The next chapter in Australia’s
State of the Forests Report
Claire Howell*, Tony Hunn and Jeya Jeyasingham
Australian Bureau of Agricultural and Resource Economics and Sciences,
Department of Agriculture, Fisheries and Forestry, Canberra, Australia
*presenter; Email: claire.howell@daff.gov.au
Claire Howell

Australia’s forests are recognised and valued for their diverse ecosystems, unique biodiversity, cultural
heritage, and goods and services such as carbon sequestration, provision of wood, soil and water
protection, and aesthetic values. Australia’s forests are also subject to a range of pressures including
climate change, invasive weeds and feral animals, drought, changing fire regimes, urban development
and mining, agricultural management practices such as grazing, and the legacy of previous land
management practices. The sustainable management and conservation of Australia’s forests therefore
requires a sound understanding of the state and use of publicly and privately managed forests and their
contribution to society to meet the range of community needs and expectations.

Drivers for Australia’s State of the Forests Report
The National Forest Policy Statement (NFPS) represents a major milestone in the management of
Australia’s forests (Commonwealth of Australia 1992) and was signed by all state and territory
jurisdictions and the Australian Government. The NFPS aims to ensure the development of an
ecologically sustainable commercial timber industry in conjunction with the identification and
retention of nature conservation reserves and wilderness areas. A specific goal of the NFPS is to
address the range of interests in regard to forests within the Australian community, with a requirement
to produce and publish a ‘state of the forests’ review every five years to meet the needs of industry
development, government policy development and analysis, academia, and research programs.
Reliable comprehensive information describing the ecological, social and economic aspects of
Australia’s diverse forests has proven to be fundamental for state and territory governments, and the
Australian Government, to address climate change and biosecurity issues and support sustainable
resource use and conservation, and for the wood and non-wood forest products industries that depend
upon forests.
The development of the NFPS occurred in parallel with a global movement to address the sustainable
use and management of the world’s natural ecosystems and resources. The concept of criteria and
indicators for sustainable forest management gained momentum at the United Nations Conference on
Environment and Development (Rio Earth Summit) in 1992, at which there was recognition of the
need for rigorous, comprehensive, scientific information to support the conservation and sustainable
use of the world’s natural resources. The Regional Forest Agreements Act 2002, introduced following
the development of Regional Forest Agreements through the late 1990s and early 2000s, also specifies
the establishment of a comprehensive and publicly available source of information for national and
regional monitoring and reporting in relation to all of Australia’s forests, and for supporting decisionmaking in relation to all of Australia’s forests.

Framework of criteria and indicators
Australia has embraced the use of criteria and indicators on the conservation and sustainable
management of forests as they provide stakeholders (including decision-makers for investment in
forestry, for forest policy development, and for sustainable development at all levels) with a common
definition of what characterises the sustainable management of forests along with a way of evaluating
forest management against a prescribed framework. The criteria represent values that society wants to
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enhance or preserve, while the indicators identify scientific, economic and social measures for
assessing the state of forests and measuring progress over time. The framework of criteria and
indicators provides a means of describing comprehensively and consistently the broad forest values
that underpin the principles of sustainable forest management (Commonwealth of Australia 1997;
Montreal Process Working Group 2012). Providing forest managers with the ability to monitor and
report sustainability performance in regard to forest management and use at national and sub-national
levels is an important facet of the NFPS.
Australian, state and territory governments recognised the merit of the international Montreal Process
framework for national and sub-national forest management and reporting. To report meaningfully, the
framework had to be relevant to Australia’s unique social, economic and ecological environments. In
August 1996 the Chairs of the Standing Committee on Forestry and the Standing Committee on
Conservation agreed to establish the Montreal Process Implementation Group for Australia (MIG) to
coordinate the development and implementation of an Australian framework of criteria and indicators
based on the Montreal Process (Commonwealth of Australia 1998). The group includes Australian,
state and territory governments and private forest and scientific research representatives involved in
forest management. It became apparent to representatives of governments, industry and research
organisations during the development of the first Australian framework that Australia’s capacity to
report nationally for many of the Montreal Process indicators depended on the way the states and
territories monitored and reported forest-related information. It also became apparent that an ongoing
constructive and structured dialogue between decision-makers, scientists and other stakeholders was
needed to progress Australia’s ability to monitor and report forest sustainability outcomes (Howell et
al. 2008).
After extensive stakeholder consultation, Australia’s Framework of Regional (Sub-National) Level
Criteria and Indicators of Sustainable Forest Management, with seven criteria and 74 indicators, was
published in 1998. The criteria are:
1.
2.
3.
4.
5.
6.

Conservation of biological diversity
Maintenance of productive capacity of forest ecosystems
Maintenance of ecosystem health and vitality
Conservation and maintenance of soil and water resources
Maintenance of forest contribution to global carbon cycles
Maintenance and enhancement of long-term multiple socioeconomic benefits to meet the needs
of societies
7. Legal, institutional and economic framework for forest conservation and sustainable
management.
The criteria correspond to the seven developed by the international Montreal Process Working Group
on Criteria and Indicators for the Conservation and Sustainable Management of Temperate and Boreal
Forests, which comprises representatives of 12 countries including Australia. Australia adopted the
criteria but adapted the indicators to better address the country’s unique forests and Indigenous
people’s connection to country while delivering a very similar reporting coverage as the internationallevel indicator set, and developed the 74 indicators with the intention that they could be applied at all
scales of forest management (Commonwealth of Australia 1998).
The current set of 44 indicators in Australia’s criteria and indicator framework are the result of a
comprehensive domestic review process undertaken in 2005 with the aim of eliminating duplication,
ambiguity and gaps in the indicator suite. The review drew upon the experience of the SOFR 1998 and
SOFR 2003 reporting processes, a series of expert consultancies and a national review workshop
involving over 90 experts involved with forest management related matters (Howell et al. 2008). The
44 indicators were also developed in the context of contemporary forest regulations, international
agreements and national and state policies, including the NFPS.
The criteria and indicators used in SOFR 2013 represent the essential components of sustainable forest
management. Measured over time, they can help to inform public forest land management agencies,
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policy analysts, researchers and other stakeholders about the state of Australia’s diverse and complex
forest ecosystems and the benefits and risks associated with their management. SOFR 2013 is the
fourth report in the series of five-yearly national ‘State of the Forests’ reports. While the framework of
seven criteria remains unchanged, SOFR 2013 marks for the first time the use of the same 44
indicators as a previous report (SOFR 2008), noting that both SOFR 1998 (implicitly) and SOFR 2003
(explicitly) were based on Australia’s original 74 indicators.
A criteria and indicators approach has also been adopted by several Australian states, namely New
South Wales, Tasmania, Victoria and Western Australia, for reporting progress toward the sustainable
management of forests in those states. These and other sustainability-based reports about forests and
the environment, prepared in the states and territories, contribute directly to national forest reporting in
SOFR, which in turn contributes to Australia’s international forest-related reporting. The
harmonisation at the sub-national level with the national level allows for efficiencies in data
collection, compilation and use, and thereby provides a stronger base for relevant data collection
processes. It also facilitates a shared understanding, by interested parties at both the national and subnational levels, of the elements that underpin the principles of sustainable forest management.
Harmonisation has also been a theme at the international level amongst a number of forest reporting
processes. Australia has been an active participant in international forest-specific reporting processes,
especially through the United Nations Food and Agriculture Organization’s Global Forest Resources
Assessments (GFRA) and the Montreal Process Working Group since its establishment in 1994. Over
the past 10 years, and especially since the release of the GFRA 2010 (FAO 2010), there has been a
concerted effort by a number of international forest reporting processes including the GFRA, the
International Tropical Timber Organisation, Forest Europe, the Observatoire des Forêts d’Afrique
Centrale (OFAC) and the Montreal Process Working Group, to streamline processes to meet a range of
forest reporting requirements. A series of meetings and workshops with representatives from the
aforementioned organisations and processes during 2011 and 2012 led to the development of a
Collaborative Forest Resources Questionnaire which was designed to align the data needs of the
various processes into a harmonised data request (FAO GFRA Data Request, March 2013). The CFRQ
is now with GFRA National Correspondents in each member country as part of the call for data for the
forthcoming GFRA 2015. As per Australia’s submissions to previous GFRAs (2000, 2005 and 2010),
which were based on each of the three SOFRs produced to date (1998, 2003 and 2008 respectively),
Australia’s response to the CFRQ and GFRA 2015 will be based on data and information from SOFR
2013.

Governance and coordination
The governance arrangements for production of SOFR 2013 were established in late 2010 and agreed
to by the Forestry and Forest Products Committee (FFPC), which was a subcommittee of the Primary
Industries Steering Committee at that time. Under this arrangement, preparation of the report was
coordinated by the National Forest Inventory (NFI) management team in the Australian Bureau of
Agricultural and Resource Economics and Sciences (ABARES) on behalf of the National Forest
Inventory Steering Committee (NFISC) and the Montreal Process Implementation Group for Australia
(MIG). Representatives guided its preparation, and a drafting sub-group of NFISC and MIG
representatives reviewed draft material for the report. Endorsement for the report will be sought jointly
from the NFISC and the MIG, with final endorsement from FFPC.
Much of the ground-work of preparing SOFR 2013 was carried out in 2011. In April 2011, relevant
state, territory and Australian Government agencies, and research and other non-government
organisations, were notified—in their capacity as potential data providers and key stakeholders—of
the forthcoming report and their cooperation was sought to contribute data. A national workshop in
June 2011 provided NFISC and MIG representatives the opportunity to review and refine data requests
for each of the 44 indicators to improve their clarity and relevance, and therefore the quality of data
responses. The refined data requests were distributed to states and territories in August 2011 with a
data response deadline of mid-December 2011. A data date-stamp of 30 June 2011 was agreed, which
linked the start of the five‐year reporting period for SOFR 2013 (1 July 2006) to the end of the SOFR
2008 reporting period.
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Data coordinators in each state and territory nominated by FFPC led the compilation of responses to
the 44 data requests. Through the data request process and follow-up engagement, data of variable
quality were received for all indicators from New South Wales, South Australia, Tasmania, Victoria
and the Northern Territory, and data of variable quality were received for some indicators from the
Australian Capital Territory, Queensland and Western Australia. Data for Tasmania were based on
Tasmania’s State of the Forests Report 20121. For a few indicators, national-level data formed the
major part of the analysis: these data were sourced from the Australian Government Departments of
Sustainability, Environment, Water, Population and Communities and the former Climate Change and
Energy Efficiency (now Industry, Innovation, Climate Change, Science, Research and Tertiary
Education); the Australian Bureau of Statistics; ForestWorks; Forest and Wood Products Australia;
and ABARES.
Data gathered from these state, territory and national sources for the 44 indicators were compiled,
synthesised and analysed by the NFI management team, together with initial drafting of most of the
text, tables and figures. The draft indicator documents underwent a series of reviews by senior officers
within the Australian Government Department of Agriculture, Fisheries and Forestry (DAFF) and
ABARES and professional editors, and by a SOFR drafting group in a two‐day SOFR drafting
workshop with representatives from NFISC, MIG, DAFF and ABARES in October 2012.

SOFR 2013 advances
There are a number of indicators in SOFR 2013 for which there have been substantial data
improvements since 2008, including the development of nationally consistent datasets. Some are new
sources of national data, but many are derived from a combination of national and sub-national data
from new sources. Some are new data supplied by state and territory government agencies that have
been assembled into a national dataset akin to those used in previous SOFRs. Overall, SOFR 2013
features significant improvements in data sources. These improvements increase certainty and quality
of information but at the same time limit the validity of comparisons with previous editions of SOFR.
Improved forest cover figures
A fundamental improvement in SOFR 2013 is a more rigorous forest cover dataset. It is based on a
Multiple Lines of Evidence approach that combines the traditional National Forest Inventory
compilation of state and territory forest cover datasets with analysis and interrogation of appropriate
independent national and sub-national forest cover datasets that were not integrated into previous
forest cover figures. The process has resulted in a product with a higher level of certainty for areas of
forest and non-forest, and enabled a targeted investigation and validation of areas in which there is
disagreement between datasets (Mutendeudzi et al. 2013). Of note is the stronger alignment between
the NFI forest cover dataset and the National Carbon Accounting System forest cover dataset
compared with the alignment presented in SOFR 2008.
Nationally consistent land tenure data
Consistent land tenure mapping across the country has been greatly improved with the acquisition of
national tenure information, and this presents a new approach for the NFI’s forest tenure dataset. The
figures to be published in SOFR 2013 are based on a national tenure product built by PSMA Australia
Limited2 based on data from state and territory government mapping agencies and the land registries
of Australia. New South Wales tenure data, however, were not collected through this process, and
have been acquired and processed by the NFI separately before incorporation into the 2013 NFI tenure
dataset.
This method of assembling tenure data is an improvement from that used during the production of
SOFR 2008, which involved collection and classification of tenure information from each jurisdiction

1

http://www.fpa.tas.gov.au/__data/assets/pdf_file/0009/82872/State_of_the_forests_Tasmania_2012_report.pdf

2

http://www.psma.com.au/?product=land-tenure
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individually into the NFI. The six NFI national tenure categories reported in previous SOFRs have
been applied to the new national tenure dataset for use in SOFR 2013.
First national covenanted land dataset
The area of reservation on private property throughout Australia is increasing through a variety of
secure legal mechanisms, such as covenants. The area of privately owned land for which a
conservation covenant is written into the land title, which ensures that natural, cultural and/or
scientific values on the land are protected, complements the area of protected forest on public land.
National datasets such as the National Covenanted Lands Database (NCLD) created by the Australian
Government, and larger spatial datasets held by non-government organisations such as Bush Heritage
Australia and the Nature Conservancy (along with smaller, jurisdictionally based non-government
organisations), have for the first time been included in SOFR 2013, and have assisted greatly in the
identification of many private forest reserves. However, the full extent of covenanted forest remains to
be documented.
Comprehensive national lists of forest-dependent and forest-dwelling species for both plants
and vertebrate animals
Full lists of forest-dependent and forest-dwelling vertebrate fauna have been compiled for the first
time and are reported in SOFR 2013, and an updated plant list has also been compiled. Since SOFR
2008, significantly better information is available for species in regions that have been subject to
formal assessment processes, such as those associated with Regional Forest Agreements, and for
reptiles, frogs, bats and fish. For the first time, forest-dependent and forest-dwelling species lists are
presented in SOFR 2013 by the forest habitat types with which the species are associated.
The number of species reported has increased from that reported in previous SOFRs because of
improved information and surveys, although data accuracy is limited by the absence of data from some
states and territories for some reporting periods. An improved understanding of fish habitat has
contributed to an increase in the reported number of forest-dwelling fish species nationally.
The relative impact of different threats on nationally listed forest-dwelling species
For the first time, SOFR 2013 will provide the reasons (primary threats) for which forest-dwelling
flora and fauna were added to the national list of threatened species during the reporting period. Most
newly listed forest-dwelling species were included in the national list because of their small population
size, restricted range, or threats caused by land clearing, habitat degradation, unsuitable fire regimes,
overgrazing and predation by introduced species. Most removals of forest-dwelling species from the
national list over the reporting period were made as a result of improved information. No forestdwelling species is known to have become extinct since the release of the first state of the forest report
in 1998. Seven forest-dwelling plant species previously categorised as Extinct were rediscovered over
the reporting period, and their status was changed to Critically Endangered or Vulnerable.
SOFR 2013 will also provide an assessment of primary, secondary and tertiary threats for all forestdwelling species listed as threatened under the Environment Protection and Biodiversity Conservation
Act 1999, including those categorised as extinct, based on current listing advice. Historical land-use
change and forest loss (caused by clearing for agriculture, grazing, and urban and industrial
development) has been the most significant threat to nationally listed forest-dwelling fauna species,
followed by predation from introduced predators. Small population size and localised distribution are
the most significant threats to threatened forest-dwelling flora, followed by mortality agents (including
illegal collection, recreational pressure, pressures caused from urban edges, and genetic or breeding
issues) and unsuitable fire regimes. Forestry operations pose a minor threat to nationally listed forestdwelling fauna and flora species compared with other threats.
Genetics data from Australia’s country report to the FAO State of the World’s Forest
Genetics Resources (SoW-FGR)
Australia’s country report to the SoW-FGR 2013 presented a comprehensive review of the status of
Australia’s forest genetic resources and enabled a more thorough response in SOFR 2013 compared
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with previous SOFRs (Singh et al. 2013). The number of forest-associated species for which data on
genetic variation is available is still very small, although data are increasing. Formal efforts are being
made to improve long-term genetic conservation outcomes, including by increasing connectivity
among patches of native vegetation.
Commerciality as an indication of forest area available for harvest
The area of native forest ‘not legally restricted from wood harvesting’ meets an international definition
to indicate the area potentially available for wood harvesting. However, this is a poor representation—
and a substantial overstatement—of the area actually available to the timber and wood-processing
industries, as it includes forests in which wood harvesting is not economically (commercially) viable
or which are otherwise unsuitable for harvesting. A national assessment of commerciality,
merchantability and productivity of native forests across all tenures has therefore been included for the
first time in SOFR 2013, based on historical and recent data, and spatially identifies native forests
available and suitable for wood production.
About one-third of the area of native forest not legally restricted from wood harvesting in 2006 was
deemed to be available and suitable for wood harvesting at that date, according to its commercial
suitability based on forest productivity and merchantability characteristics. A large part of the native
forest estate on leasehold and private land contributes minimally to wood supply, including forests
used predominantly for grazing, forests that contain few marketable species in commercial quantities,
forests isolated from markets, or forests where harvesting is not operationally feasible.
Silvicultural systems for wood harvesting in multiple-use public native forests
A new national database on silvicultural systems in multiple-use public native forests, compiled by the
NFI team using information provided by state forest management agencies, is included in SOFR 2013.
Most of the area harvested in 2010–11 on multiple-use public native forest was harvested by selection
logging systems, and only relatively small areas were harvested by clearfelling, other intensive
silviculture systems, or shelterwood systems.
Carbon stock in forests and wood products
Forests are an important component of the carbon cycle as they sequester considerable amounts of
carbon. Data from the former Australian Government Department of Climate Change and Energy
Efficiency were used to compile the indicator which describes the contribution of forests to global
carbon cycles. Comprehensive datasets are now available for the decade 2001 to 2010, and this has
allowed a comparison both of forest carbon dynamics and of forest sector emissions between the two
five-year periods 2001–2005 and 2006–2010.
Most of the carbon in Australia’s forests is stored in living forests, mostly in native forests, and a small
proportion is stored in wood products and in landfill. During the past decade, there has been a slight
decrease in the stock of carbon stored in forests, with most of this loss occurring in the first half of the
decade. This loss was attributable to wildfires, forest dieback and some clearing. A proportion of this
carbon was restored into forests during the second half of the decade, driven by a combination of
reductions in forest clearing, wildfire and dieback, and—especially—the recovery of forests from
previous wildfires.
The transfer of carbon from forests to forest products increased during the period 2001–2010, and
resulted in an increase in carbon stored in the pools of harvested wood and wood products in use and
in landfill.
Nationally consistent data on Indigenous-owned and Indigenous-managed forests
‘The area of forest to which Indigenous people have use and rights that protect their special values and
are recognised through formal and informal management’ is one of three indicators specific to
Indigenous peoples in Australia’s framework of 44 indicators. The protection of Indigenous peoples’
cultural, religious, social and spiritual values is an essential part of forest management, as access,
management and ownership are key parts of the relationship of Indigenous people with land.
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In consultation with relevant Indigenous organisations and as part of the National Indigenous Forest
Strategy, ABARES has compiled a national dataset from publicly available data to portray Australia’s
Indigenous estate. The dataset contains four land tenure and management categories: Indigenousowned, Indigenous-managed, Indigenous co-managed, and Other special rights. About one-third of
Australia’s forests are identified as part of the Indigenous estate, of which three-quarters are in
Queensland and the Northern Territory.
More recent time-series data on employment and demographics
Employment and demographic data from the ABS Population and Housing census (2011) have been
used in SOFR 2013 for the preparation of a number of socio-economic indicators, including
employment. This is the first SOFR to contain such recent data; SOFR 2008 included data only from
the 2001 Population and Housing census. The ABS Population and Housing census data showed a fall
in total direct employment in the forest sector over the period 2006–2011 (largely the result of a fall in
full-time direct employment). SOFR 2013 will also be the first time that time-series data have been
used to present the resilience and adaptability of forest-dependent communities and forest-dependent
Indigenous communities.
An improved understanding of the capacity to conduct and apply research and development
in forestry and forest products
Research, inventory and the development of assessment methodologies provide the basis for
sustainable forest management by allowing an understanding of the characteristics and functions of
Australian forest ecosystems. SOFR 2013 draws on the findings of a series of surveys on research and
development (R&D) expenditure for forestry and forest products conducted using a consistent
methodology by Turner and Lambert at intervals in the period 1981–82 to 2007–08 (Turner and
Lambert 2011), which showed how numbers of staff engaged in R&D activities fell over the reporting
period, especially over the second half of the period.

Challenges and information gaps
SOFR 2013 provides new data and analyses for some indicators that had gaps in previous reports, but
there remain a number of ongoing national data gaps. This paper provides a summary of the more
apparent gaps in SOFR 2013, but the process of undertaking a more thorough data gap analysis will
best occur after SOFR 2013 is published.
One example of a gap in available information is forest growth-stage data, which are not collected by
state and territory jurisdictions. The paucity of nationally meaningful data on forest fragmentation and
on soil- and water-related parameters also remains. Similarly, there are gaps with the lists and overall
understanding of the role of invertebrate fauna, fungi, lichens, algae or micro-organisms in forests,
even though these taxa play key roles in ecological processes. Lastly, while there are reasonably
comprehensive forest-related datasets at the state and territory level for multiple-use public native
forests and plantations, data at the state and territory level continue to be limited in other native forest
tenure categories, and especially in privately managed native forests.
As with previous reports, most state and territory governments provided responses to the SOFR 2013
data call in 2011. However, the capacity of state and territory government representatives to
contribute, including to the preparation of draft text and figures, was considerably less than that for
previous reports. States and territories also contributed to SOFR 2013 through review of draft
SOFR 2013 text by the NFISC and the MIG, prior to endorsement by FFPC.

Conclusion
SOFR 2013 is the fourth in a series of five-yearly national reports that provide the most
comprehensive review of the state of Australia’s forests and the ecosystems, communities and
industries that depend upon them. Each of the four reports have met (or will meet) national reporting
requirements of the National Forest Policy Statement and legislated through the Regional Forest
Agreement Act 2002, and provide information sought by policy analysts, forest-dependent industries,
researchers, academia and the wider community. The three reports produced to date (SOFR 1998,
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SOFR 2003 and SOFR 2008) have also enabled Australia to meet international reporting requirements,
both as Australia’s country reports to the Montreal Process Working Group and as data underlying
Australia’s responses to the five-yearly UN FAO Global Forest Resources Assessment. Like the three
previous reports, SOFR 2013 will serve as the next Montreal Process country report and underpin
Australia’s contribution to the Global Forest Resources Assessment 2015.
SOFR 2013 features a number of significant improvements in data sources. While these improvements
increase certainty and the quality of information, they also limit the validity of comparisons with
previous editions of SOFR. A fundamental improvement in SOFR 2013 is a more rigorous forest
cover dataset based on a Multiple Lines of Evidence approach. The process has resulted in a product
with a higher level of certainty for areas of forest and non-forest. The tenure figures to be published in
SOFR 2013 are based on a nationally consistent tenure product, improving on the method of
assembling tenure data used during previous SOFRs which involved the collection and classification
of tenure information from each jurisdiction individually into the NFI. National datasets such as the
National Covenanted Lands Database created by the Australian Government have now informed
SOFR 2013, and have improved the identification of many private forest reserves. Full lists of forestdependent and forest-dwelling vertebrate fauna have been compiled and are reported for the first time
in SOFR 2013. For the first time also, SOFR 2013 will provide the reasons (primary threats) for which
forest-dwelling flora and fauna were added to the national list of threatened species during the
reporting period.
An external review in 2004 showed that SOFRs are used by a range of stakeholders including
industry, non-government organisations, academia, researchers and policy analysts, to understand the
role of Australia’s forests in our society. SOFR 2008 was widely cited in Australia’s State of the
Environment Report 2011 and state and Australian Government parliamentary inquiries into forests
and forest industries.
As in previous SOFRs, the partnership between the NFISC, the MIG and the NFI team in ABARES is
a fundamental underpinning of the process to produce SOFR 2013. The partnership is crucial to the
success of the report across a number of aspects including governance arrangements, access to a
diverse range of state and territory datasets, contribution to the preparation and review of data and text,
and support for endorsement of the report.
A key tenet of the process to report on the state of Australia’s forests has been one of continuous
improvement. SOFR 2013 will uphold this principle across social, economic and ecological
parameters by presenting a number of datasets new to the SOFR reporting process, as well as
improvements in the interpretation and methodologies used to report against several indicators. SOFR
2013 will therefore continue to support Australia’s progress towards the conservation and sustainable
management of Australia’s forests.
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The move towards evidence-based practice and policy within public land management of natural
resources has been accompanied by an increasing recognition of the common goals and key
differences between the three distinct cultures of research, policy and practice. These key differences,
or ‘cultural gaps’, create barriers to using research evidence to develop practice interventions and
policy decisions that could more effectively benefit public land management. This paper synthesises
findings from a Victorian case study, the ‘Integrated Forest Ecosystem Research (IFER) Program’,
which may help other organisations and jurisdictions to close the cultural gaps and facilitate the use of
research within management of natural resources on public land.
The Department of Sustainability and Environment (DSE) has a long history of forest research
relationships with Melbourne University. In 2012, following a review of the existing research
relationship, DSE entered into a new evergreen IFER program with the university. The following
strategies will be discussed in this paper:
•
•
•
•
•

building relationships between the different cultures
building a shared understanding of the policy-making process and the role of scientific
evidence within that process—including clear roles and responsibilities
improving the presentation and dissemination of research findings
addressing barriers to research use by policy-makers and practitioners
understanding and accommodating the influence of environmental context.
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The value of Australia’s native forest timber
industry to the community
Blair Freeman and Andrew Morton
URS Forestry, URS Australia Pty Ltd, 1 Southbank Blvd, Southbank, Victoria
3006, Australia
Email: blair.freeman@urs.com

The management of Australia’s native forests for commercial timber production continues to operate
under a spotlight of intense scrutiny and political sensitivity. Notwithstanding the extensive body of
research and planning work, and regional agreements reflecting commitment to sustainable forest
management principles, the future of the native forest timber industry in most regions remain
uncertain. What’s at stake for the community?

Introduction
This paper presents some of our perspectives on key factors impacting on the value of the native forest
industry in Australia, and its contribution to the broader community.
It is important to recognise at the outset that Australia’s native forests, and the industries that they
support, provide a broad range of values—some of which are readily quantifiable, while others are less
tangible, though nonetheless important. These values include:
•

Wood products—Australia’s native forests produce a broad range of wood products, including
iconic high-value timbers—such as jarrah, Victorian ash, Tasmanian oak and blackbutt—for
timber floors, cabinetry and furniture, as well as high-strength and high-durability timbers for
structural purposes, and wood fibre that provides a valuable feedstock for our domestic pulp and
paper industry and export markets. Wood production underpins the socio-economic value of the
industry to the community.

•

Employment across forest management, harvesting, primary processing and secondary
manufacturing sectors—direct and indirect employment associated with the production and
marketing of wood products is a key driver of the socio-economic value of the industry.

•

Dependent communities—employment and economic activity generated by the native forest
industry in a range of regional centres and rural towns is vitally important for a diversified
economy, which provides resilience in these communities.

•

Environmental values—industry activity provides a basis for active management of productive
native forests, and this forest stewardship incorporates protection from pests and disease and the
maintenance of the long-term productive capacity of the estate, taking into consideration
catchment hydrology functions and forest carbon cycles.

•

Recreation values—production forests provide for a broad range of recreational activities,
including spiritual and amenity-related benefits, and also a range of activities that may not be
permitted in national parks (e.g. 4WD, hunting and fishing).

•

Forest roads—industry activity supports the development and maintenance of an extensive road
network through native forests, which enables access for a range of non-production activity
including environmental management, recreation and fire management.

•

Fire management—the native forest industry provides a significant level of fire-fighting
resources, including capability and know-how expertise, as well as infrastructure and equipment
that would not be so readily available if industry activity was diminished.
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Recognising this broader range of values, this paper seeks to focus principally on the socio-economic
value of the native forest industry—the current status, key trends, and the implications of these for the
future of the industry.

Current status of industry contribution to communities
What is the current value of Australia’s native forest industry, in socio-economic terms?
Unfortunately, the specific data to answer this question are not readily available. National data on
industry turnover and employment is collected by the Bureau of Statistics (ABS) and collated by
ABARES for reporting on the forest industry. However, neither ABS nor ABARES distinguish
between native-forest-based and plantation-based industry activity in their reporting on socioeconomic parameters, including turnover and employment.
Recent federal government reports refer to Australia’s forestry and forest product industries—
comprising both the native forest industry and the plantation industry—as contributing over $22 bn of
i
economic turnover each year and employing over 66 000 people in 2010/11 . This total employment
estimate is derived from the ABS labour force survey, which incorporates industry classifications
comprising forest management, logging, primary processing and a range of manufacturing activity.
The ABS also has an industry survey, from which ABARES derived a total employment estimate of
ii
87 000 for forest and wood products industries in 2009/10.
Dr Jacki Schirmer, whose extensive work on socio-economic assessments is well known, observed
recently, ‘generating employment estimates is an art as much as a science, with endless debate about
iii
which jobs should be counted as part of which industry’. The limitations of ABS categorisation of
forest and wood products industry sectors have been recognised previously. In 2009/10, URS was
engaged by the Australian Government to develop a Forestry Industry Database, to bring together the
available range of published data on industry employment and skills requirements. Using a repeatable
process incorporating ABS data and industry employment profiles, total employment in the forest and
iv
wood products industry was estimated to have been around 106 000 people in 2009.
The outcomes of this work, and extensive work by Dr Schirmer and other social researchers, have
highlighted the range of estimates that exist for levels of industry employment and associated
economic turnover. This range of estimates represents a risk for the industry, in that proponents and
opponents of the industry can pick the estimates that best suit their argument—and this can distract
attention from the important role of the native forest industry in supporting dependent communities
and families.
Returning, however, to the question of the socio-economic value of the native forest industry—in the
absence of specific national data, a range of studies completed at the state and regional level can be
brought together to provide a composite view. A summary of employment estimates presented in some
recent studies is presented in Table 1. These estimates encompass employment in the forest growing,
harvest and haulage and primary processing sectors, but exclude employment in secondary processing
(manufacturing), as well as craftwood and special species timber production and processing.
Table 1. State estimates of direct employment in the native forest industry
State
Year
Employment estimate
Data source
Victoria
2010
2770
Schirmer (2010)v
Tasmania
2011
1700
Schirmer (2011)vi
NSW
2012
3500
NSW Forest Products Association (2012)vii
WA
2012
1300
Dare and Schirmer (2012)viii
Source: Compiled by URS, based on the range of data sources cited. Note that estimates of direct employment
were not necessarily based on the same or comparable methodologies.
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These estimates of direct employment were made at different times over a three-year period, and are
not necessarily based on comparable methodologies. Furthermore, these estimates exclude
employment in Queensland, which has been transitioning away from native forest utilisation to a
plantation-based industry, although the native cypress pine industry has recently secured new longterm timber supply agreements, and private native forests continue to provide employment in
harvesting, sawmilling and downstream manufacturing and sales. Notwithstanding these limitations,
the estimates available suggest that current total direct employment in the native forest industry
(excluding secondary processing of hardwood timber in Australia) could be in the order of 10 000–
12 000 people.
The secondary-processing sector accounts for a
substantial additional component of total industry
employment. For example, a breakdown of employment
in Victoria’s entire forest industry (both native and
plantation) in 2010 is presented in Figure 1.
Employment was found to be concentrated in secondary
processing, which accounted for over 60% of the
industry’s workers in 2010. Primary processing
employed about 22% of workers, while services to
forestry (mainly harvest, haulage and silviculture)
employed 13% of workers. The tree growing and forest
management sector employs only 3% of the industry’s
workforce.
Estimates of employment multipliers for the native
forest industry vary considerably across a range of
studies completed, but are generally reported to be
Figure 1. Breakdown of employment in the
within the broad range of two to three (total multiplier,
ix
Victorian forest industry, 2010 (Source:
including induced effects, at the national scale) . On this
Schirmer 2010)
basis, the direct plus indirect employment arising from
the native forest industry currently (excluding secondary
processing) could be in the order of 20 000 to 30 000 people Australia-wide.
It is important to note that a substantial proportion of this employment resides in regional and rural
areas, and within industry-dependent communities, for which alternative sources of employment may
be limited. Employment in secondary processing would increase the total estimate substantially,
although much of this downstream manufacturing resides within metropolitan areas and large regional
centres.

Other socio-economic parameters
As noted earlier, neither ABS nor ABARES distinguish between native forest-based and plantationbased industry activity in their reporting on the value of industry turnover. Recent reports estimate the
total value of Australia’s wood product manufacturing in 2010/11 was around $22.3 bn (about 6% of
x
Australia’s total value of manufacturing activity in that year) , but the native forest industry
component of this value is not reported.
However, a breakdown of the gross value of log production is available. ABARES reported the gross
xi
value of broadleaved native logs delivered to the mill door (wharf gate) in 2010/11 was $460 m ;
which is about 25% of the gross value of all log production (hardwood and softwood) in Australia.
Using this as a rough proxy for the proportion of the entire forest product industries in Australia would
suggest the annual turnover for the native forest industry and downstream processing activity could be
in the order of $5 bn. This value represents more than double Australia’s current trade deficit in wood
and paper products.
By these measures, the native forest industry continues to make an important contribution to the
national economy; and a major contribution to a range of dependent communities.
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Key trends
Most within the native forest industry would be aware that its production levels and its socioeconomic contribution to the economy have been in long-term decline; and markedly so in the last
decade. This is evident in national hardwood production and consumption data, as well as employment
data presented in some state and regional studies.
Native hardwood sawlog production and hardwood sawn timber production have fallen over the past
10 years. This trend is strongly influenced by federal and state government policies on native forest
harvesting that have become increasingly restrictive. It is also due to declining competitiveness of the
native forest industry supply chain.
Since 2000/01, sawlog production volumes have fallen by about 37% and sawn timber production
volumes have fallen by 45% (Fig. 2). This has reduced the supply of hardwood sawn timber into the
Australian market and now other products, such as softwood sawn timbers and laminated veneer
lumber (LVL), are being used in applications previously occupied by native forest timbers.

Figure 2. Apparent consumption of hardwood timber in Australia, 1984/85–2010/11 (Source: ABARES 2012)

The decline in native forest sawlog production has been felt most notably in Victoria, NSW and WA,
and has led to a contraction of the native forest processing sector in these states (Fig. 3). The decline in
native forest harvesting across Australia has led to an overall decline in native pulplog harvesting
(Fig. 4). This decline has been most pronounced by reductions in harvesting in Tasmania, while native
forest pulplog harvest volumes in other states have remained relatively stable over the last decade.

Figure 3. Harvest of native forest sawlogs, by state
Source: ABARES (2012)

Figure 4. Harvest of native forest pulplogs, by state
Source: ABARES (2012)
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Employment data from a recent baseline study of the Tasmanian forest industry reflect the same
trends. Since 2006, employment in the native forest sector in Tasmania has dropped from around 3500
to less than 1700, a reduction of almost 49% (Fig. 5). Driving factors have included the reduction in
market demand for various forest products, and particularly native forest woodchip; the appreciation
of the Australian dollar (thereby a reduction in competitiveness with internationally-traded products),
and ongoing debate over the future of the Tasmanian forest industry. The scale of decline in forest
industry employment may not have been as large in other states; but the trends and driving factors can
be similar.

Figure 5. Employment in native forest and plantation sectors, Tasmania, 2006–2011 (Source: Schirmer 2011)

Key factors impacting industry competitiveness
The ongoing decline in industry production levels and associated employment suggests the native
forest industry is caught in a vicious cycle, which is eroding its socio-economic contribution to the
economy and dependent communities. A conceptual representation of this cycle and its key drivers is
presented in Figure 6.

Figure 6. Representation of vicious cycle impacting on native forest industry (Source: URS)

Within this cycle, various factors are contributing to lower levels of resource access and flexibility.
Loxton et al. (2012) noted the native forest industry’s access to publicly-owned native forests has been
progressively restricted by state and federal governments since the 1970s, when (among other factors)
xii
conservationists began high-profile campaigns to limit native forest harvesting. Restrictions in
various forms have followed anti-industry campaigning—campaigning to divert market preference
away from use of Australian native forest pulpwood (e.g. woodchips) and higher-value products (e.g.
veneer products), to limit the use of prime infrastructure (e.g. access to woodchip export ports in
Tasmania); and to constrain development of alternative markets for low-grade wood and residues (e.g.
bioenergy).
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Other factors contributing to lower levels of resource access and flexibility include increasing
production costs and major bushfires, such as those experienced in Victoria in recent years.
Increasing restrictions reduce flexibility in harvest planning and scheduling, which in turn leads to
higher forest management costs and delivery costs for all forest products. Reduced capacity to realise
sales of low-grade wood will increase costs (and reduce margins), for both low-grade wood and
higher-grade sawlogs and veneer logs. Increased costs and reduced margins across a range of products
generally lead to a competitive squeeze that is felt across the supply chain. This has been seen to lead
to lower capital reinvestment by enterprises within the supply chain. While this may reduce cash and
capital outlays and assist survival in the short term, it can lead to lower efficiency and ultimately lower
profitability in competitive markets. This outcome has been used by critics to argue for further
restrictions on the industry’s access to forest resources, which undermines the industry’s capacity to
realise sales; and the cycle continues.
Until interventions can be given effect, this cycle can be expected to further erode the value of the
native forest industry to communities across Australia.

Industry responses
The native forest industry has sought to respond to the competitive pressures within this cycle in a
number of ways. These include the following:
1. Increased commercial focus: Over the past decade, multiple state governments have sought to
strengthen forest management frameworks and facilitate a sharper commercial focus on timber
production from native forests. Most notably, this includes the establishment of the Forest
Products Commission in WA and VicForests in Victoria, as separate government businesses with
a clear commercial remit. Forestry Tasmania has operated as a Government Business Enterprise
since 1994 and is now working with the state government to clarify management arrangements
and reporting obligations for production forests. Meanwhile, the Forestry Corporation of NSW
was established in January this year, with its own board and new governance arrangements to
facilitate a sharper commercial focus and accountability for managing state forests and plantations.
• New governance and management arrangements introduced over this period have supported a
range of reform processes and initiatives designed to increase efficiency and competitiveness in
the native forest industry. These include introduction of competitive log tendering and auction
processes (notably in Victoria); further development of competitive tendering of harvest and
haulage contracts; and capacity to attract and secure direct international investment in new
processing systems (notably rotary veneer in Tasmania). It is beyond the scope of this paper to
assess the effectiveness of these reform processes and initiatives; but they represent major
developments to date.
2. Industry consolidation: While further consolidation of forest management units is largely
constrained by the state government ownership of native forests, there has been considerable
consolidation in the processing sector. ABARES estimated the total number of sawmills in
Australia in 2010–11 to be only 29% of the 1999–2000 population.xiii Over this period the number
of broadleaved sawmills, which continue to be dependent on the native forest resource, is
estimated to have fallen by 72%. This reduction occurred principally among smaller mills
(processing less than 3000 m3/year), the number of which declined by 85%. ABARES attributed
this trend to consolidation in the native broadleaved industry from the Regional Forest Agreement
(RFA) process between 1997 and 2001, and the resulting curtailment of native forest log supply.
It’s worth noting there has also been substantial consolidation in the timber retailing sector in
Australia in recent years. Super-hardware stores are now catering to the increasingly popular DIY
market with the proposition of low prices based on their buying power. Mitre 10 and Timber
Home & Hardware are long-standing examples of this type of store, but it is the expansion of
Bunnings and more recently Masters that stand to have the biggest impact on the processing
industry supply chain. The growth of large-volume customers is likely to improve the bargaining
position of these timber buyers. Where these companies also have extensive international
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procurement networks, they may be able to source alternative products from overseas at a
xiv
significantly reduced cost when compared to local products.
3. Product certification: Forest management certification systems have been introduced across
Australia to enhance the industry’s claim on sustainable practices, and thereby secure community
support and maintain access to forest resources. All state forest management agencies, or stateowned enterprises with the commercial remit for timber production, have adopted the Australian
Forestry Standard (AFS), which is recognised under the Programme for Endorsement of Forest
Certification (PEFC). AFS/PEFC forest management certification provides the basis for
downstream processors and timber merchants to sell the wood products with an AFS certification
label.
The constraint in this regard is that a range of environmental non-government organisations do not
support the AFS, and promote the requirement for Forest Stewardship Council (FSC) certification.
However, there has been considerable resistance from these same stakeholders to engaging in an
FSC certification program for native forest production areas in Australia.
4. Product specialisation: As overall hardwood sawn-timber production and consumption has
declined over the last two decades, there has been a shift in production from structural timber
products to a greater proportion of higher-value appearance- and durability-based products such as
flooring, decking and furniture. In NSW, over the period between 1995–96 and 2008–09, the
proportion of flooring products increased from about 22% to 48% of production (Fig. 7), albeit the
volume of flooring produced was relatively unchanged over this period. The proportion of total
structural products (green and dry) fell from approximately 53% to 23% over this same period.xv
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Figure 7. Estimated product outturn from hardwood forests, NSW, 1995–96 to 2008–09 (Source: Compiled by
URS using data from Forests NSW Supplementary Sustainability Indicator Data 2011–12, Forests NSW Annual
Report 2011/12)

5. At a national level the trend of shifting production from structural to appearance-grade products,
from all native-forest sawlogs, appears to have stabilised in the last five years, despite the decline
in overall production volume. ABARES sawmill survey data between 2007 and 2011 shows an
increased proportion of ‘Other’ grades—notably, an increase in the portion of sub-F8 grade
xvi
products such as pallets and battens—from 17% to 24%. This reflects that in some regions the
native forest industry has become more specialised, with some enterprises focusing on producing
greater proportions of low-grade material. These enterprises have sought to have adequate scale
and efficiency of operation to compete with low priced products.
6. Alternative markets for low-grade wood and industry residues: Over a considerable period of time
the industry has sought to develop alternative markets for low-grade wood and timber industry
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residues, to complement the access to domestic and export markets for woodchip fibre sales to
pulp and paper industries. The capacity to realise sales of low-grade wood and residues generally
has a significant impact on enterprise and industry profitability, by increasing the total value of
products harvested from each hectare, and in turn, reducing the unit costs of producing highervalue products.
The primary focus of this alternative market development has been the scope to develop bioenergy
or biofuel production However, the development of these markets in Australia has been limited,
primarily by policy settings at the state and federal levels that generally restrict the use of native
forest wood fibre for bioenergy production, by excluding its eligibility for recognition under
mandatory renewable energy targets. While many sawmills around Australia use some or all of
their wood fibre residues for their onsite energy and steam (drying) requirements, the potential for
increased use of native forest wood and industry residues for bioenergy and biofuels remains
considerably higher than current use.

Developing a climate for innovation
While these industry responses are significant, recent data on industry production levels, enterprise
profitability and employment all indicate that more needs to be done to support the long-term
sustainability of the industry.
With this objective, URS was engaged by the Victorian Association of Forest Industries (VAFI) and
the state government in 2012 to assist in identifying and mapping out investment and innovation
pathways in the Victorian hardwood processing industry. Specifically, the project sought to provide a
blueprint for processing enterprises and the broader industry to pursue options for innovation that will
address key profitability and growth challenges, and be a basis for an industry-wide coordinated
xvii
approach to innovation.
Central to this project and its outcomes was recognition of the need to develop a ‘climate for
innovation’. The climate is effectively an enabling framework, with multiple components. The USbased National Governors Association and the Pew Center on the States recently examined the
literature on the topic of innovation and identified four key components for an ‘innovative place’
xviii
(Fig. 8).
These components were described as:
• Expertise—new discoveries, new knowledge and new insights come from all people who are given
the resources necessary for success
• Interaction—face-to-face is still very important for the exchange of ideas and synergy that creates
new business models, marketing plans or products
• Diversity—ideas will only get better when they are
discussed openly and considered by a mix of people
with a variety of research fields, backgrounds,
approaches and mind-sets
• Application—ideas are useless unless used. The true
proof of their value is in commercialisation.
This framework developed by this study was used as a
foundation for development of a blueprint for innovation
in the Victorian hardwood processing industry. This
blueprint comprised industry-level and enterprise-level
priorities for action.
The three industry level priorities established through this
study comprise:

Figure 8. Conceptual framework for
effective innovation (Source: National
Governors Association 2007)

1. Developing

an industry-wide coordinated
approach to innovation—As part of this industry-
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wide coordinated approach, it was proposed the industry commit to exploring between one and
three options for industry innovation in the short term. Further, it was proposed the industry
should identify current and potential sources of ideas for innovation using a disciplined,
collaborative process involving a range of participants such as local industry, scientific and
technical experts both familiar and unfamiliar to the industry, and people from the forest products
industry outside either Victoria or Australia.

Strengthening the industry’s ‘social-licence’ to operate—The blueprint recognises that
the long-term success of the industry requires support from the community and government.
The industry will be able to make significant investments into improving its productivity and
product offerings only if it enjoys such community and political support. This requires
engaging with those ENGOs that criticise the industry, and who are key drivers not only of
public opinion about the legitimacy of native forest harvesting, but increasingly are also
brokers of access to markets and to the finance needed to convert innovative ideas into new
realities for the industry.

Identifying opportunities for improving the climate for innovation within the
hardwood processing industry—The blueprint recognises that while there is an appetite for
innovation across the industry, there a critical need to improve the understanding of, and the
climate for, innovation in its various forms. The blueprint recommends specific interaction
between relevant agencies and organisations on the range of relevant services that they offer,
including research initiatives and broader government grant programs.
Three enterprise level priorities were proposed, comprising:
1. The need for undertaking a business review—The study for VAFI identified a range of options
for enterprises to consider for improving competitiveness. The blueprint recognised, as part of any
process to improve a business’s competitive position, that due consideration should be given to the
fundamentals of business management such as strategy, human resources, financial management
and marketing.
2. Participation in the industry’s coordinated approach to innovation—The blueprint
recommends that enterprises should take part in any co-ordinated approaches that are developed.
This will not only serve to assist with improving the competitiveness of the industry as a whole
but will improve an enterprise’s understanding of innovation, offer important networking
opportunities and deliver ideas for innovation.
3. Development of a structured approach to identifying, analysing and implementing
innovation (product, process or business) within the enterprise—The most appropriate way
for an enterprise to assess ideas for innovation is to have an effective ‘idea system’ complemented
by a structured approach to identifying, analysing and implementing innovation. This structured
approach may comprise a series of decision- point ‘gates’, relating to discovery, scoping, building
a business case, product/service development, testing and validation, and launch.

A view of the future
What of the future for Australia’s native forest industry?
We consider there is scope for a robust industry to continue producing a range of valuable wood
products that are competitive in national and international markets. This view is underpinned by the
expectation of outcomes from ongoing processes that include cost-effective implementation of reforms
in forest management and log delivery to industry; further industry consolidation; and improved
targeting and supply to markets for higher-value, appearance-grade and durability-based products such
as flooring, decking and furniture.
In addition, and perhaps most importantly, the industry needs to more effectively engage with those
stakeholder groups that have significant influence over both community acceptance and market
acceptance of timber production in native forests—notably, the leading environmental nongovernment organisations with interests in the Australian native forest industry.
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The industry has sought to engage with its critics in a range of ways and over a period of many years.
It should be noted here that the Institute of Foresters of Australia has been at the forefront of the
industry’s efforts over this period, through land use reviews, CRA and RFA processes, the
development of certification standards, and a protracted series of reasoned argument and related
debates. However, it is clear that more needs to be done to better engage with those stakeholders that
can work effectively with industry towards mutually acceptable outcomes. Through the further
development of an effective roundtable with key stakeholders, with agreed standards for forest
management certification, or other means—increased ENGO support and community support is
critical to the industry’s future.
Increased community support is expected to underpin ongoing government support of the industry.
This government support is envisaged as honouring existing state and federal agreements that
underpin industry activity, including RFAs and agreed forest management plans that designate
production areas. Further government support would ideally include review of the scope for use of
low-grade wood and industry wood-fibre residues for bioenergy—the endorsement of which would
provide a substantial fillip for industry development and economic development.
An industry-wide coordinated approach to facilitating innovation is also critical in our view. Without
dedicated investment in an enabling framework at the industry level, the future of the industry will be
dependent (and most likely too heavily reliant) on individual enterprises for the innovation required to
remain competitive in national and international markets.
On the basis of these assumptions about critical components, we consider the native forest industry
can continue to support resilience at a community level, primarily through diversification of
employment. The industry may no longer be the major employer in some regions and major centres
where it once was—however, it can continue to contribute and support resilience to changes across
other sectors.
Furthermore, we see it is vitally important for Australia to maintain industry capacity at viable level. If
capacity can be maintained, it will enable the industry and associated communities to respond to both
positive and negative changes over time. If capacity is lost, then it can be very difficult to rebuild, with
no base to respond to the opportunities as they emerge over time.
Australia’s native forest timber industry has a long and proud history, and has responded to a range of
challenges and disruptive shifts over this time. It has responded to major bushfires, cyclical housing
and construction markets, new processing technologies, the emergence of a range of competitive
products for structural hardwood timber applications,; and the opportunities and threats relating to a
low-carbon economy. On the strength of this history and tenacity, there should be optimism that the
native forest industry can continue to make an important socio-economic contribution to the economy
and dependent communities.
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Abstract
National and state-wide forest monitoring programs represent a fundamental source of data and knowledge
for forestry and environmental policy. Moving into the 21st century, the scrutiny of policy development
informed by data will only increase. Forest monitoring data can be used to derive forest statistics at many
levels. The validity of these statistics is contingent on a representative sampling design that minimises
sampling error and a data quality process that limits additional sources of error.
This case study firstly summarises the Quality Assurance procedures adopted within the Victorian Forest
Monitoring Program. Errors are controlled by using standardised definitions, documenting standard
operating procedures, establishing tolerance limits and regular field crew training. Auditing and data
processing helps to identify issues, and corrective actions are applied to modify field techniques. Database
validation and relationship rules ensure data integrity of the long-term data set. Secondly, we present
preliminary results for audits to June 2012. Finally we discuss the data quality issues identified and the
quality assurance challenges for the Victorian Forest Monitoring Program.

Introduction
Increasing public recognition of the environmental, economic, social and cultural significance of forest
ecosystems at various scales is driving the need for forest monitoring programs to provide reliable
information on the trends in the status and condition of forest resources. Monitoring programs play a critical
role in providing information that is relevant and required for national-level decision-making (Cunia 1978)
and providing decision-makers the necessary perspective and evidence base for implementing effective
forest management policies and programs.
Forest monitoring may be defined as the systematic measurement of forest variables and processes over time,
for a specific purpose. Monitoring may be undertaken for a variety of reasons, for example to provide basic
understanding about systems and processes; to ensure that standards are complied with (e.g. code of practices
for timber harvesting); to assess the effect of management decisions; to provide an early warning of
environmental changes; or to establish a baseline against which changes may be compared. In order to be
useful for decision-makers, forest monitoring data in its raw form must be analysed and interpreted. The ease
with which this can be done (or even whether it is possible) is strongly dependent on the way the data is
collected, organised, summarised and interpreted (Busch and Trexler 2003). Good quality, accessible
information is therefore critical to the success of monitoring programs.
The comprehensive definition and implementation of systematic procedures is essential across all aspects of
a forest monitoring program. These procedures may be applied at different stages of the project, such as
planning to ensure that the project is correctly designed, that the user specifications are addressed, and that a
coherent information flow is organised; data processing (including data quality evaluation and validation);
and testing, in which the quality of the results are statistically evaluated (Ferretti et al. 2009). More generally
the systematic procedures can be separated into those of Quality Assurance (QA) and of Quality Control
(QC).
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The distinction between QA and QC is not always without ambiguity. In general terms, QA refers to
systematic processes applied to assess the adherence of the product or service to specified requirements (ISO
2005). With respect to data collected from forest monitoring programs, QA focuses on eliminating errors and
reducing uncertainty before data are transferred to a final database. By contrast, QC is concerned with the
adherence to quality criteria or user requirements of the data stored in the final database. From the point of
view of the person supplying inventory data for a database, the task performed during data validation may
appear as QC (controlling the quality of their submitted data). However, under the objective of producing a
database, the validation procedures applied are procedures of QA, leading to a product (i.e. a database of
validated data).
Optimal sampling design is a critical element of any forest monitoring project. A variety of sampling design
alternatives exist (e.g. simple random, systematic, stratified and two-phase), the selection of which is
influenced by technical and financial constraints, variability of the target population and the availability of
auxiliary data sources and information (Köhl et al. 2011). A detailed description of sample design aspects is
beyond the scope of this paper, further information about which can be found in Gillis (2001), Bechtold and
Patterson (2005) and McRoberts et al. (2005). Here we focus on the broad QA aspects of data collection
error prevention, data quality assessment and appraisal, and overall system correction in a long-term forest
monitoring program.
Challenges for data collection error prevention
Data collection error prevention is primarily a planning process, concerned with developing and
documenting standards to achieve a consistent approach to measurement across space and time. In
developing forest monitoring programs, iterative testing of standards is often required to clarify
unanticipated or unusual situations. The time required (i.e. months to years) to produce a comprehensive set
of standards applicable to all situations can introduce inconsistency into the early data. In the long term,
preference should be given to data collection error prevention over quality assurance methods that occur after
the data is collected, as this element has the greatest potential to influence data quality and reduce costs for a
forest monitoring program. Unfortunately the impact of data collection error prevention is both difficult to
quantify and difficult to justify compared to other more tangible elements in the QA system, so it is often
overlooked.
Challenges for data assessment and appraisal
The application of assessment and appraisal to forest monitoring data is the process of detecting
inconsistencies in the data and correcting (or removing) corrupt or inaccurate records, to improve the quality
of data used in scientific evaluation. The procedures applied cover both data validation (evaluation at system
entry time) and data cleansing (applied to an existing dataset). Given the challenges involved in collecting
and maintaining large data sets over long time-frames it is inevitable that errors will occur. These errors can
be characterised as missing data, inconsistent data and incorrect data and can arise from a number of sources.
Examples include poor alignment when bringing together data from different sources; lack of adequate
metadata rendering the data useless; introduced name changes (e.g. species taxonomy, place names); errors
in recording, transcription or importing; equipment malfunction; or misjudgement on the part of the assessor
(e.g. wrong species identification). A good data validation procedure will have a variety of methods for
discovering inconsistencies and preventing erroneous information from entering the final database.
Challenges for overall system correction
Overall system correction is the continuous improvement of processes, based on evaluation of the program
and application of learning outcomes. Given a temperate climate in Victoria, forest monitoring data is able to
be collected year round, in effect limiting the time available for program review. System review and
implementation of changes must occur concurrently with the management and preparation of the field
measurement program and data collection events. Objective critical review is also challenged when
personnel are invested in the success of the existing program. Engaging a panel of external experts will
achieve an unbiased view of the overall system and independent recommendations for improvement.
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QA procedures in a large-area forest monitoring program:
the Victorian Forest Monitoring Program
One large-area forest monitoring program for which a QA system has been implemented is the collection of
data to support sustainable forest management within Victoria.
Program background
The State of Victoria has a high degree of topographic and vegetation diversity. Covering an area of about
237,629 km2, Victoria was previously almost 90% forested (Woodgate and Black 1988). Since European
settlement in the 1830s, more than 60% (14 million hectares) of forest land has been cleared, making it
proportionally the most cleared of all Australian states (Bradshaw 2012). The period of most severe
deforestation was between 1830 and 1880. Principal causes were agricultural clearing and settlement
development by the early European settlers and the 1850s gold rush creating a boom in Victoria’s
population, which significantly increased pressure on the remaining areas of forest. Today, most of the
remaining native forests in Victoria are on public land in state forests or protected areas.
Victoria’s public forests are currently managed for wood production and the provision of non-wood
production values including recreation, water and biological and landscape diversity. Since these forests
provide many functions there is a need to monitor their sustainable management and to understand the causes
of change. At the time of publication, the Victorian Department of Sustainability and Environment (DSE) is
the agency responsible for the sustainable management of public land in Victoria, including the public forest
estate. As a consequence, DSE engages in a number of processes to monitor the sustainability of Victoria’s
forests. These include Victoria’s State of the Forests Report (produced every five years), the Sustainability
Charter for Victoria’s State Forests (DSE 2006) and associated Criteria and Indicators for Sustainable
Forest Management in Victoria (DSE 2007). These reporting mechanisms are designed to enable Victoria to
critically assess and evaluate progress towards achieving its Sustainable Forest Management (SFM)
objectives and targets. The State of the Forests Report seeks to include all forest land tenures in Victoria.
In 2009, DSE initiated the Victorian Forest Monitoring Program (VFMP) to support the State of the Forests
Report. The main objectives of the VFMP are the following:
•
•
•
•
•

to improve knowledge of environmental state and ecosystem services
to understand interactions between forests and their natural and socioeconomic environment
to identify, monitor and report on potentially harmful impacts and threats
to evaluate progress and co-ordination of DSE forest relevant policies
to report on SFM and specific policy objectives according to state and national environmental
agreements.

Monitoring features
Large-scale variations of forest extent, state and condition are assessed through the VFMP. The system
incorporates three tiers of data: ground-based inventory, high-resolution aerial photography and state-wide
satellite imagery to monitor a wide range of features. A stratified systematic sample design was applied to
two public land tenures of state forests or parks and conservation reserves, and the 11 Victorian Bioregions
based on the Interim Biogeographic Regionalisation for Australia (IBRA) (Environmental Resources
Information Network 2012). The design identified 30–50 locations (sample points) per strata and a total of
786 locations for ground-based inventory and aerial photography interpretation (see Fig. 1) across Victoria.
At each location a range of features are monitored including:
•
•
•
•
•
•

a Large Tree Plot (0.04 ha) for trees >10 cm DBHOB
a Small Tree Plot (0.05 ha) for trees <10 cm DBHOB
12 Understorey Vegetation Quadrats
a Coarse Woody Debris Plot (0.04 ha) for wood pieces >10 cm diameter)
4 quadrats for soil and litter sample collection
an Aerial Photoplot (2 × 2 km).

Several QA measures have been implemented to address the problems caused by the complexity and
longevity of the project, and to minimise and deal with data errors. These have been classified into
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prevention, assessment and appraisal, and correction activities. Since the cost of correcting errors tends to
increase as we move along the information chain from collection to storage and analysis (Chapman 2005;
Fancy et al. 2009), emphasis is placed on preventative activities.. These QA measures are outlined in the
following sections.
VMFP Preventative QA management procedures
The VFMP has implemented a number of activities in an attempt to ensure that good data is collected before
the data collection begins. These include:
•
•
•
•
•

developing standardised definitions;
developing standardised operating procedures;
documenting field methods;
establishing data tolerance limits; and
using calibration techniques.

Standardised definitions
Standardised definitions have been developed for all aspects of the ground plot design. These definitions
focus on data collection detection standards, not specific procedures. When developing the definitions,
flexibility in method selection is permitted as long as the selected method meets the minimum detection
standards and measurement quality objectives.

Standardised operating procedures (SOP)
Standard Operating Procedures have been developed for all field data collection methods. These SOPs are
available on request and some are published online at http://www.dse.vic.gov.au/forests/managing-ourforests/forest-sustainability/victorian-forest-monitoring-program for increased program transparency. The
procedures include describing the scope and purpose of the measurement system; clear assignment of
responsibilities; listing necessary equipment and skills; calibration or maintenance procedures; steps to
collect the data; reporting units and codes; measurement quality objectives; and data quality estimates.

Figure 1. Victorian forest monitoring program sample point locations
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Documenting field methods
All standard operating procedures are version-controlled within the program. This is an essential part of the
QA process. Documentation of current procedures provides for a complete understanding of the
measurement process in place and can be used by field staff as a reference document during data collection.
Understanding the measurement process facilitates designing an effective and efficient QA program.
Previous procedures are archived in a way which enables data from previous years to be interpreted with the
appropriate method. This version control approach promotes consistency within the program, even with
inevitable changes in personnel.

Data tolerance limits
Data tolerance limits, clearly defining the precision of key measurement processes with the monitoring
program, have been identified. The limits are categorised as either critical pass/fail limits or attributed points,
which then accumulate and trigger a corrective action. Tolerance limits were based on the relative
importance of the data, outcomes of a tolerance trial, and experience. Repetition of field measurements by
different observers across two different ecosystems formed the basis of the 2010 trial, helping to identify
limits in a Victorian native forest context. Data tolerance limits are necessary for developing an effective
calibration and training program. Table 1 provides a summary of the current data tolerance limits for the
2012–2013 measurement season.

Calibration techniques
The specific activities of calibration within the program include developing field guides and conducting
training sessions and workshops. Training and certification ensure that field crew personnel have the
necessary skills to meet the measurement quality objectives. Formal training is undertaken annually over two
days, to improve and update field techniques and standardise practices. Throughout the year, field crew are
also observed practicing the methodology and the acquisition of basic skills is evaluated, certified and
documented for all new field crew members.
VMFP assessment and appraisal QA management procedures
The guiding principle of the QA assessment and appraisal procedures is to identify the probability that
measurements are valid rather than correct. These procedures are used to evaluate and document existing
data quality. This is achieved through auditing and data verification, and data validation and certification (i.e.
that the data meets the Standard Operating Procedures).

Auditing
In the VFMP a minimum of 8% of plots are targeted for field auditing annually, at a rate of 2% hot audits, 3–
4% cold audits, 2–3% blind audits. Audits types are differentiated by the presence of the field crew, the
availability of first measurement data, and the type of plot involved (training or standard) as described in
Table 2. Blind audits are carried out without data and crew present and then assessed against the QA
standards using the first measure data to confirm that the auditor is not in error. Audits are randomly selected
across each plot working group (defined as <40 plots in a similar geographic location released for
measurement in one financial year). Audits are conducted as soon as possible after the initial plot
measurement—preferably within two weeks—to reduce error associated with seasonality or tree growth.
Twenty audits, conducted between July 2011 and June 2012, are discussed in the results section below.

Data validation and certification
Further quality control is achieved through validation and certification of all VFMP data. Specific
recommendations have been implemented with respect to the management of missing data and the use of
zero entries for measurements. Rules have been developed to address instances of:
•
•
•

measured, but outside field specifications
measured, but below limits of detection for instrument
absence of measurement.

To deal with ambiguities and errors in the data values, a three-stage checking process is
recommended for validation of the submitted data files before inclusion in the final database. These
stages are termed compliance, conformity and uniformity (refer Table 3).
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Table 1. Data tolerance limits for the 2012–2013 measurement season. Errors are listed by plot type and the order in
which they are audited
Error

Tolerance

Points

Error

Tolerance

Points

0 for ≤25,
1 for >25

20

Large Trees continued...

Event and Location details
Site safety survey

5/error

Access town details

0.5/error

Vehicle navigation details

1 / error

Access Point description

0.5/error

Large-tree count
Large-tree numbering

1/error

Large-tree status

1/error

Access Point coordinates

<10 m unprocessed 0.5

Large dead-tree decay class

±1 class

1/error

Reference Point (RP)
coordinates

<10 m unprocessed 0.5

Large live-tree species

≤ 1 error
per plot

20

Sample point coordinates

<10 m unprocessed 3

Large live-tree crown class

±1 class

1/error

RP to sample point location
(SPL) distance and bearing

±1 m dist, ±5°
bearing

1

Large live-tree
characteristics

SPL offset details

±0.5 m dist, ±5°
bearing

1

Large live-tree DBH

Witness tree location

±4% dist
±2°bearing

1/error

Scorch presence (fire only)

Witness tree description

1 cm <30 cm DBH, 1/error
3 cm >30

Witness tree species ID

5/error

Physical and Biotic characteristics
Sample Point slope

±2°

1

Sample Point aspect

±10°

1

Sample Point topography

± one class

1

Sample Point water presence

1

Sample Point disturbance
details

1

Sample Point sketch map
details

±20% features
different

2

Sample Point sketch map details

±20% features
different

2

Small Trees

Small tree live species ID

5/error

Small tree live count

±15%

10

Small tree dead count

±15%

10

Vegetation quadrat ground
cover

±10%

±10% <50cm DBH,
±15% >50

10/error
1/error

±10%

2

Height tree selection

2

Number of height trees

2

Tree heights

±15% <50m, ±20%
>50m

20

Scorch height (fire only)

±15% <50m, ±20%
>50m

0.5/error

Rough bark height (fire only) ±15% <50m, ±20%
>50m

0.5/error

Epicormics

±10%

0.5/error

Proportion of dieback

±10%

0.5/error

Length of dead top

±2 m

0.5/error

Proportion of defoliation

±10%

0.5/error

Canopy density

± 15%

0.5/error

Crown clumping

± one class

0.5/error

Crown discolouration

±10%

0.5/error

Crown position

0.5/error

Coarse Woody Debris
CWD piece number

± 10%

2/error

CWD decay class rating

± one class

1/error

3/error

Scorch class (fire only)

± one class

1/error

3/error

CWD total length per class

±10% length

1

Slash heap measurement

±15% of volume

3/error

Slash heap decay class

± one class

1/error

Stump count

± 10%

1

Vegetation Quadrats

Vegetation quadrat species ID

Canopy cover

1/error

Soils

Soil pit location

±5°, ±0.5 m

1

Sampling quadrat location

±5°, ±0.5 m

1

Stump measurement

1/error

Large Trees

Plot size

5
Continued next column
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Table 2. Summary of audit types
Audit type

Field crew
Field crew
Comment
present measurements available

Hot Audit

Yes

Yes

Training plot only

Exit Audit

Yes

Yes

To assess readiness for certification

Cold Audit

No

Yes

Blind Audit

No

No

After data collection—assign pass/fail as per cold audits

Table 3. Compliance, conformity and uniformity checks
Order Stage

Check type

Example

1

Compliance

Format and type File names
Correct files submitted
Field widths
Data types
Codes
Referential integrity

2

Conformity

Values

Single parameter range tests (values outside expected range—e.g. very
tall trees)
Multiple parameter range tests (unexpected combinations of values—
e.g. diameter compared to height)
Temporal progression (unexpected development of parameter—e.g.
DBHOB shrinkage)
Temporal consistency (some things should not change over time; e.g.
species)

3

Uniformity

Comparability

Spatial integrity (unexpected differences over space; e.g. comparison
between plots at tenure borders)

Each stage is conceptually different, sequential and targeted at identifying specific types of erroneous
measurements. Compliance checks ensure that the data are in the correct format and type to be
imported into the system. The data can not be processed further until outstanding errors are resolved.
Conformity checks aim to identify errors in the data values. Checks are made on a plot basis and are
more likely to be warning messages rather than errors as it becomes more difficult to detect values that
are clearly erroneous. Uniformity checks make comparative checks between plots, usually in the form
of maps, and constitute a first step in data evaluation. Given the preceding checks undertaken, it is
unlikely that any data will be flagged as erroneous in this final stage.
These processes have been improved through the application of technology to office data checking.
Since July 2012 the VFMP data has been stored within an SQL server database (Fig. 2).
Further improvement in data validation is expected with the development of an electronic data-capture
tool. The tool will prevent systematic errors and incomplete data gathering in the field, and allow
upload of field data to a centralised database closer to the time of measurement.
VMFP correction QA management procedures
Correction describes the general process of using the information from assessment and appraisal to
improve the system processes and procedures. It is applied throughout the year and can include
communication of audit results to the field crew, additional training, partial re-measurement or full remeasurement of a plot.
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Figure 2. Data model for the VFMP database

Key tools for correction are:
•
•
•
•

annual training workshop
post-field debrief
Corrective Action Register
annual Expert Panel Review.

Annual training workshop
A two-day annual group training workshop is held to instruct and update field crew personnel on the
specific field methodology and provide an opportunity for practicing the methodology. All contractors
working in the field during the measurement season are required to attend. Topics covered include a
summary of the past measurement season, program outlook, a review of existing or new Standard
Operating Procedures, clarifications from audits and data checks, and summary of audit results.

Post-field debrief
Following a field tour the measurement team prepares a report that enumerates which plots were
completed, describes any logistic difficulties that arose and explains how issues were addressed. The
report includes any interesting observations and provides suggestions for improving the training or
Standard Operating Procedures for the future. These reports become part of the metadata associated
with each plot and are archived for future data interpretation and to inform scheduling.

Corrective Action Register
A Corrective Action Register has been established to document issues, risks and corrective action. The
issues included in the register range from a response to private-land access issues, communication
requirements to meet minimum occupational health and safety, and systematic errors identified in data
collection. The corrective action register takes a risk-based approach to issues by identifying the
likelihood, consequence and risk rating before and after the corrective action.
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Expert Panel review
The monitoring program is supported by a three-member expert panel—highly experienced scientists
from across fields of forestry, forest monitoring and statistics, with strong quantitative data analysis
expertise. The expert panel provides peer review and guidance on important technical aspects of the
monitoring project. Through an annual workshop, the panel reviews sampling and analysis methods,
and provides recommendations for improvement and, as such, provides a mechanism for corrective
action on key components of the monitoring project.

Preliminary results
The preliminary audit results for 2011–2012 have provided an early warning of potential data-quality
issues for the VFMP. In 2011–2012 hot, cold and blind audits were conducted at 20 sites and a
considerable number of below-standard measurements were identified. Examples of errors at the plot
level include those related to vehicle navigation directions; incorrect selection of plot slope-adjusted
radius; witness trees located too close to the plot centre; assessed disturbance not within the 5-year
time frame, incorrect identification of aspect, and incorrect coarse woody debris volume. Other errors
observed but not quantified were contamination of litter samples, missing data and identification of
plot location. Table 4 summarises the percentage of plot-level statistics from the audits that are within
the specified tolerance level.
The key areas where errors arose at the individual-tree level were tree heights (especially for leaning
trees), large live-tree count, species identification and small-tree count. Blind-audit data are used to
examine these errors in the section below.
A higher level of error is expected in the initial development phase of any forest monitoring program
as standard operating procedures are tested and field crews become more skilled in measurement
techniques. Improvement in the data quality of the VFMP is expected, and moderate improvement has
already been observed in the audit program during 2012–2013.

Blind audits
Blind auditing as a component of the QA system has two functions: to quantify uncertainty over the
long term and to establish or confirm appropriateness of tolerance limits. Whilst not novel in a global
setting (e.g. Kitahara et al. 2009), blind-audit techniques are used sparingly in Australian forestry
settings. Blind audits are completed without the field crew present and independently of previouslycollected data. Six blind audits were undertaken in 2011–2012, from 14 days to 171 days after the first
measurement.
A measure of uncertainty is derived by calculating the deviation of first measure from the audit results.
For simplicity we assume that audit data is correct and standardise the first measure against this value.
Generally, site description such as topographic position, presence of surface water, slope and aspect
could be established within tolerances. Errors were identified in the Large Tree Plot, Small Tree Plot
and Vegetation Quadrats. There were only four Large Tree Plots with trees present and a total of 77
trees identified in the audit. An additional 8 trees (10% of the audit total) were identified by the audit.
The species of 7% of blind audit trees were incorrectly identified, but this represents only two
misidentifications of the 78 large tree species so far identified in the VFMP. Table 5 further
summarises the plot variables in relation to existing tolerance levels.
At the individual tree level, deviations between first measure and audit diameters at breast height over
bark were within the tolerance limit for 97% of measurements (Fig. 3). Only two plots had diameters
outside the tolerance level. Deviations between first measure and audit heights were within the
tolerance limit for 90% of measurements (Fig. 4).
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Table 4. Summary of tolerance levels by error type and the fraction of plots that are within the tolerance level
for 2011–2012
No. plots
Fraction
outside
within
tolerance tolerance (%)

Points

No. plots
audited

5/error

20

0

100

Access town details

0.5/error

20

0

100

Vehicle navigation details

1 / error

20

6

70

Access point description

0.5/error

20

1

95

Error

Tolerance

Site safety survey

Access point coordinates

<10 m unprocessed

0.5

17

2

88

Reference point coordinates

<10 m unprocessed

0.5

16

2

88

Sample point coordinates

<10 m unprocessed

3

16

1

94

RP to SPL distance and bearing

±1 m dist, ±5° bearing

1

20

3

85

SPL offset details

±0.5 m dist, ±5° bearing

1

18

0

100

Witness tree location

±4% dist, ±2°bearing

1/error

20

5

75

Witness tree description

1 cm <30 cm DBH and
3 cm >30

1/error

20

2

90

5/error

20

2

90

Witness tree species ID
Sample point slope

±2°

1

20

1

95

Sample point aspect

±10°

1

20

6

70

Sample point topography

± one class

1

20

2

90

Sample point water presence

1

20

0

100

Sample point disturbance details

1

20

5

75

Sample point sketch map details ±20% features different

2

20

1

95

Soil pit location

±5°, ±0.5m

1

19

0

100

Sampling quadrat location

±5°, ±0.5m

1

19

1

95

5

20

2

90

2/error

17

3

82

1

17

5

71

Plot size
CWD piece number

± 10%

CWD total length per class

±10% length

Slash heap measurement

±15% of volume

3/error

18

1

94

Slash heap decay class

± one class

1/error

18

0

100

Stump count

±10%

1

19

7

63

1/error

18

5

72

Stump measurement
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Table 5. Plot level descriptive statistics in relation to tolerance levels. (9) = value is less than tolerance level,
(8) = value exceeds tolerance level, 0 = no trees present at first measure and audit and nm = plot component not
measured in blind audit.
Sample point location
Variable

Tolerance limit

Plot
count

Fraction
of plots
within
tolerance
(%)

1

2

3

4

5

6

5

0

9

9

9

9

nm

100

Large-tree live species ID 1 tree plot

5

0

9

9

8

9

nm

80

Small-tree dead count

15%

5

8

9

0

0

8

nm

60

Small-tree live count

15%

5

9

8

0

0

9

nm

80

Understorey vegetation
species count

Not set—
suggested as 20%

6

8

8

9

9

8

8

33

Large tree count

0 for< 25, 1 for
>=25 trees in LTP

Figure 3. Tree-level deviation of first-measure diameter from the audited diameter, expressed as a percentage of
the audited value. The tolerance limit is 10% of the diameter for trees less than 50 cm (solid line) and 15% for
trees greater than 50 cm (dashed line). Two trees were outside their expected tolerance range of 10%.
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Figure 4. Tree-level deviations of first-measure height from the audited height, expressed as a percentage of the
audited value. The tolerance limit is 15% for trees less than 50 m (solid line) and 20% for trees greater than 50 m
(dashed line). Two trees were outside the expected tolerance range of 15%.

Blind audit data can be used to develop confidence intervals for forest descriptors, which can then be
applied to state-wide estimates. However, a larger number of completed blind audits are recommended
to ensure a representative sample. The blind audit data that this paper is based on is more than six
months old from the beginning of the VFMP data collection phase and as a result, may be more prone
to error. No further conclusions are possible until additional blind audit data is available. Scheduled
re-measurement of 10% of plots (within 11 months and 13 months of the first measure) and an
increase in the number of blind audits (completed closer to the date of first measurement) will aid in
developing more robust estimates of measurement uncertainty. On completion of the 2012–2013 audit
program (including blind audits), the level of uncertainty and the validity of the program will be
reassessed.

Discussion
Given the size of the VFMP, the implementation of a structured approach to managing procedures and
data such as that described above is essential. The QA system has significantly increased the quality of
the data entering the final database. The fraction of surveys passing the conformity checks after the
first round of validation has increased substantially over the last two years, implying that as field
personnel are more aware of the status of their data they made more effort to ensure they passed the
checks before submission. Further opportunities were then given to resubmit data that had failed the
first round of checks in order to maximise the amount of fully-validated data in the database. The
concepts of staged validation procedures in the form of checking compliance, conformity and
uniformity have proved useful and are now also being employed within a post-fire recovery
monitoring program within Victoria.
One of the main challenges the VFMP QA system had to address was the separation of the database
design from field data recording specifications. The pre-defined formats in which data had to be
submitted contained large amounts of data redundancy, ambiguous links between tables, and formats
that sometimes did not allow data to be recorded correctly. In some cases the formats had to be
changed to allow data to be stored centrally. Integrating additional expertise on database design at the
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time when the sampling procedures were specified could have prevented subsequent amendments and
helped to improve data quality at the source. This underlines the need to involve information managers
at the system-design stage.
Whilst the strictly linear procedure for validating the data employed by the VFMP is relatively simple,
it can be costly and time consuming. Data can repeatedly fail checks and every resubmission of data
requires a full reprocessing to ensure that new inconsistencies have not been introduced as a result of
the corrections. There may be a considerable time lag between when the measurement is recorded and
when it is identified as an error, for example when temporal comparisons show discrepancies between
current and previous years’ data. This means that the process sometimes becomes quite lengthy before
the final validated data are available, which can be at odds with the contractual arrangements where
inventory contractor payments are linked to data quality, timely reporting and fast access to
information.
Whilst the checks can identify impossible values and many unusual ones, there are also limitations to
what can be isolated. The checks may detect an anomalous difference between two values recorded for
a parameter at two different dates, but they cannot compute which of them is erroneous. Submitted
values that do not conform to the standards (e.g. using different units) or that have been collected
using a different protocol may not be detected unless they result in values outside the expected ranges.
Even parameters submitted in the wrong position in the file but recorded according to the format
specifications for that parameter will only generate errors if the normal ranges of the elements are
significantly different from each other. There is a trade-off between setting the range limits so wide
that erroneous values may pass without comment, and so narrow that too many warnings are
generated. It is likely that, over time, the blind audits will provide meaningful data to support range
limits tailored to local conditions that will screen the data for implausible values or more subtle bias
before they are submitted to the final database. The range checks are still relatively simple—for
example they do not incorporate seasonal/geographical constraints, because the increased complexity
of the checks is not sufficiently warranted by the small gains in the number of erroneous values
detected. Finally, it is also worth remembering that even when the data have passed all the checks it
cannot be assumed that they are therefore correct. Rather, the data validation has reduced the
probability of including erroneous values in the final database and the QA procedures provide a
consistent and transparent methodology on how the data were processed and managed.
The QA procedures specify that all management and data validation procedures are documented and
published. The monitoring program underwent several enlargements not only in the number of surveys
monitored, but also in the parameters sampled within a survey. These fluctuations require detailed
records of the changes and regular up-dates of the documents.
This evolution of the VFMP is to some degree at odds with the modern concept for long-term
monitoring programs, which require the aims of the program to be clarified at the start to ensure data
collected is relevant, represents the population of interest and fits the conceptual and statistical
requirements for detecting status and trends (Legg and Nagy 2006). The three questions ‘Why
monitor?’, ‘What should be monitored?’ and ‘How should monitoring be carried out?’ should all be
clear (Yoccoz et al. 2001). However, it has already been remarked that some changes are inevitable in
long-term programs (Houston et al. 2007). Advances in equipment and methods of analysis cannot be
ignored, but the accompanying changes that they bring (e.g. improvement in detection limits) must be
recorded along with the data to minimise the risk of false conclusions being made about the results. In
addition, most monitoring programs eventually must compromise between the scientific ideal and
what is feasible given practical constraints. The latter are usually financial, but may also be policy led
(e.g. the collected information has to serve more than one purpose, or the aims may change during the
life of the project).
This has been observed within the VFMP program, which was initially set up to monitor Victoria’s
state forests but soon was extended to include national parks and reserves. Recently the emphasis has
focussed more on monitoring post-fire recovery, and new methods were developed and data collected
to suit this change of emphasis (e.g. fire scar assessments were introduced in 2010). However, the
underlying sampling scheme is still that imposed by the initial aims and is unlikely to suit the new
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focus as well. In such situations difficult decisions may have to be made between optimising the
design to suit current policy aims and maximising the value brought about by having consistent data
over a long time period.

Conclusion
A forest monitoring program is only as good as the information that it produces. The tasks of data
collection, recording, analysis and storage for further use should be considered as the parts of a chain,
where all parts are interdependent and where a weakness in any part will have a detrimental effect on
the final product. Therefore, a well-defined and suitable quality assurance and quality control system
covering all aspects of the monitoring activity is essential. Typically most of the effort and cost of
forest monitoring is expended on data collection. The need for database development, data entry,
validation (auditing), interpretation and reporting is often underestimated. Greater emphasis on these
components of the chain can minimise incorrect data and produce the greatest value for money.
Another significant conclusion from the VFMP is that large datasets generated by forest monitoring
require an automatic checking system with as little manual intervention as possible. Automatic
systems should focus attention on those values that are most likely to be erroneous. Those values or
conditions highlighted by the system can then be investigated in detail. A future program of work to
improve this aspect of the QA system has been identified including:
•
•
•

development of a custom-designed electronic field data-capture tool
implementation of an automated warning and error system to rank the results of the validation
tests in the data capture and data storage tools
ongoing database development to upload 2012–2013 data, embed metadata within the
database and develop a reporting and analysis component.

Good quality metadata will significantly lengthen the life of the data and will add to its
interpretability. The current system has the ability to store metadata such as plot geographical
classifications or post field debrief reports, however this information is not directly linked with the
data values they describe. Greater utility could be achieved by allowing interrogation and direct links
between the information and the relevant data. Specifically, documentation of any irregularities of the
field season could then be used to understand erroneous data. However it is also worth noting that
metadata alone will not turn poor quality data into good or make it any easier to analyse and emphasis
is still placed on all parts of the chain.
The value of information derived from data collected by forest monitoring programs needs to be
maximised. A QA system such as that implemented for the Victorian Forest Monitoring Program can
significantly improve the quality of the stored data. However it should be remembered that the final
product of the QA process is dependent on the initial quality of the information sampled in the field
and recorded in the files submitted. It is thus strongly recommended to continue to work towards
improvements in the entire QA system, so as to achieve a consistent integration of all elements of the
monitoring activity.
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Sustainability is a widely accepted concept that is embodied in sustainable forest management and
sustainable yield, to cite two important examples in forestry. This paper explores the meaning of
sustainability in relation to forestry. It then examines how the principles underpinning sustainability
can best be gauged in certification schemes, given the complexities of temporal and spatial change.
To be useful in certification, such principles need to be capable of translation into auditable features,
be they qualitative or quantitative, but they also need to recognise the realities of demand and supply
movements, landscape change, natural disasters and technological change, among others. Forestry
Tasmania’s sustainable yield planning provides a case study that illuminates some of these issues. The
sustainability of environmental services supplied jointly with wood production is more difficult to
assess but also needs to be capable of audit—often involving, among other things, spatial assessment
of variables such as species diversity, fragmentation and connectedness, and application of the
precautionary principle.
The precautionary principle requires elaboration to enable criterion-based distinctions to be made
between those threats that are irreversible and disproportionate and those of lesser degree that are best
assessed by weighing opportunity costs as well as the possible impact of the threat. The provisions
relating to genetically modified organisms also require updating to enable the risks posed by new and
introduced pests and diseases to be mitigated, using genetic diagnostics and the development of
resistant transgenic strains in a more timely manner than conventional breeding can achieve.
In this paper, three specific and important changes concerning Sustainable Yield, the Precautionary
Principle and Genetically-modified Organisms are suggested for the Australian Forestry Standard. All
seem equally applicable to the Forest Stewardship Council scheme.

This paper is in press in Australian Forestry.
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Abstract
The National Forest Inventory (NFI) is a collaboration of state and territory governments
and the Australian government, and is tasked with developing Australia’s national forest
cover estimates. These are reported in various ways, including every five years through
Australia’s State of the Forests Report.
The NFI dataset on forest cover is compiled from data provided by a range of state and
territory land management agencies. The veracity of this data, and the accuracy of
consequent estimates of the area of forest cover, can be improved by concurrently
examining multiple, independent, forest cover datasets generated by remote sensing.
This ‘Multiple Lines of Evidence’ approach identifies areas where there is agreement or
disagreement between the various datasets in the allocation of areas as forest or
non-forest. Areas where multiple datasets, and especially multiple reliable datasets,
concur with the NFI dataset indicate areas where there is high confidence in the NFI
dataset. Conversely, areas where multiple datasets, and especially multiple reliable
datasets, disagree with the NFI dataset indicate areas where there is lower confidence in
the NFI dataset, and which consequently have a high priority for validation.

Background
Information on Australia’s forests is held in the National Forest Inventory (NFI), a cooperative
partnership between state and territory governments and the Australian Government, housed in the
Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES), Department of
Agriculture, Fisheries and Forestry (DAFF). The NFI reports on Australia’s forests every five years
through Australia’s State of the Forests Report (SOFR), under the mandate of the National Forest
Policy Statement and the Regional Forest Agreement Act 2002. SOFRs have been published in 1998,
2003 and most recently 2008 (National Forest Inventory 1998, 2003; Montreal Process
Implementation Group for Australia 2008), with the fourth SOFR to be published in 2013. All have
used the following definition of forest:
… an area, incorporating all living and non-living components, that is dominated by trees having
usually a single stem and a mature or potentially mature stand height exceeding two metres and with
existing or potential crown cover of overstorey strata about equal to or greater than 20 percent.

Australia’s SOFRs compile and present the scientific, economic and social information that underpins
the development of evidence-based policies to improve the sustainability and profitability of
Australia’s forests and forest-based industries. The reports are highly regarded nationally and
internationally as authoritative sources of forest information across an agreed reporting framework of
seven criteria and 44 indicators, informing public debate and industry investment, and supporting
Australia’s international reporting requirements.
One of the objectives of the SOFR—captured in Indicator 1.1a Area of forest by forest type and
tenure—is to provide reliable area estimates of Australia’s forest cover, both in total and by type and
tenure, with the rationale that ‘the area of each forest type over time [is] a broad measure of the extent
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to which forest ecosystems and their diversity are being maintained’ (Montreal Process
Implementation Group for Australia 2008). The area of forest by type and tenure provides the spatial
footprint against which other indicators of sustainable forest management are reported, including
ecosystem services, timber production, management of conservation and heritage values, and
monitoring of threatened species. The NFI contains best-available information at any point in time, but
the ability to calculate meaningful area changes over time depends on the base area of forest cover
being measured consistently and accurately across reporting periods.
The three forest cover datasets (1998, 2003 and 2008) produced from the NFI, and published in
Australia’s three SOFRs to date, reported large differences in the area of Australia’s forest cover:
156.9 million hectares (Mha) in 1998, 164.3 Mha in 2003, and 149.2 Mha in 2008. These differences
are primarily attributable to improvements in the data used to compile the forest cover datasets rather
than real on-ground change in forest area (Montreal Process Implementation Group for Australia
2008), but have led to uncertainty in the actual extent of Australia’s forest cover. The possibility that
the 2008 NFI forest cover figures could be misinterpreted as representing clearing of Australia’s forest
cover since 2003 was discussed at length in SOFR 2008.
Under Australia’s constitution, the state and territory governments have control of land management
and the collection of land information, including for forests. NFI forest cover datasets have thus to
date relied largely on data provided by the relevant state and territory agencies on forest area and type.
However, the state and territory data are collected using inconsistent methods and scales across
reporting timeframes, and across and within jurisdictions, with error estimates often unknown or not
provided. Moreover, data collected on publicly managed multiple-use native forests are invariably
more comprehensive than data on native forests on other land, such as conservation reserves or private
or leasehold land; data on plantations is generally accurate.
A Continental Forest Monitoring Framework (Wood et al 2006; Gerrand and Clancy 2008) was
designed specifically to address these issues in a nationally consistent manner, by providing a uniform
structure for collection of monitoring data, but has not progressed. With the support of the NFI
Steering Committee, which represents all jurisdictions (except Queensland), ABARES has thus
developed an approach that explicitly integrates Multiple Lines of Evidence (MLE) to address the
issue of uncertainty associated with the NFI forest cover dataset. This paper:
•

provides an overview of issues affecting the capacity of the NFI to produce robust and
accurate area estimates of national forest cover and cover change over time

•

outlines the MLE method, and articulates the rationale and benefits

•

provides an example of how the MLE method can be implemented to improve the veracity of
the forest cover datasets held in the NFI.

Limitations of existing data
A number of factors limit the capacity of the NFI to develop a stable and robust full national forest
cover dataset capable of supporting forest cover change analysis.
Data quality
The NFI is not funded to collect primary data on forest area (cover, extent), tenure or type. It has to
date relied mainly on data provided by relevant state and territory government agencies.
Typically, native forest cover data are collected by agencies for their specific needs at the time, and
often cover only certain land tenures. Additionally, the data for each jurisdiction are usually a mosaic
of datasets collected at various scales, from different sources and methodologies (ground survey,
remote sensing, etc.), and at different times. Furthermore, some jurisdictions provide the NFI with
both tabular and spatial forest cover data for the same extent of forest, with the two datasets differing.
Where required and when possible, data to fill gaps are sourced for the NFI from research institutions,
industry, or Australian Government agencies, an example being Major Vegetation Group data from
the Department of Sustainability, Environment, Water, Population and Communities. The NFI is thus
rich in data at the state and territory level, but not so suitable for compilation into a national coverage.
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Comprehensive spatial plantation data are collected by the NFI via the National Plantation Inventory,
which obtains these data directly from plantation growers and managers on an annual basis. Plantation
data are thus more consistent, accurate and up-to-date than native forest data provided to the NFI.
With the exception of Queensland and more recently New South Wales and Victoria, state and
territory agencies have had a strong emphasis on mapping and describing vegetation boundaries, but
little if any emphasis on cover change detection. Consequently, most agencies have provided data to
map forest boundaries and classify forest types, with improvements in the scale of mapping over time,
rather than providing data that allow mapping of changes in forest cover and forest types. A national
framework, such as the proposed Continental Forest Monitoring Framework (Wood et al 2006;
Gerrand and Clancy 2008), could guide forest cover data collection by agencies. However, only
Victoria has adopted these forest cover data collection principles; wider adoption of these principles
would increase the capacity of the NFI to produce consistent, reliable and comparable forest cover
statistics from state and territory spatial data.
Data gaps
Large data gaps exist, particularly on leasehold and private forests. These tenures collectively
comprise over 70% of the total forest cover reported in SOFR 2008. With the exception of Tasmania,
forests on private lands are often poorly mapped, with the state and territory agencies tending to focus
on forests on publicly managed land.
Diminishing resources
Forest management agencies in the states and territories are working in an environment of diminishing
resources, loss of expertise, and loss of corporate knowledge. Increasingly, the responsibility for forest
data is split between multiple agencies in a jurisdiction. The combined effect is a significantly reduced
capacity to contribute effectively to the NFI program.
Validation
In the past, the NFI has simply compiled the data provided by state and territory agencies, with limited
quality assurance or interrogation to determine veracity. The nationally aggregated area statements
presented in previous SOFRs (156.9 Mha in 1998, 164.3 Mha in 2003, and 149.2 Mha in 2008) have
thus lacked statistical validity or even error estimates. However, recent advances in geospatial
technology and the availability of high-resolution satellite imagery (freely or at low cost) now present
the NFI with an opportunity to reduce the uncertainty associated with Australia’s forest cover
estimates for future forest reporting, by acquiring appropriate, independent data to verify data from
state and territory agencies.

Multiple Lines of Evidence datasets
The Multiple Lines of Evidence approach to reducing the uncertainty associated with the area
estimates of Australia’s forest cover combines the NFI dataset with multiple, independent, national or
sub-national, spatial forest cover datasets derived from remotely-sensed data (Table 1).
NFI
The NFI dataset consists of a compilation of many historical and contemporary datasets obtained from
many sources including state, territory and Australian government agencies and research and industry
bodies. The source datasets vary in scale (resolution), acquisition platform, data age, attributes
collected, and attribute classification. The NFI endeavours to combine these best-available, albeit
disparate, datasets to produce a seamless national dataset, but on the assumption that areas designated
as forest by the providers of the datasets are correctly attributed and meet the NFI forest definition.
The current (2012) NFI forest cover dataset incorporates about 30 source datasets and was produced at
100 m × 100 m pixel resolution.
QLD SLATS and NSW SLATS
The SLATS method calculates Foliage Projective Cover (FPC) values from Landsat satellite Thematic
Mapper ™ and Enhanced Thematic Mapper Plus (ETM+) images. An empirically-derived relationship
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between FPC and crown cover values is used to delineate the landscape into forest and non-forest
areas based on a crown cover threshold of 20%. Both the SLATS datasets are produced and supplied
at 25 m × 25 m pixel resolution and are supported by extensive on-ground validation (Goulevitch et al.
2002; NSW Office of Environment and Heritage 2008). The SLATS datasets were derived to support
land clearance legislation then monitoring of change, so are temporally rich.
Table 1. Regional and national datasets used in the Multiple Lines of Evidence method
Dataset name and description

Responsible agency
or organisation

Geographic
coverage

Data
date

National Forest Inventory
(NFI)

National Forest
Inventory

National

2012

Queensland Statewide Land
Cover and Trees Study (QLD
SLATS)

Queensland
Department of
Environment and
Resource
Management

State of
2008
Queensland

Goulevitch et al. (2002)

New South Wales Statewide
Land Cover and Trees Study
(NSW SLATS)

NSW Office of
Environment and
Heritage

State of
NSW

2008

NSW Office of Environment
and Heritage (2008)

National Carbon Accounting
System (NCAS)

Department of
Climate Change and
Energy Efficiency
(DCCEE)

National

2006

Furby (2002), DCCEE (2011)

Dynamic Land Cover Dataset
(DLCD)

Geoscience Australia

National

2008

Lymburner et al. (2010)

Reference
Montreal Process
Implementation Group for
Australia (2008)

NCAS
The NCAS dataset is produced from Landsat satellite Thematic Mapper ™ and Enhanced Thematic
Mapper Plus (ETM+) images, and identifies woody vegetation of height or potential height greater
than 2 m, canopy cover greater than 20%, and a minimum patch size of 0.2 ha. The NCAS dataset is
compiled from several time periods since 1972, and is produced at a 25 m × 25 m pixel resolution. The
NCAS dataset was designed for carbon accounting and monitoring changes in Kyoto-compliant forests
over long time-periods.
DLCD
The DLCD dataset is produced from the Moderate Resolution Imaging Spectrometer (MODIS)
satellite. Long-term time series (2000-08) Enhanced Vegetation Index values are analysed, and pixels
clustered based on their phenological and seasonal characteristics into International Organization for
Standardization (ISO) classes. The tree cover classes with crown cover 70–100% (Closed), 30–70%
(Open), and 10–30% (Sparse) are considered forest for the MLE approach, as their crown cover ranges
overlap with that of the NFI. The DLCD dataset is produced at a 250 m × 250 m pixel resolution. The
DLCD dataset has a consistent treatment of the range of land-cover types, and is temporally rich.
Forest definitions and attributes
All the MLE datasets use a forest definition that is consistent with the definition used by the NFI: an
area dominated by usually single-stemmed trees (or eucalypt mallees) with actual or potential mature
stand height of 2 m or more, actual or potential mature overstorey crown cover of 20% or more, no
minimum patch size, and no restrictions on forest use. Differences include:
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•

the SLATS and DLCD datasets do not contain tree height as an attribute. The MLE method
thus uses data from the National Vegetation Information System (NVIS) to estimate tree
height for areas identified as forest by these datasets.

•

the DLCD dataset includes forest areas in the category ‘Sparse Tree Cover’ and with crown
cover range 10–30%, giving 10% as the minimum crown cover threshold for the dataset.

•

the NCAS dataset specifies a minimum patch size of 0.2 ha, and records observed cover rather
than potential crown cover at maturity.

The Multiple-Lines-of-Evidence process
The MLE process is run separately for each state or territory then aggregated nationally.
The first stage is intersection of the multiple available datasets, and identifying where the datasets
agree or disagree on the forest cover status of an area. The summed footprint of all datasets represents
the total potential forest cover. A colour-coded model for the area intersection is shown in Figure 1,
using two datasets external to the NFI (e.g. NCAS and DLCD, as would be the case for South
Australia and some other states and territories). The results can be grouped into three outcome
categories, with three levels of confidence for the NFI allocation deduced from the number of datasets
in agreement with the NFI dataset:
•

Outcome 1: areas where all the examined datasets, including the NFI, agree as either forest or
non-forest. These are areas where users can have high confidence in the NFI dataset.

•

Outcome 2: areas where some datasets agree and some disagree with the NFI. These are areas
of moderate confidence in the NFI dataset, and which are further analysed by consideration of
the reliability of individual datasets.

Intersection

Outcomes

Total potential forest cover is the area covered by the
sum of the input datasets

Input dataset

Outcome 1: high confidence in NFI
dataset
Areas where forest cover status is
supported by all 3 datasets:
• black (all 3 datasets forest)
• white (all 3 datasets non‐forest)
Outcome 2: moderate confidence in
NFI dataset
Areas where forest cover status is
supported by NFI and 1 other dataset:
• purple (NFI and Dataset 1 forest)
• orange (NFI and Dataset 2 forest)
• blue (NFI and Dataset 2 non‐forest)
• yellow (NFI and Dataset 1 non‐
forest)

Input
NFI dataset

Input
dataset 2

Outcome 3: low confidence in NFI
dataset
Areas where NFI is not supported by
any other dataset :
• red (only NFI forest)
• green (only NFI non‐forest)

Figure 1. Conceptual model illustrating first stage of Multiple Lines of Evidence approach: intersection of input
data. The example shown intersects the NFI dataset (RED plus colours including red) with two other datasets
(BLUE plus colours including blue, and YELLOW plus colours including yellow).

INSTITUTE OF FORESTERS OF AUSTRALIA NATIONAL CONFERENCE 7–11 APRIL 2013 CANBERRA

60

Martin Mutendeudzi, Steve Read, Claire Howell, Stuart Davey and Tim Clancy

•

Outcome 3: areas where all the examined datasets disagree with the NFI dataset. These are
areas of potential error in the NFI dataset, where users may have low confidence in the NFI
dataset, and for which NFI allocation as forest/non-forest requires validation.

The left-hand set of columns in Table 2 shows the matrix of possible attribute combinations for areas
within a jurisdiction, when three datasets external to the NFI (typically NCAS, DLCD and SLATS)
are available, as would be the case for New South Wales and Queensland. The central set of columns
of Table 2 then shows how application of this first stage of the MLE approach can be used to deduce
the varying levels of confidence in the NFI dataset across the areas within a jurisdiction, based solely
on the number of datasets agreeing with the NFI dataset.
Table 2. Output matrix for MLE approach. The example shown results from intersection of the NFI dataset with
three other datasets (NCAS, DLCD and SLATS), as would be the case for New South Wales and Queensland
Stage 1: Assessment based on number of
datasets agreeing with NFI dataset

Datasets
showing
forest
cover1

Datasets
showing
non-forest
cover1

Forest
cover status
in NFI

–
N
D
W
A
AW
AD
WD
ND
NW
NA
NWD
NAD
NAW
AWD
NAWD

NAWD
AWD
AWN
ADN
WDN
DN
WN
AN
AW
AD
WD
A
W
D
N
–

Non-Forest
Forest
Non-Forest
Non-Forest
Non-Forest
Non-Forest
Non-Forest
Non-Forest
Forest
Forest
Forest
Forest
Forest
Forest
Non-Forest
Forest

Stage 2: Assessment
incorporating dataset
reliability values

Number of
datasets
agreeing
with NFI

Number of
datasets
disagreeing
with NFI

Deduced
confidence
in NFI

Sum of
weightings
of datasets
agreeing
with NFI

Deduced
confidence
in NFI

Three
Zero
Two
Two
Two
One
One
One
One
One
One
Two
Two
Two
Zero
Three

Zero
Three
One
One
One
Two
Two
Two
Two
Two
Two
One
One
One
Three
Zero

High
Low
High
High
High
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
High
High
High
Low
High

9
0
8
4
6
1
5
3
1
5
3
6
4
8
0
9

High
Low
High
Moderate
High
Low
Moderate
Moderate
Low
Moderate
Moderate
High
Moderate
High
Low
High

1

N, NFI; D, DLCD; A, NCAS; W, SLATS.

The second stage of the MLE approach allots each external dataset a weighting that measures its
reliability, allocated solely for applying the MLE method and not reflective of the reliability of the
datasets with respect to the purposes for which they were developed. Ten forest and ten non-forest
areas, randomly screen-digitised from high-resolution SPOT5 imagery of a similar date-stamp to the
datasets (2006–08), were compared against the same areas in each candidate dataset, and datasets
given a single weighting from 1 to 5 relating to the proportion of their cover classification matched to
the classification derived from the SPOT5 imagery: high weighting values reflect high dataset
reliability for the purposes of the MLE, and low weighting values reflect low dataset reliability for the
purposes of the MLE. As a result, the QLD SLATS and NSW SLATS datasets were given a weighting
of 5, the NCAS dataset a weighting of 3, and the DLCD dataset a weighting of 1. These dataset
weightings may change as the various datasets are updated.
The dataset reliability information captured in the weighting score is then used to assist with
determination of the confidence in forest/non-forest allocations, for areas where only some of the
datasets external to the NFI agree with the NFI dataset. The right-hand set columns of Table 2 shows
how incorporation of the assessed reliability for the MLE of various external datasets can be used to
modify the levels of confidence attributed to areas in the NFI dataset.
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The validation priority for an area is set by the strength of argument that the NFI dataset is wrong in
regard to its forest/non-forest attribution for that area. Areas where all input datasets agree with the
NFI dataset, plus areas where datasets of high reliability agree with the NFI dataset and only datasets
of low reliability scores do not, are regarded as being of high confidence for the NFI dataset and,
therefore, having low validation priority. Conversely, areas where all datasets external to the NFI
agree with each other but disagree with the NFI dataset, plus areas where datasets of high reliability
disagree with the NFI dataset but only datasets of low reliability agree with the NFI dataset, are
regarded as being of low confidence for the NFI dataset and, therefore, of high priority for validation.
Validation
The MLE method highlights potential forest cover errors in the NFI dataset that may warrant further
investigation. On-ground validation is expensive yet is crucial to improving the reliability of and
confidence in any forest dataset. The MLE method provides an objective and transparent framework
for prioritisation of areas proposed for validation.
Desktop validation of areas where confidence in the NFI dataset is low can include its appraisal
against other appropriate existing datasets, through collaboration between the NFI and state or territory
agencies. Such additional data can include high-resolution SPOT5 imagery, or Light Detection And
Ranging (LiDAR) data. Google Earth imagery can be used effectively where SPOT5 imagery is not
available.

The complete MLE process, involving intersection of the NFI and external datasets, reliability
assessment, and desktop validation, is shown in Figure 2.

Figure 2. Multiple Lines of Evidence process flow diagram

Application of the Multiple Lines of Evidence approach
As an example, the Multiple Lines of Evidence (MLE) method is illustrated using interim results for
New South Wales, combining the following datasets (Table 1):
•

New South Wales SLATS (NSW SLATS)
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•

National Carbon Accounting System (NCAS)

•

Dynamic Land Cover Dataset (DLCD)

•

National Forest Inventory dataset (NFI, as at 2012).

Deduced confidence in NFI forest/non-forest allocations
Table 3 presents area results from overlap of the NSW datasets across the various possible
combinations of dataset agreement and disagreement (the same structure as the output matrix in
Table 2), then incorporates reliability values for the various datasets to deduce the confidence in the
NFI and validation priorities for these areas.
Table 3. Output matrix from application of MLE approach to New South Wales

Line

Datasets
showing
forest
cover1

Datasets
indicating
non-forest
cover1

Forest
cover status
in NFI

Area
(million
hectares)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

–
N
D
W
A
AW
AD
WD
ND
NW
NA
NWD
NAD
NAW
AWD
NAWD

NAWD
AWD
AWN
ADN
WDN
DN
WN
AN
AW
AD
WD
A
W
DN
N
-

Non-Forest
Forest
Non-Forest
Non-Forest
Non-Forest
Non-Forest
Non-Forest
Non-Forest
Forest
Forest
Forest
Forest
Forest
Forest
Non-Forest
Forest

–
3.62
8.92
2.29
0.33
0.89
0.33
1.99
1.61
2.55
0.31
2.02
0.34
3.36
1.75
12.70

Total NFI forest cover
Total potential forest cover (summed
footprint of all datasets)
1
N, NFI; D, DLCD; A, NCAS; W, SLATS.

26.51

Sum of
weightings
of datasets
agreeing
with NFI
9
0
8
4
6
1
5
3
1
5
3
6
4
8
0
9

Deduced
confidence
in NFI

Validation
priority

High
Low
High
Moderate
High
Low
Moderate
Moderate
Low
Moderate
Moderate
High
Moderate
High
Low
High

Low
High
Low
Moderate
Low
High
Moderate
Moderate
High
Moderate
Moderate
Low
Moderate
Low
High
Low

43.01

Together the four NSW datasets indicate a combined mapped forest area (footprint) of 43.01 Mha,
which thus defines the total potential forest cover for NSW (Table 3, sum of Lines 1–16). Of this area,
the NFI dataset identifies 26.51 Mha as forest (sum of Lines 2, 9–14, and 16), but only 12.70 Mha
(48% of the NFI area) is deemed forest by all four datasets (Line 16).
About 3.62 Mha of NSW are identified as forest only by the NFI dataset, but non-forest by all the
other three datasets (Table 3, Line 1). Examination of high-resolution (SPOT5 satellite) imagery
confirms that this area may have been incorrectly classified as forest in the NFI dataset. Confidence in
the NFI dataset for this area is considered low, and it has been allocated a high priority for validation.
A combined area of about 14.75 Mha that is identified as non-forest cover by the NFI dataset is
deemed forest cover by at least one but not all of the other three datasets (Table 3, Lines 3–8).
However, 8.92 Mha of this area is identified as forest cover only by the DLCD dataset (Line 3), which
is considered the least reliable (for this purpose) of the three datasets external to the NFI and which
thus has the lowest weighting. Evidence of misclassification from SPOT5 imagery for this area is not
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strong, and consequently it is considered a low priority for validation. A further 0.33 Mha identified as
forest only by the NCAS dataset (Line 5) is also considered low validation priority. However, the 2.29
Mha identified as forest only by the NSW SLATS dataset (Line 4) is rated as a moderate validation
priority because this dataset is assessed to be of high reliability (for this purpose) and given a high
weighting.
Conversely, there are 1.75 Mha (Table 3, Line 15) identified as forest by the other three datasets but as
non-forest by the NFI dataset. Examination of high-resolution (SPOT5 satellite) imagery confirms that
this area may have been incorrectly classified as non-forest in the NFI dataset. Confidence in the NFI
dataset for this area is considered low, and it has been allocated a high priority for validation.
Deduced confidence in MLE forest/non-forest allocations
Based on the MLE approach, confidence in forest / non-forest allocations in NSW areas within and
outside the NFI forest dataset is summarised in Table 4.
Table 4. Assessment of forest/non-forest areas in NSW using the MLE approach
Area (Mha, million hectares)
Total

High
confidence in
NFI allocation

Moderate
confidence in
NFI allocation

Low confidence
in NFI
allocation

NFI dataset indicates forest

26.51

18.08 **

3.20 ++

5.23 ##

NFI dataset indicates non-forest;
at least one other dataset indicates
forest

16.50

9.25 ##

4.61 ++

2.64 **

Total potential forest cover
(summed footprint of all datasets)

43.01

Sum of areas indicated as **

20.72

MLE approach suggests this
to be forest

7.81

MLE approach is uncertain
if this is forest or non-forest

Sum of areas indicated as ##

14.48

MLE approach suggests this
to be non-forest

Total potential forest cover
(summed footprint of all datasets)

43.01

Sum of areas indicated as ++

There is high confidence in the forest allocation for 68% (18.08 Mha) of the 26.51 Mha considered
forest by the NFI dataset. Conversely, there is low confidence in the NFI non-forest allocation for
2.64 Mha where at least one of NCAS and NSW SLATS indicate forest. Taken together, this gives a
total of 20.72 Mha in NSW that the MLE approach indicates with high confidence is forest.
Confidence in the NFI dataset is rated moderate across about 12% (3.20 Mha) of the area the NFI
classifies as forest. In addition, 4.61 Mha that the NFI considers non-forest is considered forest by
some of the datasets external to the NFI, but with only moderate confidence that it is forest. Taken
together, this constitutes a total of 7.81 Mha in NSW which the MLE approach indicates could be
forest but with only moderate confidence, and which requires further investigation and validation.
Lastly, there is high confidence in the non-forest allocation of 9.25 Mha identified as such in the NFI
dataset, even though it is considered forest by at least one of DLCD or NCAS (but not NSW SLATS).
Conversely, there is low confidence in the NFI dataset for 20% (5.23 Mha) of the 26.51 Mha that the
dataset considers forest. This gives a total of 14.48 Mha within the total potential NSW forest cover
that the MLE approach suggests with high confidence is not forest.
The MLE approach thus indicates a forest area for NSW of between 20.72 Mha (high-confidence
forest) and 20.72 + 7.81 = 28.53 Mha (high- and moderate-confidence forest). State agency support
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and additional ancillary data will be sought to investigate the various areas classified as moderateconfidence forest and prioritised for validation, to arrive at a robust single value for the total area of
NSW forest.
Preliminary validation of NSW forest areas
The geographical distribution of the MLE output for NSW is shown in Map 1. Complete dataset
agreement (dark green areas) occurs mostly along the coast and tablelands, where forests are taller,
crown cover denser and rainfall relatively high. The 3.62 Mha where only the NFI dataset indicates
forest (red areas on the map) is localised in inland central NSW, with much based on older and lowresolution vegetation mapping. SPOT5 satellite images of examples of this area reveal very little tree
cover. After validation, these potentially non-forest areas may be reported as non-forest in SOFR
2013, together with other categories where the NFI allocation of forest is not confirmed.
The 1.75 Mha where only the NFI dataset indicates non-forest while the other three datasets indicate
forest (orange on the map) is scattered through the tableland and inland hill country of NSW. SPOT5
satellite images of such areas shows presence of dense tree cover. After validation, these potentially
forest areas may be reported as forest in SOFR 2013, together with other areas where the NFI
allocation of non-forest is not confirmed.
The result of using the MLE approach within NSW, as in all other states and territories, will therefore
be a more realistic forest cover map, and a more accurate estimate of the total area of forest cover.

Conclusions
The Multiple Lines of Evidence (MLE) approach to improving the estimate of Australia’s forest cover
uses a range of remotely sensed, national, state-wide or territory-wide, forest or tree cover datasets,
and compares these to the National Forest Inventory (NFI) dataset. The analysis involves first
intersecting the various datasets to determine areas of overlap (agreement), then incorporating
reliability (weighting) scores for each external (non-NFI) dataset, leading to a deduced level of
confidence in the allocation by the NFI of areas as forest or non-forest. The final step in the MLE
approach is validating the status of areas where there is low or moderate confidence in the NFI.
In the absence of a Continental Forest Monitoring Framework, the MLE method is a transparent and
cost-effective alternative to identify potential errors in the NFI forest cover dataset, subject only to
resources being available within the NFI for analysis of imagery. It will allow Australia’s forest extent
to be reported as a single best-available figure, reducing variability due to differences in measurement
techniques and datasets, and potentially allowing monitoring and reporting of trends in the area of
forest cover over time. It enables objective prioritisation of validation work that will reduce further the
uncertainty in Australia’s forest cover estimates. It allows production of maps showing the geographic
distribution of areas of high and/or low confidence in the forest cover dataset, and a better
understanding of the relationship between dataset confidence and forest cover classes (closed forest,
open forest, woodland forest), forest type, and land tenure. Finally, the MLE approach also enables
Australia’s forest extent to be reported as a range reflecting not just uncertainties with the data, but
also the relatively large area of forest that falls close to the boundary separating woodland (classified
as forest) from open woodland (not classified as forest), or close to the boundary separating low forest
(classified as forest) from tall shrubland (not classified as forest).
The MLE concept was first presented to and received support from the NFI Steering Committee at its
44th meeting (November 2010). Since then, the concept, implementation and preliminary outputs have
been discussed with peers from all states and territories, as well as Geoscience Australia, the
Commonwealth Scientific and Industrial Research Organisation, Department of Climate Change and
Energy Efficiency and Department of Sustainability, Environment, Water, Population and
Communities. The approach is being used in collaboration with agencies in all states and territories to
refine their forest cover estimates, for compilation and reporting in Australia’s State of the Forest
Report 2013.
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Map 1. Spatial analysis of Multiple Lines of Evidence output for New South Wales
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Forest cover data from the states and territories will remain critical and central to the NFI. The MLE
approach efficiently builds on these sources, seeking to improve the reliability and robustness of the
compiled NFI dataset by identifying potential errors in the source data, and allocating validation
priorities for improvement of the primary information. The approach thus facilitates harmonisation of
the NFI forest cover dataset with other key regional and national forest cover datasets.
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