the benefits (if any) of soil carbon sequestration.

548

549

550
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Mr P Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management Authority, Environment and
Natural Resources Committee public hearing – Hamilton, 30 March 2010, transcript of evidence, p.111; Ms
M McKay, Coordinator, Bass Coast Landcare Network, Environment and Natural Resources Committee public
hearing – Traralgon, 19 April 2010, transcript of evidence, p.186; Professor A McBratney, Director, Australian
Centre for Precision Agriculture, and Pro-Dean and Professor of Soil Science, Faculty of Agriculture, Food and
Natural Resources, University of Sydney, Environment and Natural Resources Committee public hearing – Sydney,
10 May 2010, transcript of evidence, p.233
Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of Soil
Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.233
Mr P Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management Authority, Environment and
Natural Resources Committee public hearing – Hamilton, 30 March 2010, transcript of evidence, p.113
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7.2

Policy options to encourage soil carbon sequestration

There is a wide range of policy options available to encourage land managers and farmers to adopt
land uses and management practices to sequester soil carbon. The key categories of policy options
are identified in Table 7.1. The table has been adapted from a report on policy options for
sequestration in vegetation and soils on agricultural land in the United States, prepared by policy
experts on behalf of the Pew Centre on Global Climate Change.551
The policy options are arranged in order of decreasing government involvement in, and increasing
private sector control over, the sequestration process.

551

Richards et al., Agricultural & forestlands: US carbon policy strategies, 2006, pp.29–61. The Pew Centre on Global
Climate Change is a non-government organisation based in the United States which aims to provide credible
information and innovative solutions to address climate change
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Table 7.1
Policy option category

Key categories of policy options for encouraging soil carbon sequestration
Description

Measurement and
monitoring

Financial burden

Examples

Comments

Government ownership

Government uses its
agencies and/or public land
to increase soil carbon
sequestration or reduce soil
carbon ‘loss’

Program evaluation post
implementation

Government/ taxpayer

Victorian Government’s
LandCarbon program552
Climate Change Bill553
Education and extension
programs

Potential resistance to
government acquisition of
new public land

Regulation

Compliance with
regulations, with penalties
for non-compliance

Compliance inspection

Private sector

Mandatory use (for
example, minimum till) or
banning (for example,
stubble burning) of
specified management
practices

Likely resistance amongst
farmers

Practice-based incentives* –
contracts or subsidies

Contract – Payment for
adoption of management
practices across specified
number of hectares
Subsidy – Offer of payment
or tax benefit in dollars per
hectare to any participating
landowners that adopt
specified management
practices

Inspection for adoption
of practice over required
number of hectares

Government/ taxpayer

Competitive tender-based
programs administered by
the Victorian Government
and Catchment
Management Authorities
(For example, the
Victorian Government’s
ecoTender program

Greater government
involvement and less
measurement and monitoring
challenges compared with
results-based incentives

Practice-based disincentives – tax

A tax in dollars per hectare
on specified management
practices that decrease soil
carbon sequestration

Inspection for use of
practices that decrease
soil carbon
sequestration

Private sector

Tax on the use of
specified management
practices (for example,
stubble burning)

Likely resistance amongst
farmers

Continued…
552
553
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Policy option category

Description

Measurement and
monitoring

Practice-based incentives – credits

Award of credits per hectare
for adoption of specified
management practices

Inspection for adoption
of practice over required
number of hectares

Depends on scheme
design

A carbon market
established by a
mandatory or voluntary
carbon trading scheme
(for example, the Chicago
Climate Exchange)

Entails potential risks to
farmers (for example,
financial liabilities) depending
on the rules of the scheme
Significant measurement and
monitoring challenges

Results-based incentives* –
contracts or subsidies

Contract – payment for a
negotiated amount of soil
carbon sequestration
Subsidy – offer of payment
or tax benefit in dollars per
tonne of carbon
sequestered to any
participating landowner

Estimation of amount of
soil carbon sequestered

Government/ taxpayer

Competitive tender-based
programs administered by
the Victorian Government
and Catchment
Management Authorities

Less government
involvement and greater
measurement and monitoring
challenges compared with
practice-based incentives

Results-based disincentives – tax

A tax in dollars per tonne on
decreases in soil carbon
sequestration

Estimation of amount of
soil carbon released

Private sector

Tax on the amount of soil
carbon lost due to
specified management
practices (for example,
stubble burning)

Likely resistance amongst
farmers

Results-based incentives – credits

Award of credits per tonne
of soil carbon sequestered

Estimation of amount of
soil carbon sequestered

Depends on scheme
design

A carbon market
established by a
mandatory or voluntary
carbon trading scheme

Entails potential risks to
farmers (for example,
financial liabilities) depending
on the rules of the scheme
Significant measurement and
monitoring challenges

Source:

Financial burden

Examples

Comments

Adapted from Richards et al., Agriculture and forestlands: US carbon policy strategies, 2006, p.58. *Under practice-based incentives, payments or the award of credits are made on the basis of
adopting specified management practices across a given area. Under results-based incentives, payments or the award of credits are made on the basis of the amount of carbon sequestered over a
given period of time
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A range of policy options to encourage the adoption of land uses and management practices to
sequester soil carbon were highlighted by witnesses and in submissions, including:
•

provide incentives to encourage adoption of land uses and management practices that
sequester soil carbon through mechanisms such as a carbon market,554 government programs
such as competitive tender-based programs administered by Catchment Management
Authorities (CMAs),555 tax breaks,556 rate rebates557 and government provision of zero interest
loans;558

•

fund and provide research support to on-farm demonstration sites for soil carbon sequestration
to examine a range of issues such as affects on agricultural productivity and economic costs;559

•

provide information on the scientific, policy and economic aspects of soil carbon sequestration
through education and extension programs;560

•

establish mechanisms to reduce costs and share risks associated with soil carbon sequestration
such as aggregation561 and pooling562 of soil carbon credits and insurance mechanisms;563

•

develop best management practices or guidelines for soil carbon sequestration; and564

554

Mr C Watts, Regional Projects Manager, The Climate Institute, Environment and Natural Resources Committee
public hearing – Melbourne, 15 March 2010, transcript of evidence, p.60
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.217
Mr R Ruwoldt, Environment and Natural Resources Committee public hearing – Horsham, 29 March 2010,
transcript of evidence, p.98; Ms I Millar, Senior Associate, Baker and McKenzie, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.213; Professor A Cowie,
Director, National Centre for Rural Greenhouse Gas Research, University of New England, Environment and
Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.218
Mr D Dore, Executive Member, Goulburn Broken Catchment Landcare Network (Gecko ClaN), Environment and
Natural Resources Committee public hearing – Thoona, 20 April 2010, transcript of evidence, p.205
Hindmarsh Shire Council, submission no.28, p.2
Dr C Jones, Founder, Australian Soil Carbon Accreditation Scheme, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.31; Mr R Ruwoldt, Environment
and Natural Resources Committee public hearing – Horsham, 29 March 2010, transcript of evidence, p.99
Dr J White, Executive Director, Ignite Energy Resources, and National Councillor, Environment Business Australia,
Environment and Natural Resources Committee public hearing – Melbourne, 1 March 2010, transcript of evidence,
p.37; Associate Professor T Patti, Centre for Green Chemistry, Monash University and Dr T Cavagnaro, Lecturer,
School of Biological Sciences, Environment and Natural Resources Committee public hearing – Melbourne,
15 March 2010, transcript of evidence, p.47; Mr A Weidemann, Deputy President, Grains Group, Victorian Farmers
Federation, Environment and Natural Resources Committee public hearing – Horsham, 29 March 2010, transcript
of evidence, p.106; Mr M Wootton, Chair, Glenelg Hopkins Catchment Management Authority and Chair of the
Climate Institute, Environment and Natural Resources Committee public hearing – Hamilton, 30 March 2010,
transcript of evidence, p.115; Mr P Butcher, Chief Executive Officer, Glenelg Hopkins Catchment Management
Authority, Environment and Natural Resources Committee public hearing – Hamilton, 30 March 2010, transcript of
evidence, p.113; West Gippsland Catchment Management Authority submission no.21, p.5
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.218
ibid.
Mr C Watts, Regional Projects Manager, The Climate Institute, Environment and Natural Resources Committee
public hearing – Melbourne, 15 March 2010, transcript of evidence, p.60
Corangamite Catchment Management Authority, submission no.31, p.4; Hindmarsh Shire Council, submission
no.28, p.3
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556

557
558
559

560

561

562
563
564
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•

develop and encourage the use of decision-making tools that predict the agricultural benefits of
adopting land uses and management practices to sequester soil carbon.565

The policy options of incentives, education and extension programs, and mechanisms to reduce
costs and share risks such as aggregation and pooling, are discussed below.
The Committee is of the view that in order to maximise the climate change, agricultural and
environmental benefits of soil carbon sequestration a range of policy options such as those listed
above should be investigated by the Victorian Government, and implemented as appropriate.
Witnesses and submissions also suggested a range of general principles to be considered in
developing policy options to encourage soil carbon sequestration. Ms Jan Mahoney, member,
Victorian Catchment Management Council, argued that policies for soil carbon sequestration should
be closely linked to a broader policy framework that focuses on improving soil health in Victoria.566
Mr Marc Thompson, Chief Executive Officer, Wimmera Catchment Management Authority,
suggested that policies for soil carbon sequestration should be designed to be flexible and adaptable
to policy developments at the national level and should be closely linked to other natural resource
management policies to ensure that environmental co-benefits are maximised.567
A number of witnesses argued that because the potential co-benefits of soil carbon sequestration
are generally localised, regional and local bodies should play a substantial role in policy
development and implementation. 568 Furthermore, witnesses argued that some policies for soil
carbon sequestration should focus on degraded lands569 as these areas provide greater potential to
sequester larger amounts of soil carbon and such an approach would minimise impacts on
agricultural production570 and provide an economic opportunity to repair degraded landscapes.571
The Committee supports these principles and recommends that they be taken into account by the
Victorian Government in developing policy options to encourage soil carbon sequestration.
Furthermore, the Committee supports the Victorian Government’s proposed Soil Health Strategy for
Victoria, which the Committee understands will address soil carbon and set targets and investment
565
566
567
568

569

570

571

Ms M McKay, Coordinator, Bass Coast Landcare Network, Environment and Natural Resources Committee public
hearing – Traralgon, 19 April 2010, transcript of evidence, p.188
Dr J Mahoney, Member, Victorian Catchment Management Council, Environment and Natural Resources
Committee public hearing – Melbourne, 12 April 2010, transcript of evidence, p.145
Mr M Thompson, Chief Executive Officer, Wimmera Catchment Management Authority, Environment and Natural
Resources Committee public hearing – Horsham, 29 March 2010, transcript of evidence, pp.91, 92
Ms I Millar, Senior Associate, Baker and McKenzie, Environment and Natural Resources Committee public hearing
– Sydney, 10 May 2010, transcript of evidence, p.212; Mr P Cosier, Director and Member, Wentworth Group of
Concerned Scientists, Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010,
transcript of evidence, p.248; Glenelg Hopkins Catchment Management Authority, submission no.35, p.5
Dr J Mahoney, Member, Victorian Catchment Management Council, Environment and Natural Resources
Committee public hearing – Melbourne, 12 April 2010, transcript of evidence, p.147; Victorian Catchment
Management Council, submission no.22, p.3; Mr Peter Cosier, p.244
Mr P Cosier, Director and Member, Wentworth Group of Concerned Scientists, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.244; Dr P Wallis, Research
Fellow, Monash Sustainability Institute, Environment and Natural Resources Committee public hearing – Melbourne
15 March 2010, transcript of evidence, p.40; Mr M Thompson, Chief Executive Officer, Wimmera Catchment
Management Authority, Environment and Natural Resources Committee public hearing – Horsham, 29 March 2010,
transcript of evidence, p.91
Mr P Cosier, Director and Member, Wentworth Group of Concerned Scientists, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.244; Victorian Catchment
Management Council, submission no.22, p.3
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priorities for soil health, as noted in chapter two. The Committee believes that this strategy has the
potential to link soil carbon sequestration policies to a broader soil health policy framework and
enhance the co-ordination of government action on soils in Victoria.
Accordingly, the Committee recommends:
RECOMMENDATION 7.1
The Victorian Government should investigate, and implement as appropriate, a range of policy
options to encourage soil carbon sequestration in Victoria, including:
(a) incentive mechanisms;
(b) education and extension programs;
(c) on-farm demonstration sites;
(d) mechanisms to reduce costs and share risks, such as pooling and aggregation;
(e) best management practices; and
(f)

decision-making tools for land managers and farmers.

7.2.1

Incentives

Many witnesses argued that incentives will be required to encourage the widespread adoption of
land uses and management practices to sequester soil carbon.572
However, some management practices that sequester soil carbon are currently being adopted
without incentives because of the associated agricultural benefits. For example, approximately
50 per cent of farmers in Victoria undertake zero tillage practices, and approximately 60 per cent
undertake minimum tillage practices, on at least part of their land.573
The two methods for providing incentives most commonly raised by witnesses were:

572

573
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Dr P Wallis, Research Fellow, Monash Sustainability Institute, Environment and Natural Resources Committee
public hearing – Melbourne 15 March 2010, transcript of evidence, p.41; Professor A Cowie, Director, National
Centre for Rural Greenhouse Gas Research, University of New England, Environment and Natural Resources
Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.219; Dr J White, Executive Director,
Ignite Energy Resources, and National Councillor, Environment Business Australia, Environment and Natural
Resources Committee public hearing – Melbourne, 1 March 2010, p.37; Mr D Dore, Executive Member, Goulburn
Broken Catchment Landcare Network (Gecko ClaN), Environment and Natural Resources Committee public
hearing – Thoona, 20 April 2010, transcript of evidence, p.202; Ms I Millar, Senior Associate, Baker and McKenzie,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.213
Australian Bureau of Statistics, Land management and farming in Australia 2007-2008, May 2009, p.15
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•

a mandatory or voluntary carbon market,574 which results in a price on carbon and may allow
land managers and farmers to establish soil carbon sequestration projects that create soil
carbon credits, which can be purchased by others; and

•

government programs,575 which may fund land managers and farmers to adopt land uses or
management practices that sequester soil carbon. Programs relating to natural resource
management are often delivered at a regional level by CMAs.

Witnesses also suggested that incentives could be provided through tax breaks or government
provision of zero interest loans to cover the establishment costs of adopting soil carbon
sequestration activities, for example, to purchase new equipment,576 or through local council rate
rebates.577
Some witnesses argued that incentives should only be provided to land managers and farmers who
are achieving soil carbon levels above a certain minimum or ‘duty of care’ level.578 Mr Peter Forster,
Secretary of the Victorian-based Environmental Farmers Network, argued that such an approach
would address the equity issue identified in chapter six of an incentive mechanism disadvantaging
farmers who have already improved their soils.579
Incentives provided through either a mandatory or voluntary carbon market or through government
programs can either be practice-based or results-based incentives, as identified in Table 7.1:

574

575
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577
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Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.8; Mr G Ford, Policy Adviser,
Victorian Farmers Federation, Environment and Natural Resources Committee public hearing – Melbourne,
15 March 2010, p.49; Mr C Watts, Regional Projects Manager, The Climate Institute, Environment and Natural
Resources Committee public hearing – Melbourne, 15 March 2010, transcript of evidence, p.57; Mr P Butcher,
Chief Executive Officer, Glenelg Hopkins Catchment Management Authority, Environment and Natural Resources
Committee public hearing – Hamilton, 30 March 2010, transcript of evidence, p.113
Mr P Perret, Centre Leader and Project Manager, Sustainable Drylands, Glenelg Hopkins Catchment Management
Authority, Environment and Natural Resources Committee public hearing – Horsham, 30 March 2010, p.132;
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.217; Ms M McKay, Coordinator, Bass Coast Landcare Network, Environment and Natural Resources Committee
public hearing – Traralgon, 19 April 2010, transcript of evidence, p.188; Mr M Thompson, Chief Executive Officer,
Wimmera Catchment Management Authority, Environment and Natural Resources Committee public hearing –
Horsham, 29 March 2010, p.91
Mr R Ruwoldt, Environment and Natural Resources Committee public hearing – Horsham, 29 March 2010,
transcript of evidence, p.98; Ms I Millar, Senior Associate, Baker and McKenzie, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.213; Professor A Cowie,
Director, National Centre for Rural Greenhouse Gas Research, University of New England, Environment and
Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence, p.218; Hindmarsh
Shire Council, submission no.28, p.2
For example, some local Councils in Victoria offer rate rebates to landowners who protect native vegetation on their
property - for example, see Macedon Ranges Shire Council: www.mrsc.vic.gov.au, accessed August 2010
Mr P Forster, Secretary, Environmental Farmers Network, Environment and Natural Resources Committee public
hearing – Hamilton, 30 March 2010, transcript of evidence, p.121; Mr D Dore, Executive Member, Goulburn Broken
Catchment Landcare Network (Gecko ClaN), Environment and Natural Resources Committee public hearing –
Thoona, 20 April 2010, transcript of evidence, p.204
ibid.
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•

practice-based incentives – under this approach, payments or the awarding of credits are made
on the basis of adopting specified management practices across a given area; and580

•

results-based incentives – under this approach, payments or the awarding of credits are made
on the basis of the amount of carbon sequestered over a given period of time.

These two approaches have advantages and disadvantages in relation to some of the key
challenges associated with soil carbon sequestration. 581 A key advantage of a results-based
approach is that it provides greater control to land managers and farmers over the choices of
management practices used to sequester soil carbon and thus provides farmers with an incentive to
develop innovative practices. A key disadvantage of a results-based approach is that it poses
greater challenges in relation to measurement and monitoring than a practice-based approach.582
The level of incentives that will be provided by carbon markets for soil carbon sequestration in
Australia and Victoria is uncertain. This is due to uncertainty over international accounting rules for
soil carbon sequestration and the delay to the introduction, and the uncertainty regarding the final
design, of the Australian Government’s proposed Carbon Pollution Reduction Scheme. In the
short-term, the National Carbon Offset Standard and the Victorian Carbon Exchange may facilitate
the establishment of soil carbon sequestration projects under the voluntary carbon market.
Witnesses discussed the role of a carbon price in providing an incentive for farmers to adopt land
uses and management practices to sequester soil carbon. Many witnesses argued that the carbon
price under a voluntary carbon market is likely to be low.583 For example Ms Ilona Millar, Senior
Associate, Baker and McKenzie, stated in evidence to the Committee:
If we only have the voluntary market, which is all we seem to be likely to have in Australia in
the near term, it is a very low-value market …584

As a result of a low carbon price, witnesses argued that a voluntary carbon market, in isolation, is
unlikely to provide sufficient incentive to result in the widespread adoption of land uses and
management practices to sequester soil carbon585 and suggested that additional incentives will be

580
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Practice-based incentives are used in the United States under a range of government programs that reward
farmers for adopting management practices that improve the environment as well as under the Chicago Climate
Exchange in relation to soil carbon sequestration; See Richards et al., Agricultural & forestlands: US carbon policy
strategies, 2006, pp.39-56
Richards et al., Agricultural & forestlands: US carbon policy strategies, 2006, pp.29–61, pp.39–56
ibid., pp.29–61, p.48
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, Environment and Natural
Resources Committee public hearing – Sydney, 10 May 2010,transcript of evidence, p.219; Mr P Butcher, Chief
Executive Officer, Glenelg Hopkins Catchment Management Authority, Environment and Natural Resources
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– Sydney, 10 May 2010, transcript of evidence, p.219
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required.586 For example, Professor Annette Cowie, Director, National Centre for Rural Greenhouse
Gas Research, University of New England, stated:
… it certainly does seem that the current level of the voluntary market is not likely to be
sufficient … Increased incentives are going to have to come from somewhere and if we are
relying on the voluntary market and it has a price something like the Chicago Climate
Exchange which I think is about ten cents, that is not really going to be enough to change
anybody’s practices. There is certainly a subset of landholders who are sufficiently keen and
recognise the benefits of soil carbon and they are going to do it anyway, but you are not
going to achieve the sort of potential sequestration I suggested unless an incentive is
brought in that is more attractive.587

However, Dr Jeff Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO suggested that
a high price for soil carbon credits might not be necessary to ensure significant adoption of
sequestration activities because of the co-benefits of soil carbon:
If we can build carbon and get enhanced water-holding capacity and grow bigger crops,
then it is a win-win situation … Any money that you might make, even if it is small, in terms
of carbon sequestration, is almost icing on the cake in terms of the production side of
things.588

There are no government programs in Victoria that fund farmers to adopt land uses or management
practices with the explicit aim of sequestering soil carbon. However, a range of programs delivered
primarily by CMAs provide funding for activities that improve soil health, which may incidentally
sequester soil carbon.
In its submission to the inquiry, Monash University suggested that the Victorian Government’s
‘ecoMarkets’ program could be extended to include soil carbon sequestration. The ecoMarkets
program is described in the box below.
EcoMarkets program
EcoMarkets is the term used to describe a range of market-based mechanisms established by the
Victorian Government that aim to address environmental degradation. The main function of
ecoMarkets is to provide incentives for private landholders to manage their land in ways that protect
and improve the environment.589 There are two types of ecoMarket programs:
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However, other witnesses suggested that a high price for soil carbon credits might not be necessary to ensure
significant adoption of sequestration activities because of the co-benefits of soil carbon. For example, see Dr J
Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.6
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research, University of New England,
Environment and Natural Resources Committee public hearing – Sydney, 10 May 2010, transcript of evidence,
p.219
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee public hearing – Melbourne, 1 March 2010, transcript of evidence, p.6
Department of Sustainability and Environment, www.dse.vic.gov.au, accessed August 2010
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Tender-based – BushTender and ecoTender 590
Under these programs, landowners bid for government funds in a competitive tender process to
adopt management actions that improve the environmental values of their land. The government
assesses the bids using tools that predict the benefits of the management actions. Successful bids
are those that offer the best value for money in terms of environmental outcomes.
Successful landholders are required to enter into a management agreement that sets out the
management actions that will be implemented on their land. Management agreements operate for a
period of five to ten years, after which time the management obligations cease (that is, if revegetation was adopted as a management action, this can subsequently be cleared).
Successful landholders receive annual payments from the government subject to submitting a
report verifying that the management actions set out in the management agreement were
undertaken in the previous 12 months.
BushTender focuses on biodiversity, while ecoTender focuses on a range of environmental
outcomes, including biodiversity, water quality, water quantity and salinity. EcoTender also accounts
for carbon sequestration in vegetation, but not soils, as a result of re-vegetation.
The Victorian Government is investing $14 million over four years to trial ecoTender in three
regions. The final trial is currently being undertaken in the West Gippsland region, under which
$2 million has been made available to landholders to implement management actions.591

Offset-based – BushBroker592
Under this program, landholders can create credits by protecting, and adopting management
actions to improve, native vegetation on their land. The government determines the amount of
credits created using a tool that predicts the benefits of the management actions. Landholders are
then able to sell the credits to others, such as developers seeking to offset the impacts of their
development on native vegetation, or to environmental organisations.
As with ecoTender, landholders are required to enter into a management agreement that sets out
the management actions that will be implemented on their land. Management agreements operate
for a period of ten years, after which time the actions are no longer required to be implemented.
However, the native vegetation subject to the agreement is required to be permanently protected.
Successful landholders receive annual payments from the buyer of the credits, subject to submitting
a report to the government verifying that the management actions set out in the management
agreement were undertaken in the previous 12 months.

The Committee recognises that there is a range of potential climate change, agricultural and
environmental benefits associated with soil carbon sequestration. The Committee also recognises
that there is significant interest amongst land managers and farmers in relation to the potential
agricultural benefits of soil carbon sequestration. As such, the Committee supports the investigation
and establishment of incentive mechanisms by the Victorian Government to encourage the adoption
of land uses and management practices to sequester soil carbon.
However, the Committee is also of the view that there are currently significant scientific and
economic uncertainties associated with soil carbon sequestration, which need to be resolved
through further research as discussed in this report. As such, the Committee believes that a cautious
and conservative approach should be taken to establishing incentive mechanisms.
590
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The Committee is unable to comment on the Victorian Government’s proposal to establish a
Victorian Carbon Exchange as details of the proposal were not made available to the Committee.
The Victorian Carbon Exchange would establish a formal voluntary carbon market in Victoria and, as
the Committee understands it, enable farmers to establish soil carbon sequestration projects through
the adoption of new management practices, once measurement methodologies and standards have
been established.593 However, the Committee is not clear on how a number of key issues will be
addressed, including:
•

how will soil carbon be measured and who will be responsible for developing the
methodologies?

•

will farmers be rewarded on the basis of adopting specified management practices across a
given area or the amount of carbon sequestered over a given period of time?

•

how will permanence be defined and how will additionality be addressed? and

•

will farmers be liable if soil carbon is ‘lost’ due to a natural event such as a drought or fire?

In the absence of a national emissions trading scheme, the Committee supports the establishment of
a formal voluntary carbon market in Victoria. However, the Committee cautions the Victorian
Government against including soil carbon sequestration as part of the formal carbon market initially,
until key uncertainties associated with soil carbon sequestration are addressed.
Furthermore, the Committee agrees with the evidence to the inquiry that a voluntary carbon market,
in isolation, is unlikely to provide sufficient incentive to cause the widespread adoption of soil carbon
sequestration activities and that additional incentives will be required.594
The Committee sees advantages in the Victorian Government initially promoting a tender-based
government program as an alternative to a formal voluntary carbon market for soil carbon
sequestration, for two main reasons:
•

measurement and permanence issues are less challenging. For example, a tender-based
program does not involve offsetting, while a carbon market usually does. Offsetting creates
particular measurement challenges because, for an offset to be valid, the amount of carbon
sequestered by the offset must be equal to the amount of carbon emitted elsewhere; and

•

a tender-based program could be designed to favour soil carbon sequestration activities that
maximise the agricultural and environmental co-benefits of soil carbon sequestration.595

In evidence to the Committee, Professor Cowie also expressed concerns about using an incentive
mechanism involving offsets for soil carbon sequestration:
Obviously there are different ways that land holders could be encouraged to increase their
soil carbon. There are various government incentive programs around and concepts about
stewardship payments. On the other hand there is the possibility of allowing offsets for soil
carbon. Personally speaking, I suppose I am not convinced that offsets are necessarily
going to be better than non-market incentives.
593
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I understand the arguments of the economists who say that market-based approaches can
be more efficient, but personally I am concerned about some of the really sticky hurdles that
apply to soil carbon. I am not suggesting it is not possible, but I just think that there is work
to be done to develop a credible offset mechanism for soil carbon.596

The Committee also recognises that tender-based programs have limitations. For example, the
amount of soil carbon that would be sequestered under a tender-based program may be limited by
the amount of government funds made available under the program.597 Furthermore, ‘leakage’598 is
often a significant issue associated with tender-based programs and would need to be addressed.599
However, the Committee is of the view that a tender-based program would allow some of the key
challenges associated with soil carbon sequestration to be trialled and resolved before soil carbon
sequestration is included within a formal voluntary carbon market.
Accordingly, the Committee recommends:
RECOMMENDATION 7.2
The Department of Sustainability and Environment investigate expanding tender-based
programs, such as the ecoTender program, to include soil carbon sequestration.

7.2.2

Education and extension

Many witnesses argued that there is a pressing need for the Victorian Government to provide
education and extension600 programs in relation to soil carbon sequestration.601 A range of reasons
were provided, including because:
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•

the scientific and economic context of soil carbon sequestration is complex and the policy
context is uncertain;602

•

the information available on soil carbon sequestration is being delivered from a wide variety of
different sources and is often conflicting and unsubstantiated;603 and

•

land managers and farmers are perplexed about soil carbon sequestration.604

For example, Mr Butcher, stated in evidence to the Committee:
We have had a number of people come up to us and say, ‘I am a farmer. I would like to get
into the carbon market’ … However, the people who come in off the street always qualify
that remark, saying, ‘This is scary stuff. We are being asked to lock up our land for 100
years. We do not understand the rules and the regulations around this’. It is counterintuitive
to the way they normally conduct their business.
Talking to them about something as complex and difficult as soil carbon is going to be a
mammoth task, in my view. We tend to have our field staff almost embedded in a small part
of the community. They talk with individual farmers over kitchen tables and in back
paddocks, and they would put hours of work … in explaining exactly what is involved, what
are the benefits, answering questions … before you do any work on the ground.
Having [soil carbon sequestration] as a purely market mediated solution to some of
Australia’s emissions problems, I have got some grave doubts as to how that would work in
practice on the ground without the sort of extension that I am talking about.605

Similarly, Mr John Gallienne, an agricultural consultant, stated:
… there are a lot of people who are genuinely trying to do the right thing but they feel that
there is so much information, they are not sure which way to go, and they do not want to be
seen as bad land managers. They feel that there is so much pressure, they ought to know
more about it, but they just find it hard to find that information.606
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Witnesses also advised the Committee on how education and extension programs could be
delivered most effectively. Many witnesses were of the view that these programs are best provided
through regional and local bodies and farmer-to-farmer communication processes.607 For example,
Mr Corey Watts, Regional Programs Director, The Climate Institute, stated that:
There is a key role for the state government in education and extension, and in particular in
facilitating farmer-to-farmer education, extension and communication, because farmers
learn from their peers … I think most of us do. We listen to the people in our social group
the most; they are the people we trust the most, especially if they are in the same boat as
us.608

Similarly, Mr David Dore, Executive Member, Goulburn Broken Catchment Landcare Network,
stated:
I really stress it has been crucial that we get farmers together regularly talking to farmers.
We all like to talk to our own kind. We are more likely to hear the message. It is an
exceptional scientist who can put a case to the farming community and they will go, ‘Yes,
that makes really good sense’. Mostly we are more likely to listen to our neighbour down the
road or someone we have dealings with.609

Mr Tony Kubiel, Regional Landcare Coordinator, Goulburn Broken Catchment Management
Authority, advised the Committee of the advantages of using Landcare groups to deliver education
and extension programs:
We see Landcare as a pivotal on-ground deliverer of works for us … Because they are
unbiased they can say, ‘Well, this is important to us in this area. We are going to trial it. We
are going to see how it works. We are going to deliver the outcomes to the community,
provide them with the knowledge and at times maybe some peer pressure’, to start the
process rolling, to set that social norm up … that this is the way that things can happen. The
agencies or industry cannot do that. They do not have the power to influence without bias,
and that is a really important point, that it is a really big value that Landcare holds … 610

Ms Moragh McKay, Coordinator, Bass Coast Landcare Network, advised the Committee of the
important role of farmer discussion groups in education and extension programs:
These groups are incredibly vital because they are where farmers are working together and
sharing information through peer support processes, and new behaviours are established
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and new standards are set for what is an acceptable behaviour or practice and what is not.
They are really vital hubs of knowledge and information.611

In contrast, Mr Darren Cribbes, member, Environmental Farmers Network, emphasised the
important role of the private sector in education and extension programs:
[DPI] is announcing a closer link for public-private. They are trying to do more of the
research and have private consultants, advisers and education groups supporting the
delivery of education. I like that model because I see the advisers being able to deliver more
specifically to the group of clients working with them around the issues they have a question
on, so there is an inherent knowledge shared between those two groups. [The department]
has a broader platform of research and education and is less able, presently, to deliver
more specific information to groups. That is where industry groups and advisers play an
important role in delivering education now.612

Many witnesses advised the Committee that on-farm demonstration sites are an important education
and extension mechanism.613 Witnesses also suggested that it is important for demonstration sites to
focus on examining the agricultural benefits of soil carbon sequestration activities.614 For example,
Mr Butcher, advised the Committee that the Glenelg Hopkins CMA is currently working with ten land
managers who are interested in establishing demonstration trials on their properties to investigate
how they could increase carbon sequestration in vegetation and soils:615
… we could then take people from elsewhere in the region to these properties and say to
them, ‘Here is someone like you. This has been a success for them’ — hopefully it is a
success — ‘They have had some financial gain out of it; they have increased their
productivity; they have given up a bit of land but they have got something in return for that
and you could do the same’.
We find that those sorts of demonstration sites, as a supplement to the trials that are
conducted on government research stations … often bring people over the line. That would
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need to be replicated in 56 natural resource management regions right around Australia,
and you would start to make a landscape-scale change if you did something like that. 616

Dr Christine Jones, Founder, Australian Soil Carbon Accreditation Scheme, outlined a proposal to
the Committee that involves establishing ten on-farm demonstration sites, called Community
Research Farms, with the support of the Victorian Government and CMAs or other regional groups:
A Community Research Farm would basically be a farm where the landholder is passionate
about restoring perennial ground cover. They would be supported by the Victorian
government … to make that change through education, workshops … I believe once that
scheme had been running for a while and once other farmers saw the results … the
dissemination of information or the adoption process would occur quite naturally …
I see the best way to achieve [adoption of soil carbon sequestration activities] … would be
for the Victorian government to support that process of natural networking amongst farmers,
mostly through education and these on-farm demonstration sites.617

However, witnesses highlighted the need for support from research bodies at demonstration sites to
ensure that the measurement methodologies used in the demonstrations are scientifically robust and
the findings can be used effectively.618
Education and extension programs are widely used in agricultural and environmental programs to
encourage the adoption of new management practices. However, the Committee recognises that
such programs are not always the most appropriate mechanism to effect change.619 A well regarded
study by Dr Anna Ridley and Professor David Pannell on salinity management in Australia
concluded that salinity education and extension programs are most effective in cases where the
management practices being encouraged are economically competitive or where farmers lack
information or have misperceptions about the salinity problem or how it should be managed.620
As noted in chapter six, there is uncertainty in relation to the economic costs associated with many
land uses and management practices used to sequester soil carbon. However, given that the
available information on soil carbon sequestration is often conflicting and perplexing, and given the
potential agricultural benefits of soil carbon sequestration, the Committee is of the view that
education and extension programs are an appropriate and important mechanism for the Victorian
Government to utilise to encourage the adoption of soil carbon sequestration activities.
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The Committee also agrees with the evidence received in the inquiry that education and extension
programs are best provided by regional or local bodies such as Landcare groups and through onfarm demonstration sites that investigate the agricultural benefits of soil carbon sequestration.621
Accordingly, the Committee recommends:
RECOMMENDATION 7.3
The Victorian Government fund education and extension programs in relation to soil carbon
sequestration, to be delivered by regional and local bodies. These programs should include
on-farm demonstration sites that focus on investigating the agricultural benefits of soil carbon
sequestration.

7.2.3

Mechanisms to reduce costs and share risks

In evidence to the Committee, some witnesses referred to mechanisms that could encourage the
adoption of land uses and management practices by reducing costs, such as transaction costs, and
by sharing risks, in particular, risks associated with permanence. These mechanisms include:
•

aggregation of carbon credits;622

•

pooling of carbon credits; and623

•

government provision of insurance against economic risks.624

Aggregation of carbon credits may reduce transaction costs and thus facilitate the participation of
small-scale credit suppliers (for example, small farms) in a carbon market.625 Under this concept, a
carbon aggregator manages and sells carbon credits on behalf of a group of credit suppliers in a
carbon market.626 Each credit supplier retains ownership over their credits and is paid once those
credits are sold. Conversely, each credit supplier could also be liable should carbon be ‘lost’ back
into the atmosphere. Carbon aggregators are used as part of the Chicago Climate Exchange, which
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requires that all farmers generating below a certain minimum level of soil carbon credits use an
aggregator.627
Pooling of carbon credits may address a range of risks associated with soil carbon sequestration,
including those associated with permanence. 628 Under this concept, a supplier of carbon credits
commits credits to a pool that is created from a diverse range of sequestration or emissions
reduction projects across different regions with varying levels of risk (for example, levels of
permanence). In any one year, the level of sequestration or emissions reductions achieved by any
one farmer who supplies credits to a pool is likely to vary. By pooling, the risks are managed across
farms and regions, which is likely to generate a higher price for the credits sold.629
Pooling differs from aggregation because under pooling, each credit supplier exchanges their credits
for a right to a share in the payments generated by the pool as a whole. A buyer of credits from the
pool would not be purchasing credits created by a specific farmer. Rather, the buyer would be
purchasing credits from the pool based on the probability that the level of sequestration or emissions
reductions achieved by the pool is higher than the level achieved by any single supplier of credits.630
A further mechanism suggested to the Committee to reduce the risks associated with soil carbon
sequestration involves providing insurance against the economic risks of adopting management
practices to sequester soil carbon in certain cases. In evidence to the Committee, Mr Watts
explained this suggestion:
There is a role for … the state government in developing innovative approaches … to the
market: things such as conservation insurance where if a farmer or a landholder perceives
that there is a business risk to them changing their management practices or their business
then some body, whether it is government or a [non-government organisation] in partnership
with government or a catchment organisation … can provide a kind of insurance product
that says, ‘No, we’re pretty sure that you won’t, but just to put your mind at ease, we’ll put
the money on the table and make up the difference’. I know those sorts of products have
been trialled in the United States by a non-government organisation to prevent water
pollution and to improve conservation outcomes, and that seems to work well.631

The Committee concludes that the above mechanisms may be useful in encouraging land managers
and farmers to adopt soil carbon sequestration activities and should be considered by the Victorian
Government in designing policy options for soil carbon sequestration in Victoria.
Adopted by the Environment and Natural Resources Committee – 30 August 2010
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Dr D Tonkinson, Senior Ecologist
Mr D Phillips, Project Officer
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Appendix 2: List of public hearings

Department of Primary Industries
Mr P Perret, Centre Leader and Project Manager - Sustainable Drylands, Glenelg Hopkins
Dr F Robertson, Senior Research Scientist
Dr M Crawford, Deputy Executive Director – Future Farming Systems Research

12 April 2010 – Melbourne
Dairy Australia
Dr W Mason, Program Manager, Climate Change
Victorian Catchment Management Council
Dr J Mahoney, Council Member
Mr D Cummings, Consultant
Mr N Meyers, Research and Policy Coordinator
Compost Victoria
Mr B Grant, Secretary and Acting Chair
Mr C Hudson, Veolia Environmental Services and Committee Member
The University of Melbourne
Associate Professor B Malcolm, School of Land and Environment, Department of Agriculture
and Food Systems

19 April 2010 - Traralgon
West Gippsland Catchment Management Authority
Mr S Haywood, Land Team Leader
Mr A Dunn, Land Statutory Planning Manager
Department of Primary Industries
Mr D Crawford, Soil Scientist
Independent Witness
Mr S Annett, Independent Policy and Soils Specialist
South Gippsland Shire Council
Mr A McEwen, Director of Sustainability
Independent Witness
Mr J Gallienne, Agricultural Consultant
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Bass Coast Landcare Network
Ms M McKay, Coordinator
Agribusiness Gippsland
Dr R Lawson, Deputy Chair
Ms S Webster, Executive Officer

20 April 2010 – Thoona
Goulburn Broken Catchment Landcare Network (Gecko CLaN)
Mr D James, Treasurer
Mr D Dore, Executive Member
Goulburn Broken Catchment Management Authority
Mr T Kubeil, Regional Landcare Coordinator, Benalla

10 May 2010 – Sydney NSW
Baker and McKenzie
Ms I Millar, Senior Associate
University of New England
Professor A Cowie, Director, National Centre for Rural Greenhouse Gas Research
University of Sydney
Professor A McBratney, Pro-Dean and Professor of Soil Science, Faculty of Agriculture, Food
and Natural Resources; Director, Australian Centre for Precision Agriculture
Ms I Wheeler, PhD candidate, Faculty of Agriculture, Food and Natural Resources
University of New South Wales
Professor S Joseph, Visiting Professor, School of Materials Science and Engineering
Wentworth Group of Concerned Scientists
Mr P Cosier, Director and Member

12 May 2010 – Wollongbar NSW
Industry & Investment NSW, Wollongbar Primary Industries Institute, Centre of
Excellence for the Environment
Dr P Slavich, Director, Centre of Excellence for the Environment
Dr L Van Zwieten, Principal Research Scientist, Climate in Primary Industries
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Appendix 3: Briefings and site inspections
14 December 2009 – Melbourne
Briefing
Department of Sustainability and Environment
Mr K Love, Deputy Secretary
Ms F Williams, Executive Director – Environmental Policy and Climate Change
Mr J Norris, Carbon Monitoring Project Officer
Department of Primary Industries
Dr M Crawford, Deputy Executive Director, Future Farming Systems Research

30 March 2010 – Hamilton
Site inspection
Department of Primary Industries Centre
Department of Primary Industries
Dr R Behrendt, Senior Research Scientist
Mr J Graham, Senior Research Scientist
The Committee was briefed on measuring nitrous oxide from cropping systems and the Evergraze
Hamilton Proof Site.

20 April 2010 – Thoona
Site inspection
The sub-Committee inspected the implementation of the pasture cropping technique at the property
of Mr R and Ms H Ellis with members of the Gecko CLaN.

11 May 2010 – Somersby NSW
Briefing and site inspection
Pacific Pyrolysis Pty Ltd, Somersby NSW
Ms A Downie, Chief Technology Officer
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12 May 2010 – Wollongbar NSW
Site inspection
Industry & Investment NSW, Wollongbar Primary Industries Institute
Mr S Kimber, Environmental Scientist, Climate in Primary Industries
Ms E Berger, Researcher, Industry & Investment NSW

Site inspection
Kahawa Estate – Coffee Farm
Mr J Webber, coffee farmer
Mr J Rust, Researcher, Industry & Investment NSW
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Appendix 4: Measurement approaches suggested
during the inquiry
Witnesses and submissions referred to both the stock-difference and gain-loss approaches and
several variations of each in the inquiry. The table below summarises the primary differences in
potential systems and provides a short comment on the characteristics of each. All of these methods
should be considered experimental, requiring further development and ground-truthing.
Some methods for measuring soil carbon sequestration
at the project level referred to during the inquiry
Mode and target
Process/simulation
modelling – farm level
632,633,634

Measurement of stock farm scale635,636

Method

Description of measure

FullCAM model
incorporating CAMAg
and Roth-C

Simulation models
based on empirical data
and known processes.
Models average
outcome of
management choices
given regional
calibration.

Stratified sampling

Sampling design where
each stratum (sub-area)
ideally has minimal
internal variation but
variation between
different strata is high.

Comments
Most advanced process model
for soil carbon sequestration.
Currently being further refined for
more regions, soil types and
management changes. Building
MIR library of soils for cheaper
measurement. Also active
research level nitrogen cycle
model. Soil carbon sequestration
predictions can cover long
periods, easier to generate
baseline levels and assess
additionality.
Sampling scheme required to
translate single values into
reflection of whole farm stock.
Efficiency depends on local
success of each stratification.637
Can trade off between accuracy
(from more samples) and costs of
sampling (cheaper but less
accurate). Requires repeat visits.
Continued…

632
633
634
635
636

637

CSIRO, submission no.19, p.9
Dr J Baldock, Stream Leader, Sustainable Agriculture Flagship, CSIRO, Environment and Natural Resources
Committee – Melbourne public hearing, 1 March 2010, transcript of evidence, p.9
Dr F Robertson, Senior Research Scientist, Department of Primary Industries, Environment and Natural Resources
Committee public hearing – Horsham, 30 March 2010, transcript of evidence, p.132
D McKenzie and W Mason, Soil carbon sequestration under pasture in Australian dairy regions, 2010, prepared for
Dairy Australia; Dairy Australia, submission no.29, p.14
Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of Soil
Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney 10 May 2010, transcript of evidence, p.225
DC McKenzie, J Rasic, PJ Hulme, Guidelines for surveying soil and land resources: Second edition, 2008 Intensive
survey for agricultural management; 2008, chapter 29, pp.469–490
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Mode and target

Method

Description of measure

Comments
Estimates biomass carbon
storage, could be used in
conjunction with expanded
ecoMarkets640 approach to
include greater focus on soil
carbon sequestration as part of a
‘carbon tender’ process. Would
also allow measurable
environmental benefits with
projects.
Wide range of feedstocks,
therefore duration and emission
mitigation potential requires
collation of existing data and
application of field trials on to
regional soil types. Relatively
simple calculation once factors
are developed.
Inferred soil carbon increase.
Spot tests of soil carbon may not
be sufficient to reflect inferred
increase. As biomass persistence
is measured has potential where
bundling ecological benefits such
as good groundcover with soil
carbon sequestration. Primarily
suited to grazing lands and
pasture cropping enterprises.
Applicable to paddock scale and
bare soil. Calibration still required
in field measures and laboratory
measurements. Question of
repeat efficacy due to
confounding factors such as soil
moisture, surface texture etc.
Need quality measure of
calibration for each application.

Process/simulation
modelling –catchment
scale638,639

Environmental
Systems Modelling
Platform (EnSym)

Range of biophysical
models (modified or
otherwise) to deliver a
rough estimate of
carbon sequestration for
range of managements.

Indirect – farm biochar
additions641, 642

Empirically derived
factors

Factors for biochar
sequestration potential
(duration) for feedstock,
soil type, and avoided
nitrous oxide emissions.

Remote sensing -farm
scale groundcover643

True colour imagery
and/or other
wavelengths

Per cent green cover
through time, greater
groundcover = higher
soil carbon. Ideally
conducted on a regional
collective basis

Aerial Spectroscopy –
paddock scale644

Use of near and/or
mid infrared
wavelengths

Reflectance of surface
of bare soil is calibrated
to on-ground testing for
soil carbon.

Continued…

638
639
640

641
642
643
644
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Monash University, Monash Sustainability Institute, submission no.25, p.7
Dr P Wallis, Research Fellow, Monash Sustainability Institute, Environment and Natural Resources Committee
public hearing – Melbourne, 15 March 2010, transcript of evidence, p.41
ecoMarkets is the term used to describe a range of market-based systems established by the Victorian
Government aimed at addressing environmental decline. The main function of ecoMarkets is to provide incentives
for private landholders, who own 65% of Victoria’s land, to manage their land in ways that conserve and enhance
the environment. Landholders will be able to earn income from ecoMarkets if they are able to provide
environmental improvements in a cost-effective way. Examples of ecoMarkets include BushTender, EcoTender and
BushBroker
Black is Green, submission no.26, p.3–4
Dr P Wallis, Research Fellow, Monash Sustainability Institute, Environment and Natural Resources Committee
public hearing – Melbourne, 15 March 2010, transcript of evidence p.42
Australian Soil Carbon Accreditation Scheme, submission no.17, p.5
Mr A McEwen, Director of Sustainability. South Gippsland Shire Council, Environment and Natural Resources
Committee public hearing – Traralgon, 19 April 2010, transcript of evidence, p.177
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Mode and target

Method

Modelling – farm
compost additions645

Integration of
European compost
model into existing
process/simulation
modelling (Roth-C)

Index based system –
management change646,

Uses default
sequestration values
based on given
management change
for given region

647,648

Index based system –
soil health649

Soil health scorecard,
including soil carbon
as indicator

Combination style
systems – modelling
and stock-difference650

Models with stockdifference
measurement for
emerging
managements

645
646
647
648
649
650

Description of measure

Comments

Carbon on nature of
compost from
manufacturer combined
with farmer activity data
and modelled with RothC in NCAT. On-site soil
test verification every 35 years.
Default sequestration
values usually
determined by expert
assessment of regional
potential. Information on
management change
and duration then used
to estimate soil carbon
sequestration.
Proxy for ecological
effects of soil carbon
sequestration (not
sequestration itself)
As per process
modelling and stockdifference with direct
measurement

European model requires data
from Australian field trials –
model must be further developed,
tested and integrated.

In Chicago Climate Exchange
example low value for credits. It
was noted several times that
prices would be higher for credits
that deliver social and
environmental benefits as well
due to positive market
perceptions (that is,
afforestation).
May deliver measure of social
and environmental benefits of
increasing soil carbon
sequestration. Still research level.
Could use stock-difference
measurement for systems and
regions that are not yet
incorporated into process
models. Over time these
measures provide data to
generate models to replace
measurement need for stockdifference. Potential to provide
the ‘best of both worlds’.

Compost Victoria, submission no.23, p.8
Mr J Saunders, Environment and Natural Resources Committee public hearing – Melbourne, 1 March 2010,
transcript of evidence, p.18
Mr C Watts, Regional Projects Manager, The Climate Institute, Environment and Natural Resources Committee
public hearing – Melbourne, 1 March 2010, transcript of evidence, p.58
Ms I Millar, Senior Associate, Baker McKenzie, Environment and Natural Resources Committee public hearing –
Sydney 10 May, 2010, transcript of evidence, p.213
Ms M McKay, Coordinator, Bass Coast Landcare Network, Environment and Natural Resources Committee public
hearing – Traralgon, 19 April, 2010, transcript of evidence, p.185
Professor A McBratney, Director, Australian Centre for Precision Agriculture, and Pro-Dean and Professor of Soil
Science, Faculty of Agriculture, Food and Natural Resources, University of Sydney, Environment and Natural
Resources Committee public hearing – Sydney 10 May 2010, transcript of evidence, p.225
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